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Introduction:  Data collected by NASA’s Dawn 

spacecraft provide evidence that global aqueous 

alteration of dwarf planet Ceres resulted in a chemically 

evolved body that remains volatile rich [1], while recent 

emplacement of bright deposits sourced from brines 

attests to Ceres being a persistently geologically-active 

world [2, 3, 4].  Modeling of Ceres’ relaxed shape at 

long wavelength, constrained by density estimates from 

gravity modeling are consistent with a crust rich in ice, 

possible clathrates, and <20 vol.% silicates and salts; a 

mantle of hydrated rock with some porosity; and a 

global muddy layer at the crust-mantle interface (Figure 

1). Results obtained during the last phase of the Dawn 

mission (XM2) show evidence of this deep brine in the 

relative youth and composition of bright salt deposits, 

most notably within Occator crater. The geologically-

young Ahuna Mons, a 4-km high mountain also appears 

to be sourced from a deep muddy layer [5].  

 

 
Figure 1. Ceres' interior structure derived from gravity and 

topography data from the Dawn mission. Credit: PIA22660 

(https://photojournal.jpl.nasa.gov/catalog/PIA22660). 

 

Origin of Brines: All permissible internal evolution 

models consistent with Dawn data lead to the presence 

of a global liquid layer early in Ceres’ evolution [6], 

while the inferred presence of clathrates supports the 

persistence of brines to the present day [7]. Although 

Ceres ~40-km-thick crust appears strong (~1025 Pa-s), 

its global shape at wavelengths >150 km indicates 

that viscosity decays at a rate of one order of magnitude 

per 10 to 15 km to <1021 Pa-s by about 40 km depth [8]. 

The influence of this layer on the global shape suggests 

a saturated mud layer below the crust, consistent with 

slow freezing of a global ocean. Although, a mostly 

liquid brine layer is not ruled out [8], admittance 

analysis suggests the density of material below the crust 

(~2430 kg/m3, [9]) is consistent with a mixture of 

silicates and brines. 

Lateral heterogeneity in brine distribution was 

investigated using XM2 data of Occator crater and the 

surrounding Hanami Planum (HP) region [10]. HP is a 

discrete highland of ~555 km diameter with elevation 

reaching 6 km with respect to Ceres’ reference ellipsoid. 

It displays a broad-scale negative isostatic gravity 

anomaly (indicating excess light material) that is anti-

correlated to topography [9, 11], indicating significant 

heterogeneity relative to surrounding areas [10]. 

Markov Chain Monte Carlo (MCMC) modeling of the 

isostatic gravity field in the region was performed to 

investigate the sources of both the broad HP anomaly 

and the deep low anomaly near Occator Crater (Figure 

2). The inferred mass deficits are interpreted as areas of 

brine enrichment, which may reflect modulation of the 

depth and thickness of deep brines resulting from 

heterogeneity in the clathrate distribution between HP 

and the lowlands (as a result of the depth and extent of 

impact gardening). The inferred brine-rich region 

beneath the Occator region likely contributed to and 

prolonged eruptions within Occator crater.  

 

 
Figure 2. Cross-sections of median values of density contrast 

derived from high-likelihood MCMC solutions [10]. Top 

surface is observed topography; Black line shows crust/mantle 

boundary at ~55 km. Hanami’s total mass deficit is found to 

be ~0.1% of Ceres’ mass (−89.1−1.6
+1.5 x 1016 kg/m3). The Occator 

region’s residual mass deficit is −6.2−0.6 
+0.5  x 1016 kg/m3. 

 

Impact heating of the crust can also drive brine 

production. Thermal evolution modeling of the 

temperature field at Occator crater, following the impact 

~20 My ago is shown in Figure 3. The impact created a 

liquid pool beneath the center of the crater that collected 

salt impurities trapped in the crust and potentially 

captured impactor material that could be subject to 

aqueous alteration [12]. That pool persisted for ~5 My 
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and could have contributed to a first stage of evaporite 

emplacement [4]. However, the youth of the Occator 

salt deposits and the evidence for hydrohalite which 

rapidly dehydrates in vacuum [13], indicates ongoing 

brine effusion within the crater. Hence the source of that 

recent activity is likely the persistent brine layer inferred 

beneath Hanami Planum at ~ 35 km depth [10]. 

 
Figure 3. Occator crater post-impact temperature field, 

calculated by rescaling the hydrocode modeling of [12] for 

lower thermal conductivity using the methods of [14]. 

Contours for the eutectic temperatures of sodium carbonate 

and ammonium chloride are annotated, showing where these 

salts are in solution beneath the crater. From [10]. 
 

Brine Transport. The widespread presence of 

bright deposits across Ceres' surface (e.g., [15]), that 

occur in central peaks of craters and in the lone Ahuna 

Mons cryovolcano [16, 17] are rich in sodium 

carbonate. These deposits indicate widespread 

migration of subsurface brines to the surface over its 

geologic history. 

Brine activity in the 20 My old Occator Crater is 

long-lived, and the youngest material (<4 My) occurs in 

the central pit of the Cerealia Dome [2, 18]. The 

distribution and geologic setting of the deposits, suggest 

that brines exploited fractures and porosity to form the 

faculae deposits [19, 20, 4, 10]. While the impact melt 

was initially water-rich, later magmas were rich in 

sodium carbonate, chlorides and other salts [20, 

21].  The probable mechanisms that transport brines to 

the surface include pressure-driven flow through 

fractures as brines freeze at depth [22], and/or as a result 

of gas release [21]. Quick et al. [21] predict cycles of 

brine effusion modulated by the freezing and pressure-

driven opening of fractures that penetrate to a deep brine 

reservoir.  

The only major deposit of sodium carbonate not 

associated with an impact crater is Ahuna Mons, a 

youthful constructional feature attributed to brine 

effusion [23]. It is at the center of a large positive 

isostatic gravity anomaly; its high density argues for a 

source rich in silicates, consistent with a muddy plume 

originating in the deep brine layer at the crust-mantle 

boundary [5]. The presence of Ahuna Mons is 

additional evidence for transport of deep brines to the 

surface, as impact heating can be ruled out in this case.  

Implications: Dawn's comprehensive gravity, 

topography, morphology and surface composition data 

sets collected during the prime mission have 

demonstrated that large icy planetesimals can 

experience extensive, global aqueous alteration 

resulting in early subsurface oceans. The high-

resolution data collected at Occator crater during the 

XM2 phase document ongoing brine activity showing 

that such large initially icy bodies can retain subsurface 

brines even in the absence of tidal heating. Ceres' 

relaxed global shape and globally-distributed salt 

deposits, as well as recent activity at multiple locations 

argue for an extended brine layer, although its thickness 

and composition remain murky. The presence of 

subsurface brines on Ceres throughout its history, 

evidence of organic materials, and active transport 

processes make Ceres a rich target for understanding 

habitability and astrobiological potential on ocean 

worlds [24]. 
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