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a b s t r a c t 

We present an analysis of the areal distribution of spectral parameters derived from the VIR imaging 

spectrometer on board NASA/Dawn spacecraft. Specifically we studied the Occator quadrangle of Ceres, 

which is bounded by latitudes 22 °S to 22 °N and longitudes 214 °E to 288 °E, as part of the overall study 

of Ceres’ surface composition reported in this special publication. The spectral parameters used are the 

photometrically corrected reflectance at 1.2 μm, the infrared spectral slope (1.1–1.9 μm), and depths of 

the absorption bands at 2.7 μm and 3.1 μm that are ascribed to hydrated and ammoniated materials, 

respectively. 

We find an overall correlation between 2.7 μm and 3.1 μm band depths, in agreement with Ceres global 

behavior, and band depths are shallower and the spectral slope is flatter for younger craters, probably 

due to physical properties of regolith such as grain size. Spectral variations correlated with the tali ge- 

ological unit also suggest differences in physical properties. The deepest band, indicating enrichment of 

ammoniated phyllosilicates, are associated with ejecta generated by impacts that occurred in southern 

quadrangles. 

The most peculiar region of this quadrangle is the Occator crater (20 °N 240 °E). The internal crater area 

contains two faculae, which are the brightest areas on Ceres due to exposure of sodium carbonates, and 

by two types of ejecta, dark and bright, with different spectral properties, probably due to different for- 

mation, evolution or age. 

© 2017 Elsevier Inc. All rights reserved. 
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. Introduction 

The Dawn/NASA mission is orbiting around Ceres since April

015 ( Russell and Raymond, 2011 ), and is taking color and hyper-

pectral images by means of the Framing Camera (FC) ( Sierks et al.,

011 ) and the Visual and InfraRed spectrometer (VIR) ( De Sanctis

t al., 2011 ). 

Dawn revealed a homogeneously dark body, with an average re-

ectance at standard geometry (incidence and phase angle of 30 °,
mission angle 0 °) of 0.03 at 0.55 μm ( Ciarniello et al., 2017; Lon-

obardo et al., 2017a ). However, many bright spots are found on

ts surface ( Stein et al., 2017; Palomba et al., 2017 ). The brightest

nes, i.e. Cerealia and Vinalia Faculae ( Stein et al., 2017; De Sanc-
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E-mail address: andrea.longobardo@iaps.inaf.it (A. Longobardo). 

o  

t  

c

ttps://doi.org/10.1016/j.icarus.2017.09.022 
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is et al., 2016 ), are observed in the Occator crater (20 °N, 240 °E):

heir 0.55 μm reflectance at standard geometry reaches values up

o 0.26 ( De Sanctis et al. 2016 ). 

Ceres’ surface composition is quite homogeneous, and consists

f a mixture of ammoniated phyllosilicates, Mg-carbonates and

ark materials ( De Sanctis et al., 2015 ). The absorption bands as-

ociated with these materials, as revealed by the VIR spectrome-

er, are centered at 2.7 μm (related to phyllosilicates), 3.1 μm (due

o NH 4 ), 3.4 μm and 4.0 μm, both due to carbonates ( De Sanctis

t al. 2015 , 2016 ); dark materials are instead spectrally featureless.

mmannito et al. (2016) showed a moderate correlation between

and depths at 2.7 μm and 3.1 μm, indicating a widespread distri-

ution of ammoniated phyllosilicates. As suggested by distribution

f band depths, the abundance of these components is higher in

he Southern Hemisphere and in the part of the equatorial region

entered on the Kerwan crater (10 °S, 123 °E). 

https://doi.org/10.1016/j.icarus.2017.09.022
http://www.ScienceDirect.com
http://www.elsevier.com/locate/icarus
http://crossmark.crossref.org/dialog/?doi=10.1016/j.icarus.2017.09.022&domain=pdf
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Some localized regions show deepening of bands at 3.4 μm

and 4.0 μm, which has been interpreted as carbonate enrichments

( De Sanctis et al., 2016; Carrozzo et al., 2017 ). Moreover, the long-

ward band center shift of these bands indicated occurrence of Na-

carbonates in addition to (or instead of) Mg-carbonates ( Carrozzo

et al., 2017; Palomba et al., 2017 ). 

The 3.4 μm band can be affected by other carriers, too. This is

evident in the Ernutet crater (52 °N, 45 °E), where the 3.4 μm band

is deeper than expected, and has been ascribed to the occurrence

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

The two Occator faculae are other peculiar regions due to their

high albedo. They show a composition dissimilar from the rest of

Ceres, with different types of phyllosilicates (Al-phyllosilicates in-

stead of Mg- ones) and carbonates (Na-carbonates instead of Mg

one), as well as with different relative abundance among compo-

nents ( De Sanctis et al., 2016; Palomba et al., 2017; Raponi et al.,

2017a ). 

In order to obtain more detailed information about Ceres, its

surface has been divided into 15 quadrangles ( Williams et al., 2017 ;

McCord and Zambon, 2017 ), which are currently being analyzed

from both geological and mineralogical points of view. 

This work focuses on the mineralogical mapping of the Oc-

cator quadrangle, spanning from latitude 22 °S to 22 °N and from

longitudes 216 °E to 288 °E. This quadrangle is geologically varie-

gated ( Buczkowski et al., 2017 ). It is characterized by recent craters,

superimposed on old cratered terrain, i.e. Occator (20 °N 240 °E),

Azacca (6 °S 219 °E), Lociyo (6 °S 228 °E), and Nepen (7 °N 222 °E).

Terrains at southern latitudes (i.e. below 10 °S) and at eastern lon-

gitudes (i.e. eastward of 270 °E) of the quadrangle include ejecta

coming from impact generating the Urvara and Yalode craters,

located in the homonymous quadrangles southward of Occator

( Longobardo et al., 2017b ). 

From the data described in Section 2 , we extracted the spectral

parameters defined in Section 3 and mapped them on the quad-

rangle area ( Section 4 ). Section 5 focuses on particular features of

the quadrangle and in Section 6 conclusions are given. 

2. Data 

Here we use data from the Visible and InfraRed (VIR) map-

ping spectrometer. The instrument is characterized by a single op-

tical head, including a visible (0.2–1 um) and an infrared (1–5 um)

channel. The spectral sampling is 1.8 nm for the visible and 9.5 nm

for the infrared channel ( De Sanctis et al. 2011 ). VIR products are

hyperspectral images, i.e. bi-dimensional spatial images (the two

dimensions are referred to as samples and lines) acquired simulta-

neously at different wavelengths. 

All the VIR spectra considered in this work have been calibrated

in reflectance ( I/F ) ( Filacchione and Ammannito, 2014 ), then proce-

dures to remove spectral artifacts ( Carrozzo et al. 2016 ) and the

thermal emission ( Raponi et al., 2017a ) have been applied. Spec-

tral artifacts were recognized and removed by obtaining an arti-

facts matrix, given by the residual of the spectrum extracted from

each sample with respect to the sample average. The thermal con-

tribution is removed by modeling the spectrum as the sum of a so-

lar reflected radiance contribution and a Planck function, and then

by subtracting the latter. 

Two approaches of photometric corrections have been adapted

onto VIR data ( Ciarniello et al. 2017; Longobardo et al.,

2017a ), giving similar results. The photometric correction by

Ciarniello et al. (2017) is obtained by applying the Hapke’s model

( Hapke, 2012 ) and is considered in this work. Moreover, the study

by Longobardo et al. (2017a) , based on a semi-empirical approach,

demonstrated that the phase function of the Ceres average gives

reliable results even when applied in the brightest spots of the sur-

face, such as the Occator faculae. 
The Dawn mission on Ceres is divided in different stages,

haracterized by different spacecraft altitude and hence different

IR spatial resolution, i.e. Approach (decreasing altitude and in-

reasing resolution until the orbit stabilization), Rotation Charac-

erization (altitude ∼13,0 0 0 km and resolution ∼3400 m/pixel),

urvey (altitude ∼4400 km and resolution ∼1100 m/pixel); High

ltitude Mapping Orbit (HAMO – altitude ∼1470 km and resolu-

ion 360–400 m/pixel); Low Altitude Mapping Orbit (LAMO – al-

itude ∼385 km and resolution 90–110 m/pixel). In order to ob-

ain both good spatial coverage and spatial resolution, we con-

ider here spectra acquired during the HAMO phase of the mission

 Russell and Raymond, 2011 ). 

. Tools 

The global mineralogy of the quadrangle is studied by means

f the main spectral parameters maps describing the Ceres’ spec-

rum, i.e. reflectance at 1.2 μm and 30 ° phase, strength of absorp-

ion bands at 2.7 μm (due to phyllosilicates) and 3.1 μm (due to

mmonium), and the spectral slope between 1.2 μm and 1.9 μm. 

According to the definition by Clark and Roush (1984) , band

epths were calculated as 1 − R c / R con , being R c and R con the

easured reflectance and the continuum at the band center

i.e. the band minimum after the continuum removal) wave-

ength. The continuum are defined as the straight lines between

.63 μm and the local maximum in the 2.91–3.01 μm range

for the 2.7 μm band), and between the local maxima calcu-

ated in the 2.91–3.01 μm and 3.19–3.24 μm spectral ranges

for the 3.1 μm band).Spectral slope is defined as ( R 1 . 891 −
 1 . 163 ) / R 1 . 891 ( 1 . 891 − 1 . 163 ) , where R λ is the reflectance at the

avelength λ. Details on the retrieval of these parameters are

iven by Frigeri et al. (this issue). 

All the parameters are defined in a spectral range, where the

hermal emission, which is observed at wavelength longer than 3.2

m ( Raponi et al., 2017b ), is null or negligible, and hence their re-

rieval is not affected by the procedure of thermal removal. 

The centers of the 2.7 μm and 3.1 μm bands do not show any

ariability on Ceres’ surface ( Ammannito et al. 2016 ), except for

ome specific locations (e.g., Occator crater), thus we do not show

hem in this paper. The two carbonates band depths (i.e. 3.4 μm

nd 4.0 μm absorption bands) also are quite uniform, except in lo-

alized regions, often corresponding to bright spots ( Carrozzo et al.,

017; Palomba et al., 2017; Stein et al., 2017 ). We will discuss these

articular cases for the regions located inside the Occator quadran-

le. 

. Global maps 

The Occator quadrangle maps of infrared 1.2 μm reflectance at

0 ° phase, band depth at 2.7 μm and band depth at 3.1 μm, and

pectral slope are shown in Figs. 1 , 2 , 3 and 4 , respectively. 

In terms of these distributions, the Occator quadrangle follows

 trend similar to the rest of the Ceres’ surface, with albedo un-

orrelated with the two band depths and the two band depths

oderately correlated ( Ammannito et al., 2016 ). We evaluated the

orrelation by calculating the Pearson coefficient ρFB , defined as

FB / σ F σ B (where σ F , σ B and σ FB are the variance of the two sets

f parameters and their covariance, respectively) and already used

n the spectral analysis of planetary surfaces (e.g. Palomba et al.,

015 ). It ranges between −1 (i.e. perfect anti-correlation) and 1

i.e. perfect correlation), whereas a zero value means lack of cor-

elation. 

In the Occator quadrangle case, ρFB is almost zero between

lbedo and each band depth, whereas is about 0.3 between the

wo band depths, corresponding to moderate correlation ( Fig. 5 ).
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Fig. 1. Map of 1.2 μm reflectance at 30 ° phase of the Occator quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. Gray means no VIR 

coverage. The red square encloses the Occator faculae region, shown in Fig. 6 , whereas the arrow indicates the location of the B46 bright spot (small-scale feature). 

Fig. 2. Band depth at 2.7 μm of the Occator quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. The FC mosaic is fully visible in 

absence of VIR coverage or when band depth values are out of the color scale. 

T  

h

 

t  

r  

d  

t  

i  

t

 

e  

t  

q  

(  

o  

o  

c  

e  

C  

r  

t  

t  

o  

∼  

N  

q

 

e  

a  

o  

t  

t  

(

he inferred behavior is an association between ammoniated and

ydrated materials. 

With the exception of the two faculae located in the Occa-

or crater, the albedo distribution is quite uniform (the geomet-

ic albedo standard deviation is 0.001), with a slight longitudinal

istribution, since eastern terrains are faintly brighter. The darkest

errains of the quadrangle correspond to the Occator floor (exclud-

ng faculae) and eastern ejecta, which are among the darkest fea-

ures of Ceres. 

Band depths show instead a latitudinal distribution, being gen-

rally shallower at northern latitudes (with exception of the Occa-

or eastern ejecta) and deeper in the southern-eastern part of the

uadrangle. This region corresponds to Urvara and Yalode ejecta

 Buczkowski et al., 2017 ), and hence an association between geol-

gy and mineralogy arises. The shallowest band depths are instead

bserved in correspondence with craters, i.e. Occator, Lociyo, Aza-

ca and Nepen, and, to a lesser extent, Kirnis (5 °N 265 °E). A gen-
ral anti-correlation between age and band depth is observed for

eres’ craters ( Stephan et al., 2017a ), and the craters in this quad-

angle do follow this trend, since Occator, Azacca and Lociyo are

he youngest and showing the shallowest band depths. According

o the Lunar Derived Model ( Schmedemann et al., 2014 ), the ages

f these craters is in fact lower than ∼80 Ma, and in particular is

20 Ma for Occator ( Stephan et al., 2017a and references therein);

epen is slightly older, whereas Kirnis is the oldest craters of the

uadrangle ( Buczkowski et al., 2017 ). 

This behavior can be ascribed to a temporal variation of prop-

rties affecting these bands, such as the abundance of ammoni-

ted phyllosilicates, or physical properties, such as grain size of

ne or more end members. This temporal variation could be due

o terrains mixing, or to space weathering, causing fragmenta-

ion of coarse grains and hence reducing the average grain size

 Stephan et al. 2017b ). 
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Fig. 3. Band depth at 3.1 μm of the Occator quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. The FC mosaic is fully visible in 

absence of VIR coverage or when band depth values are out of the color scale. 

Fig. 4. Infrared slope of the Occator quadrangle, superimposed on the Framing Camera (FC) mosaic with a transparence of 25%. The FC mosaic is fully visible in absence of 

VIR coverage or when slope are values out of the mapped color scale. 
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The spectral slope also shows its lowest values in correspon-

dence of the Occator crater, and southern and eastern ejecta, i.e.

between 0.03 and 0.05. In particular, the faculae’s slope takes neg-

ative values and is outside the color scale mapped in Fig. 4 (we

see the FC map, only, in correspondence of the faculae). The spec-

tral slope of the Azacca crater ranges between 0.05 and 0.07, and

is also lower than the quadrangle average (i.e. 0.09). 

5. Main features 

5.1. Occator 

5.1.1. Faculae 

Cerealia (19 °N 239 °E) and Vinalia (20 °N 242 °E) faculae are the

brightest regions of the Ceres surface with an average 1.2 μm re-

flectance at 30 ° of phase angle of 0.08 and 0.062, respectively
 Palomba et al., 2017 ). Their location in the quadrangle is high-

ighted in Fig. 1 . They are characterized by a large amount of car-

onates (i.e., 30–40%, De Sanctis et al., 2016 ), as inferred by the

eeper bands at 3.4 and 4.0 μm and the broader 3.4 μm band

 Fig. 6 ). Moreover, the longward shift of the 4.0 μm band center

rom 3.95 μm (Ceres average) to 4.0 μm (Occator faculae) indi-

ates the occurrence of sodium carbonate, instead of calcium and

agnesium carbonates, as for the rest of Ceres surface. The mor-

hological analysis by Stein et al. (2017) concluded that the most

lausible scenario for formation of carbonate-rich faculae is that

he impact forming the Occator crater caused upwelling of extant

ubsurface brines. 

The common behavior of bright spots on Ceres is a general

nti-correlation between the carbonate (3.4 μm and 4.0 μm) and

he ammoniated phyllosilicates (2.7 μm and 3.1 μm) band depths

 Palomba et al., 2017 ). The Occator faculae follow this behavior for
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Fig. 5. Density plot correlating the two band depths at 2.7 μm and 3.1 μm on the 

Occator quadrangle. The color shows the logarithm of the number of observations. 
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Fig. 6. Top. Spectra from Cerealia Facula (top, the brightest one) down to facula 

surroundings, i.e. Occator floor (bottom, the darkest one). At increasing reflectance, 

the bands at 3.4 μm and 4.0 μm, ascribed to carbonates, are clearer, and the 2.7 

μm band remains high, too, due the occurrence of Al-phyllosilicates. The 3.1 μm 

band is instead almost absent. In the facula spectrum band center of the phyllosili- 

cates and carbonates bands are longward shifted with respect to their surroundings 

(from 2.72 to 2.76 μm and from 3.95 to 4.0 μm, respectively), indicating a different 

composition of these phases. Bottom : Framing Camera image corresponding to the 

region enclosed in the square in Fig. 1 . The filled squares indicates the locations of 

the spectra shown in the top figure. 

l  

l  

fl  

i  

b  

a  

a  

i

 

t  

p  

e

 

W  

l  

f  

s  

c  

t  

e  

s  

b  

i

5

 

(  
hat concerns band depth at 3.1 μm which is indeed very low

i.e. 0.02–0.03, below the minimum value mapped in Fig. 3 ). On

he other hand, the 2.7 μm band depth is much larger than ex-

ected for a carbonate-rich area ( Palomba et al. 2017 ). The band

enter shifts from 2.72 μm (Ceres average) to 2.76 μm (Occator fac-

lae), indicating the occurrence of Al-phyllosilicates instead of Mg-

hyllosilicates ( De Sanctis et al., 2016 ). The presence of this kind

f phyllosilicate is another peculiarity of these faculae and explains

he deepening of the 2.7 μm band despite the presence of carbon-

tes. 

.1.2. Floor 

The Occator floor is very dark, with very shallow bands at

.7 μm and 3.1 μm (i.e. down to 0.19 and 0.07, respectively), and

ith a very low spectral slope (i.e. down to 0.03). This represents a

are case of correspondence between low values of all these spec-

ral parameters. Moreover, the carbonate bands are shallow, too

 Carrozzo et al, 2017 ). The low values of albedo (reflectance at

.2 μm of 0.03), as well as the 3.4 and 4.0 μm band depths, sug-

est that there is no depletion of ammoniated phyllosilicates due

o formation of carbonates, and therefore the shallowing of 2.7 μm

nd 3.1 μm band depths should be ascribed to other effects. We

bserve that this shallowing reflects the general anti-correlation

rend between crater age and these band depths, which may be

scribed to different regolith physical properties, e.g. a larger grain

ize. Larger granulometry enhances the regolith shadowing, caus-

ng an albedo decreasing ( Hapke, 1981; Longobardo et al., 2014 ),

nd has been discussed lowering the spectral slope ( Stephan et al.,

017b; Cloutis et al., 2011 ). Both these behaviors are indeed ob-

erved on the Occator floors, corroborating our hypothesis. 

The shallowing of ammoniated phyllosilicate bands as well as

he flattening of the spectral slope are not observed on the crater

im, which corresponds to talus material, i.e. a different geological

nit ( Buczkowski et al., 2017 ). Talus is a slope formed by an accu-

ulation of broken rock debris (observed also on other asteroids,

.g. Williams et al., 2014 ), and its larger band depths could be as-

ribed to a different physical state (i.e. loose material instead of

ard material). 

.1.3. Ejecta 

Ejecta around Occator crater have two different spectral behav-

ors: southern and western ejecta have a 1.2 μm reflectance at the

0 ° phase comparable to the Ceres average (e.g., 0.035), very shal-
ow 2.7 μm and 3.1 μm band depths, and spectral slope about 50%

ower than surroundings. Otherwise, eastern ejecta are dark (re-

ectance of 0.032) and show the deepest ammoniated phyllosil-

cates bands in the quadrangle. They extend down to the lower

oundary of the quadrangle, superimposing on the Kirnis crater

nd the Urvara ejecta, indicating that they have been generated by

n event more recent than formation of these craters, according to

ts geological classification ( Buczkowski et al., 2017 ). 

Distribution of 4.0 μm band depth ( Carrozzo et al., 2017 ) shows

hat carbonates occur in southern and western ejecta, which could

artially explain the different spectral properties with respect to

astern ejecta. 

Comparison with the geological map ( Buczkowski et al., 2017;

illiams et al., 2017 ) indicates that “dark” and “bright” ejecta be-

ong to two different geological features and hence had a different

ormation, evolution or age. In particular, dark ejecta could be as-

ociated with the unnamed crater north of the Occator crater, lo-

ated in the Ezinu quadrangle ( Combe et al., 2017 ): the fact that

he southern rim of this crater is covered by the Occator’s north-

rn rim ( Fig. 7 ) indicates that this crater is older than Occator it-

elf. Therefore, the different spectral properties between dark and

right ejecta may be associated with the different im pact or post-

mpact processes subjected from the two craters. 

.2. Azacca 

The Azacca crater is characterized by very low band depths

down to 0.19 and 0.07 for the 2.7 and 3.1 μm band depth, respec-
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Fig. 7. Occator rim superimposed on the northern unnamed crater (FC image). 
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tively) on both floor and ejecta, with the exception of the eastern

rim where band depths increase. The albedo distribution is un-

correlated with the 2.7 μm and 3.1 μm absorption features, with

brightest patches associated with the northern rim and wall, cen-

tral peak and SW ejecta. 

The low band depths would be justified by the overall anti-

correlation between age and band depths, which, in turn, may

be ascribed to different physical properties of the regolith, as in-

ferred also by the changing spectral slope. The brightest areas in

and around the crater are associated with the occurrence of Na-

carbonates ( Carrozzo et al., 2017 ), which could explain their higher

albedo. The higher band depth areas in the eastern rim of the

crater correspond to a different geological feature, i.e., talus mate-

rial. Because no band center variations are observed in correspon-

dence of this unit, talus’ composition is the same as the rest of the

crater, therefore its different band depth could be due to a change

of physical state (i.e. loose material instead of hard material). 

5.3. Lociyo and Nepen 

These two craters have similar spectral behavior, i.e. shallow

bands in the floor and central peak, and band depths 10–20%

higher in correspondence with the tali on the crater walls. Albedo

distribution is instead independent of band depth. The band depth

shallowing on the floor is common to the other young craters of

the quadrangle (Occator and Azacca, see Fig. 5 ), whereas the deep-

ening in correspondence of tali, still observed in Occator and Aza-

cca, may indicate different physical properties. 

5.4. Urvara and Yalode ejecta 

The Urvara and Yalode ejecta are superimposed on the old

cratered terrain which is the dominant feature of the quadrangle.

They are recognizable by deeper band depths than the equatorial

cratered terrain. This can be ascribed to the fact that they orig-

inated from the Southern Hemisphere, where the abundance of

ammoniated phyllosilicates is generally higher ( Ammannito et al.,

2016 ; Longobardo et al., 2017b ; De Sanctis et al., 2017b ). 
A slight albedo increase (up to 10%) is associated with Yalode

jecta but not with Urvara ejecta: this can be ascribed to the dif-

erent composition or physical properties of the terrains where

he impacts generating the two craters occurred, as supported

y the different distribution of spectral parameters in the Urvara

nd Yalode craters, with Urvara showing deeper absorption bands

 Longobardo et al., 2017b ). 

.5. Bright spots 

In addition to the two faculae, another bright spot has been

dentified in the Occator quadrangle. According to the definition of

alomba et al. (2017) , an area is considered a “bright spot” when

ts albedo is at least 30% larger than its surroundings. The feature

n the Occator quadrangle satisfying this requirement is labeled by

alomba et al. (2017) as B46 (16.5 °S 255 °E). It is small-scale spot

ssociated with a crater rim, and is located in the terrains super-

mposed by Urvara ejecta, in particular where the Occator ejecta

verlap the Urvara ones. The spot position is highlighted with an

rrow in Fig. 1 (where it is not recognizable, due to its small ex-

ension). 

It shows albedo and depths similar to most of the bright spots,

s not associated to band center change and hence has a compo-

ition similar to the rest of Ceres, i.e. opaques, ammoniated clays

nd Ca-Mg carbonates. Its brightening could be justified by a lower

mount of opaques, by different physical properties or to the oc-

urrence of material coming from the Occator crater. 

. Conclusions 

We mapped the distribution of the reflectance at 1.2 μm,

.7 μm and 3.1 μm band depths and infrared spectral slope in the

ccator quadrangle of Ceres, which is bounded by latitudes 22 °S
o 22 °N and longitudes 214 °E and 288 °E. We find for this quadran-

le that variation in the two band depths are correlated with each

ther but not with albedo. These findings are in agreement with

ehavior overmost of Ceres’ surface. In addition, the brighter areas,

ound in association with Occator faculae, are due to sodium car-

onates deposited upon younger terrains, but one less-bright area

s deposited on older terrain, suggesting either an aging effect for

he bright material or a difference in the deposits formed in older

errain. 

There is an overall correlation between mapped geological units

nd spectral parameter distribution, contrary to that observed for

esta ( Longobardo et al., 2015 ). In particular, young craters are as-

ociated with a shallower band depths, as is common behavior

cross Ceres. This behavior could be caused by different regolith

hysical properties (e.g., grain size) or differences in the abundance

f dark materials mixed with ammoniated clays. We also observe a

attening of the spectral slope (less red) at these craters. De Sanc-

is et al. (2015) showed that the dark materials on Ceres have red-

er spectral slope than the ammoniated phyllosilicates, therefore

 greater amount of dark material would produce a spectral slope

ncrease, and Cloutis et al. (2011) showed that for dark meteorites,

he coarser samples have less red spectral slopes than for finer

amples, both results suggesting that grain size differences are re-

ponsible for the younger crater spectral behavior. 

Two types of ejecta are observed around the Occator crater that

iffer in albedo and the band depths and spectral slope. The differ-

nt spectral behavior is associated with their belonging to different

eological units, and probably is due to a different formation his-

ory. 

The Urvara and Yalode ejecta, located in the southern region

f the quadrangle, clearly show greater band depths and brighter

eflectance than do the terrains they overlap, due to their origin

rom a different terrain. 
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Finally, tali in crater rims and walls show increased band depths

ompared with surrounding material, indicating a difference in

hysical state. 

In general, the spectral characteristics of this quadrangle are

imilar to those found over most of Ceres’ surface except for the

ccator Crater region. 
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