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a b s t r a c t 

We studied the distribution in the Urvara–Yalode region of Ceres (latitudes 21–66 °S, longitudes 180–

360 °E) of main spectral parameters derived from the VIR imaging spectrometer onboard the NASA/Dawn 

spacecraft, as an overall study of Ceres mineralogy reported in this special issue. In particular, we ana- 

lyzed the distribution of reflectance at 1.2 μm, band depth at 2.7 and 3.1 μm, ascribed to magnesium and 

ammoniated phyllosilicates, respectively. 

Whereas the average band depths of this region are lower than eastern longitudes, reflecting the E-W 

dichotomy of abundance of phyllosilicates on Ceres, spectral variations inside this region are observed in 

the following units: (a) the central peak of the Urvara crater (45.9 °S, 249.2 °E, 170 km in diameter), show- 

ing a deep 3.1 μm band depth, indicating an ammonium enrichment; (b) the cratered terrain westwards 

of the Yalode basin (42.3 °S, 293.6 °E, 260 km in diameter), where absorption bands are deeper, probably 

due to absence of phyllosilicates depletion following the Yalode impact; (c) the hummocky cratered floor 

of Yalode and Besua (42.4 °S, 300.2 °E) craters, characterized by lower albedo and band depths, probably 

due to different roughness; (d) Consus (21 °S 200 °E) and Tawals (39.1 °S, 238 °E) craters, whose albedo 

and band depths decreasing could be associated to different grain size or abundance of dark materials. 

Twenty-two small scale (i.e., lower than 400 m) bright spots are observed: because their composition is 

similar to the Ceres average, a strong mixing may have occurred since their formation. 

© 2017 Elsevier Inc. All rights reserved. 
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. Introduction 

NASA’s Dawn mission has orbited (1) Ceres since March 2015

 Russell and Raymond, 2011 ), improving our knowledge of the

warf planet. Dawn has taken color and imaging data by means

f the Framing Camera (FC) ( Sierks et al., 2011 ), spectra and hy-

erspectral images by means of the Visible and InfraRed map-

ing spectrometer (VIR) ( De Sanctis et al., 2011 ), elemental maps

y means of the Gamma Ray and Neutron Detector (GRaND)

 Prettyman et al., 2011 ), as well as radio science data. 

Ceres is a dark object, with an average reflectance at 30 °
hase of 0.03 at 0.55 μm ( Ciarniello et al., 2017 ) and 0.75 μm

 Longobardo et al., 2017 ). The spectroscopic analyses performed
∗ Corresponding author. 

E-mail address: andrea.longobardo@iaps.inaf.it (A. Longobardo). 
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ith the VIR instrument suggest an average composition of

agnesium-rich and ammoniated phyllosilicates, magnesium car- 

onates and a dark material ( De Sanctis et al., 2015 ): the ab-

orption bands in reflectance spectra centered at 2.7 μm (hydra-

ion band of phyllosilicates), 3.1 μm (ammonium), 3.4 and 3.9 μm

mainly Mg-carbonates) have been detected across the entire sur-

ace ( Ammannito et al., 2016 ). 

However, some regions deviate from Ceres’ average spectral

ehavior. Several bright spots, i.e. areas with an albedo at least

0% larger than their surroundings, have been detected on the

eres surface ( Stein et al., 2017; Palomba et al., 2017a ). Whereas

ost of them show spectral signatures similar to the Ceres av-

rage, some bright spots are spectrally peculiar. In particular, the

eflectance at 0.55 μm of Cerealia Facula and Vinalia Faculae, lo-

ated inside the Occator crater (20 °N 240 °E), reaches values up to

.26 ( De Sanctis et al., 2016 ), and their spectra are characterized

y a deepening and a longward shift of the 2.7, 3.4 and 3.9 μm

https://doi.org/10.1016/j.icarus.2017.12.011
http://www.ScienceDirect.com
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Fig. 1. Location of the Urvara and Yalode quadrangles on Ceres. 
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bands. These behaviors have been ascribed to a Na-carbonate en-

richment and to occurrence of Al-phyllosilicates (instead of Mg-

ones) ( De Sanctis et al., 2016; Palomba et al., 2017a ). Spectropho-

tometric behavior of the faculae suggests different physical prop-

erties of the regolith, such as grain size ( Longobardo et al., 2017 ;

Raponi et al., 2017a; Stephan et al., 2017 ). A few bright spots, when

observed at low/intermediate ground resolution, show a spectral

behavior intermediate between the Occator faculae and the Ceres

average (e.g., Oxo crater, 43 °N 360 °E), suggesting a possible evo-

lution of bright spots from the Occator family (the youngest fea-

tures) to typical bright spots ( Palomba et al., 2017a ). In fact, de-

tailed analysis of the carbonates distribution and composition in-

dicate that most of the bright areas are comprised of Na-carbonate

( Carrozzo et al., 2017a ). 

Other variations across the Ceres surface are indicated by the

3.4 μm band, consisting of an overlapping of absorptions due to

different carriers. In this regard, the most peculiar region is Ernutet

(52 °N, 45 °E), where the deepening of this band has been ascribed

to the occurrence of organics ( De Sanctis et al., 2017a ). 

The division of the Ceres surface into fifteen quadrangles has al-

lowed more detailed study of the dwarf planet, characterizing also

small-scale features, from both geological ( Williams et al., 2017a )

and mineralogical ( McCord and Zambon, 2017 ) points of view. 

This paper is focused on the spectral and mineralogical map-

ping of the Urvara and Yalode quadrangles, spanning longitudes

from 180 ° to 270 °E and from 270 °E to 360 °E, respectively, with

both located at latitudes from 21 °S to 66 °S ( Fig. 1 ). 

The two quadrangles are named after their most prominent

features, i.e., the Yalode (42.3 °S, 293.6 °E, 260 km in diameter)

and Urvara (45.9 °S, 249.2 °E, 170 km in diameter) craters, the sec-

ond and third largest basins on Ceres, respectively, after Kerwan

(11 °S, 124 °E, 280 km in diameter, Williams et al. (2017b), Palomba

et al. (2017b) ). The Urvara crater is morphologically heterogeneous,
 V  
haracterized by a central peak, a terrace and smooth material,

ocated in the southern and northern parts of the crater, respec-

ively ( Crown et al., 2017 ). The Yalode crater is instead more de-

raded and geologically uniform. Small craters are superimposed

n these two basins, indicating more recent events, i.e., Tawals

39.1 °S, 238 °E) on the Urvara crater and Lono (36.7 °S, 304.3 °E) and

esua (42.4 °S, 300.2 °E) on Yalode ( Crown et al., 2017 ). The Urvara

nd Yalode material and ejecta cover most of the quadrangles’ area,

xcept for the western region of the Urvara quadrangle (i.e., longi-

udes westwards than 210 °E) and the eastern regions of the Yalode

uadrangle (i.e., longitudes eastwards than 350 °E), corresponding

o old, cratered terrains ( Crown et al., 2017 ). Several craters are

ound in these terrains: Consus (21 °S, 200 °E), Meanderi (40.9 °S,

93.7 °E) and Fluusa (31.5 °S, 177.9 °E) in the Urvara quadrangle, and

elun (33.7 °S, 356.3 °E), Mondamin (63.0 °S, 353.6 °E) and Tibong

29.8 °S, 352.2 °E) in the Yalode quadrangle. According to the geo-

ogical evolution inferred by Crown et al. (2017) , the cratered ter-

ains formed first, then the Yalode and Urvara impact took place

1.1 Ga and 120–140 Ma ago, respectively, according to the lunar-

erived model (Hiesinger et al., 2016)), followed by the small im-

act craters superimposed on the two basins. 

From VIR data ( Section 2 ), we extracted spectral parameters

 Section 3 ) and built spectral maps ( Section 4 ). The mineralogical

nalysis of the main features is discussed in Section 5 , and conclu-

ions are summarized in Section 6 . 

. Data 

The VIR imaging spectrometer is composed of an optical head,

ncluding a visible (0.2–1 μm, sampling 1.8 nm) and an infrared

1–5 μm, sampling 9.8 nm) channel ( De Sanctis et al., 2011 ). The

IR products are hyperspectral images, i.e., bi-dimensional spatial
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Fig. 2. Map of 1.2 μm reflectance at 30 ° phase of the Urvara quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no 

VIR coverage or excluded data. The white circle encloses the Urvara peak. 
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mages acquired simultaneously at 864 wavelengths (432 per chan-

el). 

VIR spectra have been calibrated in radiance factor I/F (in

he following, we will consider the terms radiance factor, I/F

nd reflectance as synonymous), according to the procedure by

ilacchione and Ammannito (2014) . Spectral artifacts were re-

oved by building an artifact matrix, given by systematic spec-

ral residuals with respect to the spectrum averaged on a single

cquisition ( Carrozzo et al., 2016 ). Spectra were then modeled as a

um of a reflected and thermally emitted signal, in order to remove

he latter ( Raponi et al., 2017b ). Finally, the application of Hapke’s

odel ( Hapke, 2012 ) to VIR data ( Ciarniello et al., 2017 ) allowed

or obtaining photometrically corrected spectra. 

Coherently with mineralogical mapping of other quadrangles,

e considered VIR data acquired from a spacecraft altitude of

1470 km during the High Altitude Mapping Orbit (HAMO), last-

ng from 17 August to 23 October 2015. These data guarantee

oth a good spatial coverage and spatial resolution (i.e. 360–

00 m/pixel). We also studied the small-scale bright spots included

n the two quadrangles, by means of high spatial resolution data

i.e. 90–110 m/pixel), acquired during the Low Altitude Mapping

rbit (LAMO) from a spacecraft altitude of ∼385 km. 

However, we do not have full coverage of the two quadrangles,

ecause we removed from our dataset all observations acquired

nder incidence angles larger than 70 °, where the influence of il-

umination conditions is not perfectly removed. Because the south-

rn quadrangles are often observed under unfavorable illumina-

ion conditions, some areas cannot be analyzed, and in some cases

esidual photometric effects are observed even in the selected data.

. Tools 

The mineralogical analysis is based on reflectance at 1.2 μm,

and depth at 2.7 μm and band depth at 3.1 μm, corrected at a
hase angle of 30 °. Band depths were calculated as 1 − R c / R con ,

eing R c and R con the measured reflectance and the continuum at

he band center (i.e., the band minimum after the continuum re-

oval) wavelength ( Clark and Roush, 1984 ). Continua are defined

s straight lines, as described in detail by Frigeri et al. (this issue).

he centers of these bands do not vary in these quadrangles (and

n general on the Ceres surface, except for a few locations), and for

his reason, are not shown. 

Band depths at 3.4 and 3.9 μm also have a uniform distribu-

ion on Ceres, except for some areas corresponding in most cases

o bright spots and carbonate enrichments ( Carrozzo et al., 2017b;

alomba et al., 2017a ). We will discuss these cases for regions in-

ide the Urvara and Yalode quadrangles. 

. Global maps 

The Urvara quadrangle maps of reflectance at 1.2 μm, band

epth at 2.7 μm, band depth at 3.1 μm and RGB color, where each

olor is associated to a spectral parameter, are shown in Figs. 2–5 ,

espectively, whereas the same spectral parameters are mapped on

he Yalode quadrangle in Figs. 6–9 , respectively. All the maps are

uperimposed on the Framing Camera mosaic, and the main geo-

ogical features of the quadrangles are highlighted. 

An increasing North-South gradient of values of reflectance and

and depth at 3.1 μm is observed, due to residuals of photo-

etric correction. For this reason, we do not compare values of

hese spectral parameters with equatorial and Northern quadran-

les, but only among the Southern quadrangles (i.e. Sintana, To-

aru, Urvara and Yalode) observed at very similar illumination

onditions. 

Whereas reflectance does not show variations from western

Sintana and Toharu) to eastern (Urvara and Yalode), the two ab-

orption bands are, on average, deeper on the western quadran-

les ( De Sanctis et al., 2017b ). The same east-west dichotomy is
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Fig. 3. Map of band depth at 2.7 μm of the Urvara quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no VIR coverage 

or excluded data. The white circle encloses the Urvara peak. 

Fig. 4. Map of band depth at 3.1 μm of the Urvara quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no VIR coverage 

or excluded data. The white circle encloses the Urvara peak. 
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Fig. 5. RGB color map of the Urvara quadrangle, where red, green and blue correspond to reflectance at 1.2 μm, band depth at 2.7 μm and band depth at 3.1 μm, respectively. 

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 6. Map of 1.2 μm reflectance at 30 ° phase of the Yalode quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no 

VIR coverage or excluded data. 
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Fig. 7. Map of band depth at 2.7 μm of the Yalode quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no VIR coverage 

or excluded data. 

Fig. 8. Map of band depth at 3.1 μm of the Yalode quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray indicates no VIR coverage 

or excluded data. 
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Fig. 9. RGB color map of the Yalode quadrangle, where red, green and blue correspond to reflectance at 1.2 μm, band depth at 2.7 μm and band depth at 3.1 μm, respectively. 

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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bserved also at equatorial latitudes with band depths decreasing

rom Kerwan ( Palomba et al., 2017b ; longitudes 72–144 °E) to Oc-

ator quadrangle ( Longobardo et al., 2017 ; longitudes 216–288 °E).

hile at equatorial latitudes, the band depth change corresponds

o a topographic variation ( Carrozzo et al., 2017a ), observed in the

awish quadrangle (longitudes 144–216 °E), there is no abrupt to-

ographic change at southern latitudes, suggesting that the di-

hotomy is due to a different Mg- and ammoniated phyllosilicates

bundance, regardless of altitude. 

The slight reflectance variations within each quadrangle are not

orrelated with particular features. However, many bright spots,

ostly associated to craters, are observed at small scale (i.e. LAMO

esolution) and are discussed in Section 5.7 . 

The distribution of band depths in the Urvara quadrangle is also

ncorrelated with geology, with cratered terrains not recognizable

rom spectral maps. 

On the contrary, large-scale geological units emerge from spec-

ral maps of the Yalode quadrangle. 2.7 μm and 3.1 μm bands

re deeper in correspondence with old, cratered terrain, indicat-

ng that the impact generating Yalode probably caused a phyllosili-

ates depletion. An alternative explanation would be that the grain

ize changed as a consequence of the impact. However, we would

xpect that grain size homogenizes with time and Ceres craters

ounger than Yalode do not show grain size differences with re-

pect to surroundings ( Stephan et al., 2017 ), therefore this hypoth-

sis is unlikely. 

Hummocky floor material is another geological unit detectable

n spectral maps. It is observed in the Yalode and Besua craters

nd is characterized by a lower albedo and shallower bands. This

ehavior could be related to the change of roughness in these ter-
ains. p
. Main features 

The geological and mineralogical features are analyzed in this

ection. However, a detailed mineralogical analysis of several

raters (Lono, Mandanin, Tobung, Fluusa) is not possible due to the

ack of VIR coverage. 

.1. Urvara 

Urvara crater (46 °S–149 °E, 170 km diameter) dominates the

orphology of the region. Looking at the morphology of the ter-

ain, this crater has a north-south dichotomy with the north dom-

nated by smooth material while the south is made by rough sur-

aces ( Crown et al., 2017 ). 

Spectral parameters, however, do not follow this behavior. The

lbedo of the floor is brighter than the average of the region. Such

 high albedo region, however, is not correlated with the geologi-

al units. The phyllosilicates and ammonium bands, respectively at

.7 and 3.1 μm, are generally correlated with the east side having

ower values than the west, although there is a positive anomaly

n the ammonium content (higher values of 3.1 μm band) on the

eak of the crater ( Fig. 10 ). 

The peak of Urvara is, in fact, the region with the higher con-

ent of ammonium within the entire surface of Ceres. It is inter-

sting to note that Urvara is the crater that hosts the lowest topo-

raphic terrain on Ceres ( Park et al., 2016 ), and that might be cor-

elated with the concentration of ammoniated material, although

his correlation is not valid everywhere on Ceres. In analogy with

ther craters (e.g., Raponi et al., 2017a ; Singh et al., 2017 ; Tosi

t al., 2017; Zambon et al., 2017 ), the ejecta have shallower bands,

articularly in the north-east direction. 
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Fig. 10. Continuum-normalized spectra of the Urvara floor (black) and peak (red) 

in the 2.6–3.2 μm spectral range. (For interpretation of the references to color in 

this figure legend, the reader is referred to the web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. I/F (top) and continuum-normalized (bottom) spectra of Besua floor and 

ejecta. 
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5.2. Yalode 

The large Yalode basin, centered at 42.3 °S 293.6 °E, does not

show distinctive spectral signatures with respect to surroundings.

This is because of its old age (1.1 Ga, Crown et al., 2017 ), and there-

fore a strong degradation and consequent mixing occurred in this

region. The only mineralogical variations are found in correspon-

dence of the hummocky area of the floor, characterized by a differ-

ent roughness as discussed in Section 4 , and of the internal, small

Besua crater, discussed in sub- section 5.5 . 

Yalode is, on average, darker than Urvara. However, its

ejecta, covering the southern region of the Occator quadrangle,

show the opposite trend being brighter than the Urvara ones

( Longobardo et al., 2017 ). Reflectance differences are, however,

small (reflectance is always comprised between 0.03 and 0.04),

and are not associated to differences in band depth (except for

the ammonium excess in the Urvara floor). A plausible explana-

tion is that ejecta reflected the original spectral properties of the

subsurface of the two regions, whereas the floors were affected by

events during and post-impact (e.g., formation of central peak or

hummocky terrains) which changed slightly their composition and

physical roughness. 

5.3. Consus 

The Consus crater is located at 21 °S 200 °E between the Urvara

and Nawish quadrangles ( Carrozzo et al., 2017b ). It is character-

ized by a low albedo and shallow bands with respect to surround-

ings. This could indicate both a larger abundance of dark mate-

rial and coarser grains. The latter hypothesis is however unlikely,

since grain size variations are observed on Ceres on young features

( Stephan et al., 2017 ), whereas Consus is in the oldest region of the

quadrangle. 

Consus also hosts an internal crater (21 °S 204 °E), showing op-

posite behavior (it can be observed in the northern boundary of

Figs. 2–4 ), i.e., larger reflectance and deeper bands. However, it is

a different geological unit and is characterized by the occurrence

of a carbonate deposit ( Carrozzo et al., 2017b ), changing its spec-

tral properties. 

5.4. Tawals 

The Tawals crater (39.1 °S, 238 °E) is located in the northern rim

of the Urvara crater. As Consus, it shows both low albedo and shal-
ow bands. This is common behavior among Ceres craters younger

han 500 Ma and is generally ascribed to formation of coarse grain-

ized material following the impact ( Stephan et al., 2017 ). As well,

e could not discard a larger abundance of dark material in this

rater. 

.5. Besua 

The Besua crater (42.4 °S, 300.2 °E) is located inside the Yalode

asin. Its floor and its ejecta are spectrally different: whereas low

eflectance and band depths are observed inside the crater, the

astern ejecta are brighter and showing deeper bands ( Fig. 11 ). This

s not common behavior among Ceres craters. 

The Besua floor is hummocky, and its spectral behavior is sim-

lar to hummocky floor material of Yalode, and hence ascribed

o a different roughness. The NH4- and OH- rich material in the

jecta may instead reflect the original subsurface composition, in

greement with larger abundance of these compounds predicted

n the Ceres subsurface (e.g., Stephan et al., 2017 ; Carrozzo et al.,

his issue). 

.6. Meanderi and Belun 

Meanderi (40.9 °S, 193.7 °E) and Belun (33.7 °S, 356.3 °E) are lo-

ated in the cratered terrain of the Urvara and Yalode quadran-

le, respectively. They are not associated with spectral variations,
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Table 1 

List of BS located in the Urvara and Yalode quadrangles, with their corresponding 

coordinates and geomorphological context. 

Quadrangle Latitude Longitude Geological feature 

Urvara 22.5 °S 250.5 °E Crater rim 

Urvara 25.5 °S 187.3 °E Crater rim 

Urvara 36 °S 241.5 °E Crater wall 

Urvara 41 °S 256 °E Crater floor 

Urvara 47.5 °S 251.7 °E Crater floor 

Urvara 51.5 °S 191.5 °E Crater wall 

Urvara 51.5 °S 232.5 °E Crater wall 

Urvara 53 °S 247.5 °E Crater wall 

Urvara 55 °S 185 °E Crater rim 

Yalode 27 °S 310.1 °E Linear feature 

Yalode 27 °S 342.5 °E Crater wall 

Yalode 30.5 °S 302.5 °E Crater wall 

Yalode 31.5 °S 298.5 °E Crater wall 

Yalode 31.5 °S 305.9 °E Crater rim 

Yalode 34 °S 301.7 °E Crater wall 

Yalode 34.3 °S 306 °E Linear feature 

Yalode 36.3 °S 306.7 °E Linear feature 

Yalode 40.5 °S 276.5 °E Crater wall 

Yalode 42 °S 296.4 °E Crater wall 

Yalode 43.5 °S 297 °E Crater wall 

Yalode 48.5 °S 298.3 °E Crater wall 

Yalode 50.5 °S 293.7 °E Crater wall 
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Fig. 12. Scatterplot of 2.7 vs 3.1 μm band depths of BS located in the Urvara (green 

diamonds) and Yalode (blue diamonds) quadrangle. Spectral parameters are moder- 

ately correlated, with a Pearson coefficient value of 0.506. (For interpretation of the 

references to color in this figure legend, the reader is referred to the web version 

of this article.) 
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n agreement with their location in old terrain and with the oc-

urred mixing. 

.7. Bright spots 

During the Dawn mission, many “bright spots” (BS) have been

etected on Ceres (e.g., Stein et al., 2017 ). The prototypes are Ce-

ealia and Vinalia Faculae, characterized by a large amount of Na-

arbonates ( De Sanctis et al., 2016; Raponi et al., 2017a ). On the

asis of the Occator faculae, such bright areas are probably the

esult of phenomena like cryovolcanism ( Russell et al., 2016; De

anctis et al., 2016 ) or hydrothermal activity ( Bowling et al., 2016;

e Sanctis et al., 2016 ). 

Bright spots have been defined by Palomba et al. (2017a) as

roups of pixels having a reflectance at least 30% higher than the

verage of the corresponding hyperspectral image. 

Most of BS of the Urvara and Yalode quadrangles have been de-

ected in LAMO data (spatial resolution of 90–110 m/pixel). 

In the Urvara and Yalode quadrangle, nine and thirteen bright

pots have been identified, respectively. They are listed in Table 1 ,

n addition to their latitude, longitude and geological context. 

On the basis of geomorphological properties, BS can be divided

nto ejecta, crater-associated features (i.e., rim, floor and wall), and

inear features. Most BS of Urvara and Yalode quadrangle are re-

ated to impact craters. 

The mineralogical analysis of these BS is based on band depths

f 2.7 and 3.1 μm spectral features. A scatterplot of 2.7 vs 3.1 μm

and depths of BS located in the Urvara (green diamonds) and

alode (blue diamonds) quadrangle is shown in Fig. 12 . A moder-

te correlation between band depths is suggested by the quite high

alue Pearson coefficient (defined as σ FB / σ F σ B , being σ F , σ B and

FB the variance of the two sets of parameters and their covari-

nce, respectively, and already used in the spectral analysis of

lanetary surfaces, e.g., Palomba et al., 2015 ), i.e. 0.56. This sug-

ests that the occurrence of Mg-phyllosilicates is strictly related

o that of ammoniated phyllosilicates, as observed for the entire

eres surface ( Ammannito et al., 2016 ). According to the definitions

y Palomba et al. (2017a) , these BS’s are “typical BS”, i.e., differing

rom the Ceres average only for the highest reflectance, while the

ther spectral parameters (such as band depths) are similar. This is

n agreement with the overall old age of this Ceres region. 
. Conclusions 

We mapped the distribution of the reflectance at 1.2 μm, band

epth at 2.7 μm and band depth at 3.1 μm of the Urvara and

alode quadrangles, located in the Southern hemisphere of Ceres

from 21 °S to 66 °S), at longitudes 180–270 °E and 270–360 °E, re-

pectively. 

The two quadrangles are named after their two large impact

raters. The spectral and mineralogical properties do not repro-

uce the geomorphology of these craters, even if two internal units

how distinctive spectral signatures. The Urvara crater peak is char-

cterized by the deepest 3.1 μm band of Ceres, reflecting an excess

f ammoniated materials. Because Urvara is the lowest topographic

errain of Ceres, this might indicate a larger abundance of these

aterials in the Ceres subsurface. The hummocky floor of Yalode

hows low values of both reflectance and band depths, probably

ecause of different roughness: this behavior is observed also on

he hummocky floor of Besua crater. 

Decreasing reflectance and band depth in correspondence with

onsus and Tawals craters is observed, as in other quadrangles of

eres (e.g., Stephan et al., 2017 ), and ascribed to coarser grain size

Tawals) or abundance of dark materials (Consus). 

The overall mineralogy of the Urvara-Yalode region is character-

zed by band depths shallower than the eastern quadrangles at the

ame latitudes, reflecting the E-W dichotomy of Ceres ( Ammannito

t al., 2016 ), and by spectral behaviors which could be explained

y the old age of this region, i.e.: a) no spectral parameter varia-

ions in correspondence with most craters (e.g., Yalode, Meanderi,

elun); b) occurrence of 22 bright spots having spectral properties

imilar to the Ceres average, indicating a strong mixing. Mineralogy

s uncorrelated with geology in the Urvara quadrangle (a common

ehavior among asteroids, e.g., Longobardo et al., 2015 ), whereas in

he Yalode quadrangle, band depths are larger in the old, cratered

errain, probably because of phyllosilicate depletion caused by the

alode impact. 
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