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Introduction
 Data collected at Ceres by the recent Dawn mission and 
subsequent analyses have led to a vastly improved 
understanding of the largest body in the asteroid belt.  From 
more precise constraints on simple physical parameters, such 
as bulk density, moment of inertia, and polar/equatorial radii, 
to a better characterization of the surface morphology and 
composition from the investigation of crater images, a clearer 
picture of rheological and even stratigraphic constraints have 
emerged. 
 While a number of models of Ceres’ geophysical evolution 
were developed prior to the Dawn mission, these new data 
and analyses provide an opportunity to conduct an 
investigation along these lines, which target the physical, 
geophysical, chemical, and morphological constraints 
suggested by the new data.  Here, we present the initial 
results from a 1.5-D finite difference model that investigates 
the thermal history, differentiation, and evolution of Ceres.  
We examined the set(s) of initial and boundary conditions 
(time of accretion, surface temperature and origin, initial 
water/rock ratio, and initial composition of rock and fluids) that 
best explain the suite of observations collected during the 
Dawn mission and subsequent analyses by the scientific 
community.

• Overall, our model (Fig. 1 a & b) shows the importance of 
implementing Ceres’ updated shape data from Dawn into 
existing models, such as those put forth by McCord and 
Sotin (2005), Castillo-Rogez and McCord (2010), and 
Neveu and Desch (2014, 2015). 

• Difference between equatorial and polar radii yield 
contrasting bulk compositions at same time-slice during 
differentiation processes (Fig. 1).

• Extent of melting is controlled by time of accretion and, to a 
lesser extent, the initial amount of silicate material (Fig 1 & 
2). 

•   Ocean layers established in all models included herein (Fig. 
1, 2, & 3).  Additionally, surficial composition is consistent 
with observed presence of water ice at Ceres‘ surface 
(Prettyman et al., 2017).

 Moving forward, we plan to include and investigate the 
following parameters:

(1) Hydrothermal alteration of silicate material

(2) Water/antifreeze interactions (e.g. ammonia content).

(3) Determine the importance of core cracking on Ceres’ 
evolution, proposed by Neveu, Desch, and Castillo-Rogez 
(2014).

(4) Investigate the hypothesis put forth by Vernazza et al. 
(2017) in regards to Ceres’ initial location during its 
accretionary phase (e.g. Kuiper belt object vs. in situ)

(5) Utilize current data and observations of Ceres’ gathered 
during the Dawn mission to constrain surficial conditions, 
thus providing us with a set of refined boundary conditions.

(6) Implement density model established by Park et al. (2016) 
to determine the validity of our models.

 Methods
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 The framework of our code (adapted from McGary, Farrell, 
and Sparks (2006)) was built around the spherically 
symmetric conservation of energy equation, and solved using 
the finite difference method:

where γ is the heat capacity per unit volume, T is 
temperature, t is time (My), r is radius, k is thermal 
conductivity, ρ is density, H is heat production, L is latent 
heat, and X is volume fraction.
 Non-dimensionalization identified four parameters which 
control the evolution of Ceres:

(1) Ratio of the difference between blackbody and melting              
temperature of water ice, and temperature scale.

(2) Ratio of heat production and thermal diffusion time scales.

(3) Ratio of heat necessary to melt water ice to heat    
generated by silicate material.

(4) Ratio of 26Al and 238U heating rates; varied to control for 
time of accretion
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 Figure 3 -  Volume fraction of constituent materials versus dimensionless radius at 100 My after accretion. Initial and surface temperature were set at 150 K 
and 185 K, respectively.  (a) Here, DAl corresponds to a time of accretion ~4.2 My after the formation of CAIs, with an initial silicate mass fraction of 0.70.  
The oceanic layer is ~10 km thick, with a 386 km partially differentiated core, comprised of a rock/ice mixture.  (b)  DAl corresponds to a time of accretion 4.0 
My after the formation of CAIs, also with an initial silicate mass fraction of 0.70.  The oceanic layer is ~14.5 km thick, with a 386 km partially differentiated 
core also comprised of a rock/ice mixture.            

t = 100 My

t = 60 My

 Fig. 1 - Volume fraction versus dimensionless radius at 60 My after accretion.  Initial and surface temperatures are 
150 K and 185 K, respectively.  Initial mass fraction of silicates set to 0.65.  DAl corresponds to time of accretion 3.3 
My after calcium-aluminum inclusions (CAIs).  A marked difference in the respective locations and thicknesses of the 
ocean layers can be observed between the (a) equatorial and (b) polar radii.  Surficial compositions are also variable 
in their respective thicknesses, although a trend of increased ice to peridotite volume fraction can be seen. (c) Figure 
adapted from Castillo-Rogez and McCord (2011) which contains similar initial and boundary temperature conditions, 
and bulk composition, although a time of accretion of 5 My after CAIs, and their model includes a salt layer.  
Temperature is indicated by dashed lines with 25 K interval.  Vertical red dashed lines indicate 60 My and 2.5 Ga, and 
are coincident with the plots above (a & b), and the total run time in (d), respectively.  The set of modeled parameters 
from (a) and (b) will be tested again upon inclusion of serpentinization/deserpentinization reactions, in conjunction 
with matching additional parameters listed above (e.g. salt layer and accretion time).              

(c)

 Fig. 2 - Plots of volume fraction versus dimensionless radius at 100 My after accretion.  Initial and surface 
temperatures were set at 150 K and 185 K, respectively.  DAl corresponds to time of accretion 3.3 My after the 
formation of CAIs.  From (a) to (c), initial mass fraction of silicate material was increased in intervals of 0.05 
while holding all other variables constant.  The interaction between heat producing silicate material and water 
phases can be observed.  The amount of water and its proximity to the surface is directly proportional to the 
initial amount of silicate material present at the time of accretion.  It is our intent to re-test these models upon 
inclusion of serpentinization/deserpentinization reactions in order to observe how much liquid water is removed 
during these processes, which will aide in further constraining the extent of hydrothermal alteration that has 
occurred within Ceres.
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