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due to higher temperatures that prevented their preservation
(Titus 2015 SchorghofeR016.

Here, we report our analyses of Os@eological evolution
using FC and VIR data obtained at the highest available spatial
resolutions. These results are also consistent with impact-
related dehydration.

1 (Nathues et aR016 Russell et al.
2016. However, higher resolution sevelter ( 35m pixel™)
color data have been obtained for selected sites. One of the most Dawn FC has imaged the entire illuminated surface1)f
striking surface features on Ceres is the small crater OxoCeres from several different orbits in 2015 and 2016. Ceres was
(diameter 9 km), which shows the second highesteetance on ~ mapped from Survey, High-Altitude Mapping OritAMO),
the surface of Ceres. Combe et(aD16 reported the detection Low-Altitude Mapping Orbi(LAMO), and XMO3 orbit at spatial
of local H,O ice exposures inside the crater by using data fromresolutions of 400 m pixel*, 140m pixet', 35m pixel*,
the Visible and Infrared Mapping Spectromé®#R; De Sanctis ~ and 140m pixel’, respectively. Framing Camera images exist
et al.2011). Combe et al(201§ found that some spectra at Oxo In different levels: 1a, 1b, and {color Iters only, from which
are most consistent with,B ice, but could also be attributed to  We used level 1kclear lter) and 1c(color ltery. Details of

[ i ing FC images are reported in Nathues ef2@l4
hydrated materials. They argue that Oxo is a young cratefPr0CeSsIng
exposing water-ice. The geological context of Oxo has been20129- Level lbic data are converted to extance(l/ F) by

described by Hughson et 42017. Oxo is embedded in an dividing the observed radiance by solar irradiance from a normally
ancient crateyre d tgrra'n hich is th.e most widespread surface r]golar-illuminated Lambertian disk. Color cubes are derived by
: In, wnich | WIAESp u u pplying an MPS image processing pipeline as described in

on CeregBuczkowski et a201§. The geology and morphology - paqqy et al(2012 and Nathues et #2014 20158. Color cubes

of Oxo are mainly dened by the surrounding ejecta blanket, 5.e hhotometrically corrected to standard viewing geor(@fy
striped crater wall material, mixed crateor material, and the incidence, ® emission angle, and 3@hase angjeusing Hapke
terracg(Hughson et al2017. Its latitude on Ceres places Oxo0 in  fynctions(Hapke2012and references therirStarting from the

a zone sensitive to ice-related processes: while polar latitudes ajghotometric model parameters presented by Reddy @0aB),

too cold for a signicant mobility of ice, brine, and water, Hapke light-scattering parametenave been iteratively derived
equatorial latitudes are relatively depleted of water or water-icefrom the Approach, Survey, and HAMO mission phases. Iteration

2. Data Processing and Method
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Figure 1. Enhanced color mosaic of the surface of Ceres. Data have been obtained from a distdd€® &dm during HAMO and XMO3 orbits. The white arrow
marks the location of the Oxo crater, which is the second brightest surface feature diN&tbress et a0153. The RGB colors ar® = 0.96m, G = 0.75um,
andB = 0.44um. The image is a Mollweide projection centered at the prime meridian.

became necessary since increasing resolution leads to increasin
signi cance of subpixel shadows, which change the weight of
contributions from different latitudes to a global integrated model
t. For example, a transition from a one-parameter Henyey
Greenstein function to a two-parameter descript®irepard &
Helfenstein 2007 was required for HAMO data. For this
correction and the visualization of the results, we used the
HAMO Ceres shape model deduced from FC clétar- stereo
images(Preusker et aR016. The resulting reectance data are
map-projected in several steps, and co-registered to align the colo
frames, creating color cubes for our analysis. The cerean surfacg
has also been mapped by the VIR imaging spectrometer covering
the wavelength range between 0.25 angMm@De Sanctis et al.
2017). Radiometrically calibrated and projected VIRa&tance
data are available at the Planetary Data Sy httpsy /pds.
jpl.nasa.goy), and were further processed at MPS. In order to
allow a comparison with the FC color data, the VIR level 1b data
were converted to rectance(l/F) by using the same solar
spectrum as for FC data. In a subsequent step, the thermallmmm
emission of Ceres was removed by applying a method describegigure 2. Vicinity of Oxo crater as seen from7300 km distancetail of the
in Clark et al.(201]) but adapted for the VIR spectral range. In unprojected cleariter FC image#37,265 taken during Optical Navigatioh 8

; ; fAonAi @G\ Oxo is the most recent impact feature of its size on Ceres. Oxo is located off-
order to increase the Slgnal to-noise r ) of the spectra we nter within an older crater, which itself is emplaced in the even older, heavily

used averaged spectra. Finally, all spectra were smoothed by 8 oded Duginavi cratdL.55 ki in diametar Arrows point to two thol within
pixel wide boxcar. Due to B limitations we restricted our  Duginavi crater: upper right arrow locates Cosecha Tholus; the lower arrow

analysis of the VIR data to a qualitative analysis, i.e., the presenc&ighlights a small unnamed tholus. North points up. The scale bar is
of diagnostic absorption bands, their shape, and their strength. AfPPTOXimately 10 km.

FC color and VIR spectral data used in this study have been

obtained from LAMO orbitt with resolutions of 35m 3. Geology of Oxo Crater

pixel™ and 95m pixel”, respectively. The obtained phase Ox0(42°20 N, 35375 B is a9 km diameter impact crater

angles range between °38nd 43 for FC LAMO data and | d h h hemisoh f h .
between 52and 55 for VIR LAMO data. ocated on the northern hemisphere of Ceres at the prime

meridian (see arrow in Figurd). With a depth-to-diameter
ratio of 0.172 and based on its crater rim andr morphology,
Oxo resembles a transitional complex crater on Cées
1 | AMO data acquisition was between 2015 December and 2016 SeptemberHiesinger et al.2016. Oxo is located on the rim of an
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Figure 3. Topographic map of Duginavi crater 155 kim). Oxo is located on the edge of a degraded, 40.5 km diameter @vhater arrow$ in the northwestern
portion of Duginavi. Two tholi exist within Duginavi. The summit of Cosecha Tholus rises uB8@0 m, which is approximately the same height as the degraded
northeastern rim of Duginavi. The lowest pai® 5638 i in Duginavi is within a 19 km diameter crater about 42 km south of Oxo. Stereographic projection is
centered at the north pole.

unnamed, heavily degraded, 40.5km diameter crater, whichunmodi ed rim; the effective drop height is estimated to be
itself formed within the eroded, 155 km diameter Duginavi about 0.5km based on an idealized crater r{gsee
crater centered at 39 N/4°3 E (see Figure® and 3). Figure5(A)). The slumped rim segment appears slightly tilted,
The oor of Oxo is one of the lowest-lying surfaces on the which probably resulted from downslope motion along a listric
northern hemisphere of Ceres, with an altitudeSd802 m fault plang(see Figure§(E) and(D)). Scarps on and concentric
below the reference ellipsoifFigures3 and 4). Thus the to the rim segment are noted, which indicate internal fracturing
relatively small Oxo impact has excavated subsurface layersiuring slumping. Approximately 3.1km upslope of the
signi cantly deeper than at most sites on Cése® beloy dislocated rim segment a pronounced rectangular main scarp
Aside from some local depressions at equatorial latitudes al(see Figures(A)) is observed as outlined by the 7.7 km long
sites on Ceregi.e., northern and southern hemisphgrats main scarp and up to 4.4 km long secondary scg@igsires5,
elevations belows4700 m are associated with impact craters. 6). The height of the main scarp is up to 1.1km. The main
The lowest point on Ceres is located within Rongo ci@&tz scarp itself follows the linear rim crest of the 40.5 km diameter
et al.2017). The geology of Oxo indicates that this is among (polygona) crater. The collapsed material from the nearly
the youngest craters, based on its crisp rim morphdlebgre rectangular main scarp accumulated at its base, partially
many other crater rims on Ceres are slumping or ejpued- burying the collapsed rim segment. Three lobate surfass
de ned ejecta blanket, and the presence of only a fewwithin Oxo are observed, originating on the rims anaving
superimposed cratefsee Sectior). In addition, at least 77  into the base of the main bounding and secondary s¢seps
boulders >140m in diameter rest on theoor and rim Figure 10). These features are ded by long discrete trunks
(Hughson et al2017), indicating Oxos youthful age because and steep rounded toes, and thus were cledsas“type I’
boulder preservation generally diminishes with time due to deposits(Schmidt et al.2017). Type 1 ows increase in
destruction bymicrgmeteoroidal bombardment. frequency toward the poles and have been interpreted as ice-
The formation of the Oxo impact crater on th&.5 km high rich based on their location and morphology, and likely imply
and up to 20 steep inner, pole-facing rim of a 40.5km at least 10% icéSchmidt et al2017. At and below the two
diameter degraded crater caused structural post-formatiomear pointgsee Figurés(A)) where the rim segment detached
modi cation of the crater. The current southeastern rim of from the intact rim, broad and unconsolidated apron fans and
Oxo (the segment parallel to the contour linesdislocated  successions of small lobate deposits are observed.
downslope from its original position by 14 0.1 km in plane The intact crater wall of Oxo is composed of intermixed
view with a vertical offset of about 0-8.4 km relative to the  bright and dark unconsolidated talus material extending from
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Figure 4. Topography of the northern hemisphere of Ceres poleward’df 30he HAMO Digital Terrain Model is superimposed on the LAMO cldégr mosaic.
All colored sites deviate more th&%700 m from the bestt 482.8 x 480.6 x 445.0 km reference ellipso{@®reusker et ak016. Any location aboves4700 m

altitude is shown in gray. The inset shows portions of Duginasriater oor. The lowest point on Ox® oor is atS4802 m. Note that the inset shown does not
obscure any low-lying sites. Stereographic projection is centered at the north pole.

the rim crest to the crateoor. In places, consolidated outcrops than 115 m in diameter. This small impact may have excavated
in the upper crater wall are present. At the base of the wall fan-bright water-ice-rich materiédee Sectiob). We note that surface
shaped debris aprons and lobate deposits are observedyater-ice in Oxo is probably exeated as a consequence of small
exposing bright and dark material. Smooth and hummockyimpacts, which cannot be detected at LAMO resolufian,
deposits, upon which large boulders rest, characterize theraters less than about 100 m in diameter are not icéfei in

crater oor. LAMO images.
During the Oxo impact event bright material has been
excavated and irregularly distributed within the ejecta material. 4. Crater-based Model Ages

Individual bright rays as seen false-color-ratio RGBge.g.,
Figure 7) and photometrically corrected cledter mosaics
extend up to 22.5km from the rim. The smallest extent of the
asymmetric ejecta blanket is toward the southeast and likely
consequence of the elevated pre-existing crater rim of the 40.5 k
diameter older crater that blocked the ejecta. The absolut

re ectance of bright ejecta material typically reachésl at statistical analysis of the crater siftequency distribution

0.554m, with maxima at individual sites of up 10.25. Some  yere carried out by utilizing CraterTodlneissl et al2017)

intact boulders are made of bright material whereas the bright, Cratersta@lichael & Neukurm201Q Michael et al2012
patches near the rim crest may represent partly disintegrate 016, respectively.

boulders. Outcrops of bright material are observed along the preyiously, the formation model age of Oxo has been

upper crater wall of Oxo including the slipped rim segment and estimated to be between 2.1 and 4.3 (Maghson et al2017)
Wlthl_n unconsolidated lobate depoilfsgur_es& 9, anpilO). The and 500+ 200 ka(Schmedemann et 82016 by measuring
maximum reectance of the upper-wall bright material B24 at  the crater population on the ejecta. In this study, we also
0.55um. Re ectance values of up t00.15 at 0.5%:m are  examined impact craters, which are unambiguously exposed on
reached at lobate depogifl, which shows the strongest water-ice the ejecta blanket, i.e., they formed after the Oxo impact event.
signatures in VIR spectrgCombe et al201§ Hughson et al. A 3D anaglyph of Oxo has been prepared to identify small
2017 Figure8). The brightest FC pixel of the lobate depgsit impact craters and to clearly distinguish craters and boulders
(Figure6) is adjacent to a potential ¢ea that formed here of less  (Figure10). Only ve craters are found to be superimposed on

The age of a planetary surface unit can be estimated by
determining the density of impact craters that have accumulated

n the unit since its formatiofArvidson et al.1979 Neukum

Hiller 1981; Platz et al2013. For model age determinations
on Ceres the lunar-derived chronology and production func-
Sions of Hiesinger et a(2016 are applied. Crater mapping and
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Figure 5. Geological evolution of Oxo cratgfA) The topographic relief of Oxo crater and its immediate vicinity is visualized by superimposing the HAMO-based
digital terrain mode(Preusker et aR016 on FC image 52,044. The besdtdiameter of Oxo is 8.95 krfdashed circle The idealized crest of the collapsed rim
segment is highlighted as a white arc, which is offset from its inferred position by a distance of 1.08 km in the plane view. Tear points are maekaddwyswhit
The pronounced main and secondary scarps upslope of Oxo are highlighted. Locations A and B mark the cross sectiofEshdWe image is shown in
stereographic projection centered at the north §B)eOxo crater as recorded in FC cledter image 52,044. Same scene aAh (C) 3D anaglyph of Oxo crater,
created from FC images 66,381 and 52,044 with a vertical exaggeration®é8Higurd.0). Same scene as (A). (D) Geological sketch of Oxo crater highlighting
only structural features and deposits, which are associated witls @xosegment failuréred-toned colo)sand the ridge collaps@reen-toned coloysNote the
lobate deposit originating from a fault on the eastern rim of Oxo extending northward. Its terminus is disguised by superposed dgpdsits. Same scene as in
(A). (E) Cross section AB over a distance of 21.3 km as shown in pa@él The dark gray area rects a slightly modied topographic prde at 2< vertical
exaggeration. The inferred original position of Gxmtact rim(reddish and the pre-collapse ridge religireen are highlighted. Failure along listric fault planes
(white dashed and dotted linesaused block sliding of the rim segment and landsliding on the ridge.
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Figure 9. Images of Oxo crater in the cledter. (A) LAMO FC image#158,506 shows the southern portion of Oxo crgy.Same scene as (A) but now with a
colorized ratio(1.84:m/2.02um) superimposed that is diagnostic of the strength of t8® um H,O absorption band. The LAMO VIR data are smeared due to
spacecraft motion. The lower left portions of the VIR trails match the respective features seen in FC data. The water absorptions are assugiit{esteyitsat
both lobate depositg1l and+#2 (see Figures). (C) HAMO FC image#42,450 showing the same scene agAh Shadows are smaller in HAMO than in LAMO
imagery because the former were taken closer to northern summer solstice. Thus larger fractions of the pole-facing slopes are illuminated gesiAnDidng
bright material at siteg1 and#2. (D) Multiply scattered light reveals several bright deposits at the lower western main scarp. Due to the strong water absorption
features of sitegtl and+#2 it can be inferred that all these bright sites exhibit water-ice.

Excavated bright materials distributed throughout the ejectaDTM with its lower resolution( 137 m pixel) does not
blanket show characteristic gint-to-bluish colors in FC images adequately represent the morphology of Oxo as seen in LAMO
(Schmedemann et 8016 and represent a further line of evidence FC imageq 35 m pixel™). In a southeast-looking perspective
for an optically less matured magkras has also been observed at view (see Figureb), a large terrace block can be easily seen.
other young craters on Ceres, e.g., Haulani and Odddtinues However, the absence of impact craters superimposed on this
et al.2016 2017 Schmedemann et @016 Stephan et aR017). terrace as noted by Hughson et(2D17) disagrees with block

The formation of Oxo crater occurred on a pole-facing slope slumping of a densely cratered ridge. Observing and describing
of a linear, northeassouthwest trending ridge, which repre- a given landform in detail can only be achieved by using
sents a segment of a degraded, polygonal crater 40.5km irhighest resolution, three-dimensional anaglyphs based on
diameter. This degraded crater developed on the northwesterstereo image pair@igure 10). Our interpretation of the main

oor of the older heavily degraded, 155km diameter crateraspects of the evolution of Oxo crater is highlighted in
Duginavi(Figures2 and3). Upslope of Oxo crater a prominent  Figures5 and12.
rectangular scarp is observed, which was interpreted as On Ceres there are many examples where impact craters exhibit
bounding scarps of a large terrace slump bl@dkighson linear or rectangular scarps as consequence of wall or rim failure
et al.2017). Although this interpretation was reasonable on the (e.g., Schmidt et aR017 Figure 12). The resulting unconsoli-
basis of analysis using the HAMO-based digital terrain model dated, lobate to fan-shaped deposits form hummocky to smooth-
(DTM), it differs substantially from our interpretation. This textured surfaces. Oinitial survey shows thahese linear scarps
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talus and lobate deposits formed, including mass-wasting of
wall material close to the tear points. Bright material is exposed
along the upper pole-facing slope of the failed rim and is

partially intermixed within lobate deposits on its upper slope,

where water-ice signatures were detected.

The rectangular scarp upslope of Oxo crater consists of the
7.7km long main scarp and its bounding secondary scarps.
Their formation is a consequence of mass-wasting that
occurred after or was triggered by Oxaim failure. Either
way, the deposition of collapsed material is aoed to the area
de ned by the scarps and the displaced rim seg(aetlikely
partially burying i} (Figure5). Lobate deposits are observed
along the secondary scarps. The bright material detected in
multiply scattered light within the main scapshadow may
also be associated with lobate deposits akin to those observed
at the lower rim segmeffEigure9) where water-ice absorption
bands are detected in VIR data by Combe e{28116 and in
the present work. Exposures of water-ice along pole-facing
slopes suggest lower sublimation rates due to a weaker solar
irradiance compared to Sun-facing oat surfaces. Typical
maximum surface temperatures at the latitude of Oxo are about
210 K (Hayne & Aharonsor2015, which is consistent with
those values derived when using the thermal removal approach
of Clark et al.(2011). According to Landis et al(2017
exposed surface ice only remains brigktblimation lag
formatior) for a period of a few years. The bright carbonate
outcrops on the upper wall and the bright carbonate ejecta
material of Oxo have likely already lost most or all of any pre-
existing water-ice.

We expect that the water-ice at Oxo originates from early
Figure 10. 3D anaglyph of Oxo crate(A) and (B) show Oxo at different ~ Ceres after its differentiation. Ceres formed a rocky core of
mnzgnt_i ;gt‘i&nS-sTnhe anaglylpf: iz_cfeaffei gg&fshir';% C":ﬂtf-i_frfl‘aﬁefl Gﬁ-ﬁgll hydrated silicates and an ice-rich outer stely., McCord &

i i . - - ; ; ;
?requen’cy stetlj'eo%ata.oﬁ?e vaert:JcSaIc()axaggeration is g.l.e an et e " Sotin 2005 Park (_3'[ aI._201©. Water_lce IS ur.]Stable.on the
surface of Ceres; it rapidly sublimates, especially at its equator
(Hayne & Aharonson2015. However, in the subsurface,
water-ice is more stable over time, especially with increasing
develop when an impact crater is formed on a pre-existing cratedepth and latitud€Titus 2015, and it may be stable at the
rim or ridge(Figures12(C)—J)). A qualitative assessment suggests surface near the poles. Thus, we can assume that between an
that crater wall failure is initiaiewhen the transient cavity fully ice-depleted near-surface layer and deeper subsurface regions a
breaches the pre-existing rime.j syn-formation wall failure  transition zone exists at whicluidization and evaporatiofif
(Figures12(C) and(l)). On the other hand, rim failure appears to exposedl of water-ice occurs. In this zone, admixed salts may
be induced when the transient cavity is only tangent to the prefurther lower melting temperatures and remain as residues in
existing rim crest, causing its llzpse toward the pre-existing subsurface regoliffdark material. At their place of deposition,
crater oor (Figures 12(E) and (G)). There are a number of residual salts and residual organic compounds form a
transitional complex and complex craters exhibiting syn- or cementation zone in the layer of hydrated silicate minerals.
post-formation wall collapse, using their typial scalloped rim  This process strengthens the uppermost regolith layer, thereby
outline. One example is the moderately degraded Rao cratecontributing to the development of steeginks. Depending on
(Figurel2(A)). Here a small segment of the eastern wall collapsed.the local composition of the near-surface and subsurface
The failed arc segment is partially preserved as a coherent block omaterial, various aqueolsydrothermal processes are expected
the crater oor. It travelled a distance of approximately 3:7 to be triggered by impac{ge.g., Howard et aR005 Mangold
0.1 km (in plane view with a drop height of about 1.4 km. et al. 2012 Irwin 2013 Newsom et al.2015. Subsequent

The collapse history at Oxo crater is even more complex.impacts will lead to new phenomena depending on the ice-
The southeastern crater rim of Oxo, spanning nearly half thecontent in the impact area and its topograftigward 1990.
diameter, failed and slipped downslope toward the center of the Oxo is located in an old impact crater named Duginavi that is
crater oor. The connement of the steep crater walls inhibited heavily degraded. This large impact has likely exposed much of
sliding along a listric fault plane closer to the cratarenter. the presumed subsurface ice in the past, and thus has led to
The estimated plane-view offset and drop height are41.1 subsequent depletion of water-ice in exposed and near-surface
0.1km and approximately 0.4 km, respectivéRigure 5). layers. Later on, several intermediate-size impactors crashed into
Although the failed rim segment appears intact, it did the old crater, further contributing to the process of water
experience fracturing, as evidenced by the presence of faultslepletion. The irregular crater walls, collapses, awl features
and ridgeqFigure 5(D)). At the end points of the failed rim, associated with medium-sized craters within Duginavi indicate




THE ASTRONOMICAL JOURNAL, 154:84(13pp, 2017 September Nathues et al.

357°E 358°E

43°N

43°N

42°N
42°N

358°E 359°E 0° 1°E 2°E

o  1F 3 - |, OF 3
] ¢ g: == M2CND, 500 iters 7 [ ,? g: == M2CND, 500 iters 7
IE-RIS 2 29ir —

~B B oL ] B8 o ]

“38if 2 1 °s8if o .
v Osp 7 v 050 3

18 31 63 125 250 S00 1km 2 4 8 16 32 64 16 31 63 125 250 500 tkm 2 4 8 168 32 64
10° T T T 10°F T T T
O plott, area=3.21x10° km* & \ O plott, area=3.21x10° km*
B 4 craters, N(1)=1.10x10° km* 0 r 8- 4 craters, N(1)=1.1010° km® 7§
L 10'E ) E . 10°F 1
E \ £
X \ 2 1 \
" \ +100, . 10F 3
g A\H190 7 ka [h ) \
) 2 (] 0 \ +100,
3 E - \
g 10 0 05 1Ma ?'; 0 u190-70 ka ﬂh 3
= £
o g 10°F 0 05 1Ma 1
B o
5] S
2 10°F E s 10°F 1
L] 13
2 5 10°F 1
3 E
o a
10*F E 107 F 3
PF: Ceres, Hiesinger et al. (2016) 3 PF: Ceres, Hiesinger et al. (201 6)
CF: Ceres, Hiesinger et al. (2016) 107 F  cF: Gores, Hissinger st al. (2016) 3
10° 1 N 1 10° I L) I
10® 10" 10° 10' 10° 10? 10" 10° 10' 10°
Diameter, km Diameter, km

Figure 11. Crater-based model age for the formation of Oxo crater. The upper panel shows the outline of the courfiimblaggavhich is solely conned to
proximal to medial ejecta material. Onlye craterqred outling are found to be superimposed on the ejecta. The cratefreig@ency distribution, as shown in
reverse cumulativower lef) and differentialower righ) graphs plotted against binned crater diameters, yields a model age of (190400 ka;S70 kg. The
panels above the graphs represent the randomness analysis using the method of the mean distance to the second cldséishaelgitbair2012).

that surface mobility remained: the crater walls must still hold 7. Conclusion
signi cant amounts of water-ice. We found that Oxo is
predestined to show water-ice beca{i3ahe scarps are located
r h X0 and i r ntaining water-ice ar = N .
\e/lttar%/‘i/?)tu(:]zr.)tTr?er(f;rcl;oggedc;itseﬁ gfs t?\% tba;ightgupg:aer v\(/:;"zﬁddepth 0fS4802 m below the reference ellipsoid and t.hus is one
ejecta is also an indication of past hydrous reactions. They?f the lowest-lying surfaces in the northern hemisphere of
remained after impact, whilegtwater-ice sublimated away. Ceres. Its depth and young age of only 190(ka +100 ka,
Re ectance, spectral shape, and geological setting of the> 70 k3 favor the presence of .near—surface water-ice, which is
bright sites at the lobate deposf{t#1 and #2 in Figure 6) exposgd at two Iobate (_jeposn; on poIe—facm_g scarps. Waf[er
imply a mixture of different amounts of water-ice with depletion at these sites is ongoing. The water-ice-rich material
carbonates contaminated with some background material. AfteBhows prominent absorption bands &t.5 and 2.0um and
excavation of the ice, the sublimation process could haveabsolute reectances of about 0.1 at 0.pB. Ejecta and upper-
generated voids or weakened formerly ice-rich materials,wall bright material show a clear3.9um carbonate feature
leading to or enhancing collapses at Qxariginal south-  coupled with absolute rectances higher than those of the
ern wall. water-ice-rich material, leading to the conclusion that these

Oxo is a transitional complex crater ofd km diameter
located at the rim of a larger, older crater. @xwor is at a
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Figure 12.Crater rim collapse features on CeresBA12 km diameter Rao crater in the cledter image 47,688A) and as a 3D anaglydB). A small segment of
the eastern rim of Rao collapsed. The arcuate block located ondhé&avelled for a distance of 3.7 Kplane view; the drop height is about 1.4 km. The anaglyph
is composed of FC images 47,688 and 68,791; the vertical exaggeration is 2.6. Stereographic projection ce2t¢t¢tlatBE. G-D: 8 km diameter Braciaca
crater(C) formed on a low-relief ridgéD). The northeastern rim collapsed, forming a linear head{oain scarp The collapsed material fully disintegrated,
forming a hummocky deposit with boulders on its surface; the deposit can be traced from theocraterthe base of the scarp. Similarly, a portion of the
southeastern rim segment collapsed. FC image 64s6dr@ographic projection centered &t728/84°40; B). E-F: The 9.9 km diameter crat@mper crater in E and
F) has a modied rim outline as the result of its formation on two pre-existing crater+rarsmaller 8.8 km diameter craflabel #1) causing failure of its northern
rim and a larger 15.3 km diameter crater, where a larger rim collapse occurred with an approximately linear headscarp. In the latter casedis$integrteed|
forming a well-developed landslide deposit. Spreading of the deposits at its distal reaches is the result ohéheenbof the crateroor. FC image 66,267
(stereographic projection centered &t4B/86°3 E). G-H: A similar setting to that shown inHE where the younger, 10.2 km diameter crater formed on the rim of
the pre-existing 12.6 km diameter crater. FC image 53gt88eographic projection centered &tHR/56°3 E). [-J: A similar setting to that shown in-H where a
9.5 km diameter crater formed on the pre-existing 10.2 km diameter crater. Here, however, the rim failure occurred tawarf the younger crater. FC image
57,399(stereographic projection centered al®2R|/166°4 E). K-L: Large failure of a rim segment of Kupalo cratdiameter: 26 kinprobably triggered by the
formation of the 20 km diameter Juling crater. The linear headscarp is about 14.1 km long; the northern secondary scarp has a similar extemt.ihNgiane vie
several collapse features with the landslide deposit. FC mosaic in stereographic projection cent&te®/ 57132 E.
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