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Introduction:  The parent asteroids of most groups 

of carbonaceous chondrites (CC) experienced aqueous 

alteration, most likely as a result of melting of ice that 

accreted together with largely anhydrous silicates. The 

CI, CM, and CR chondrites experienced relatively low 

temperature aqueous alteration, which resulted in for-

mation of hydrous silicates, carbonates, magnetite, and 

Fe,Ni-sulfides. In contrast, CV chondrites, currently 

subdivided into three subgroups, oxidized Bali-like 

(CVOxB), oxidized Allende-like (CVOxA), and reduced  

(CVR), experienced diverse styles of alteration (low-

temperature aqueous and high-temperature metasomat-

ic) and subsequent thermal metamorphism to varying 

degrees. The commonly observed secondary minerals 

in CV chondrites include ferroan olivine, salite-

hedenbergite pyroxenes, andradite, nepheline, sodalite, 

wollastonite, grossular, monticellite, magnetite, Ni-rich 

metal, and Fe,Ni-sulfides. Short-lived isotope chronol-

ogy (
26

Al-
26

Mg, 
53

Mn-
53

Cr, and 
129

I-
129

Xe) of second-

ary minerals in CV chondrites suggests that alteration 

started ~3 Myr after CV CAIs and lasted for at least 10 

Myr [e.g., 1]. The estimated temperature of alteration 

and subsequent thermal metamorphism of CV chon-

drites varies from <350 K for aqueously altered Kaba 

(CVOxB) to ~750K for largely anhydrous Allende, to 

~1100 K for heavily-metamorphosed clasts in  Mokoia 

and Y-86009 [28]. If all subgroups of CV chondrites 

and heavily-metamorphosed clasts in  Mokoia and Y-

86009 formed in a single CV parent body, the core of 

this body was probably heated to at least ~1100 K [2]. 

There are several theoretical studies on thermal his-

tory of the CR, CI, and CM chondrite parent bodies 

[911]; a comprehensive thermal model of the CV 

chondrite parent asteroid is currently absent. The goal 

of our study is to construct a thermal model of the CV-

like parent body which would be consistent with the 

mineralogical and isotopic constraints on physico-

chemical conditions and chronology of CV alteration 

and thermal metamorphism. Here we report numerical 

simulations of thermal evolution of a CV-like parent 

body using different initial conditions (e.g., water/rock 

ratio, size of asteroid, and time of accretion). We also 

considered formation of a rocky core due to ice melting 

[12]. 

Methods and Initial Parameters:  We assume that 

the original CV chondrite parent asteroid consisted of 

anhydrous rocky material and water ice. The H2O in 

the solar nebula could condense as water ice if the par-

tial pressure of H2O exceeds the saturated pressure 

over water ice. In the minimum mass solar nebula [13], 

condensation of water ice occurs at ~ 3.2 AU. The ini-

tial water/rock mass ratio used in our calculations 

ranges from 0 to 0.92; the latter represents the highest 

value for a gas of solar composition [14]. These wa-

ter/rock ratios correspond to a region in the protoplane-

tray disk from 3.2 to 4.5 AU. Temperature in this re-

gion is estimated to be ~150K, which is considered to 

be the initial temperature of CV parent asteroid used in 

our calculations. In this region, H2O is completely con-

densed as water ice, whereas the abundance of other 

gases condensed (e.g., NH3 and CO) is negligible. 
26

Al 

(t1/2 = 0.72 Myr) is assumed to be the main heating 

source of the CV-like asteroid [911]. The initial 
26

Al/
27

Al ratio in the CV-like asteroid is assumed to be 

between the canonical value of 510
5 

and 510
7 

(4.8 

Myr after CAIs; close to the upper limit of life time of 

the protoplanetary disk). The abundance of Al, 1.75 

wt%, is inferred from bulk chemical compositions of 

CV chondrites [15]. 

The phase transitions of water ice, its melting and 

vaporization are considered. The melting temperature 

of H2O ice is assumed to be 273K. After complete 

melting of water ice, rock would settle toward the cen-

ter of the parent bodies and form a rocky core if the 

initial H2O ice volume exceeds rock volume (corres-

ponding to the initial water/rock mass ratio > 0.34). We 

assume that the rocky core would retain some amount 

of liquid water; the water/rock ratio in the rocky core is 

assumed to be ~0.1, which is smaller than that of the 

cores of the CM and CI chondrite parent asteroids 

(0.10.2 [16]). If vapor pressure of water exceeds li-

thostatic pressure, liquid water would vaporize. The 

latent heat of phase transition of water is considered. 

The reaction heats of aqueous alterations have not been 

considered yet and will be added later. The flow of 

water in the CV chondrite parent body might occur 

[11], but has not been considered here: if permeability 

is low, the flow scales would be short (less than a meter 

[17]) and won’t affect significantly thermal evolution 

of a parent body. Numerical simulations are performed 

using radius of the parent body between 10 and 100 km, 

which may represent the initial sizes of planetesimals 

[18].  

Results and Discussion:  Figure 1 shows the re-

sults of thermal modeling of the CV-like parent bodies 

50 km in radius which accreted with different initial 
26

Al/
27

Al ratios and various initial water/rock mass 

ratios; only the parent body with water/rock ratio of 

0.92 would form a rocky core [12]. We infer that CV 

parent body that accreted at 1.41.8 Myr after forma-
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tion of CAIs with the canonical 
26

Al/
27

Al ratio could 

reach peak metamorphic temperature of ~1100K; 

chondrite parent bodies which accreted later could not 

have reached such high temperatures. The estimated 

accretion times of the CV-like parent asteroids predate 

those estimated for CI and CM parent asteroids (~ 3 

Myr after CAI formation [9, 10]) and put an upper lim-

it on time of CV chondrule formation (assuming the 

uniform distribution of 
26

Al in the protoplanetary disk). 

According to our calculations, melting of water ice 

and evaporation of water occur 0.20.3 Myr and 

0.30.4 Myr after accretion of CV asteroid, respective-

ly. The evaporation temperature of water is estimated 

to be between 470 and 500K (Fig. 1). This temperature 

increases with radius increase and decrease of wa-

ter/rock ratio. If rocky core formation could occur, the 

parent body could reach 1100K regardless of the initial 

water/rock ratio. 

Figure 2 shows the temperature profile in the parent 

body that accreted 1.86 Myr after CAIs and had the 

initial water/rock ratio = 0.11. We find that the temper-

ature in a thin layer near the surface of this parent body 

(~1 km thickness at ~48 km) is between the melting 

temperature of water ice and evaporation temperature 

of water, suggesting that water could be retained in this 

layer and be responsible for aqueous alteration over 10 

Myr after accretion as inferred from short-lived isotope 

chronology of secondary minerals in CV chondrites. 

Two other models illustrated in Fig. 1 could also retain 

water in a surface layer. 

Additional simulations with different initial para-

meters will be presented at the meeting. 
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Fig. 1. Temperature evolution at the center of the chondrite 

parent bodies with 50 km in radius. Solid black line, dashed 

red line and dot-dashed blue line represent thermal evolution 

of parent bodies that accreted 1.86, 1.43 and 1.58 Myr after 

CAI formation and had water/rock (W/R) ratio of 0.11, 0.25 

and 0.92, respectively. All three parent bodies could have 

reached peak metamorphic temperature ~ 1100K. 

 
Fig. 2. Temperature profile in a parent body, 50 km in radius 

that accreted 1.86 Myr after CAI formation and had wa-

ter/rock ratio of 0.11. Red and blue colors correspond to 

1100K and 150K, respectively. The isothermal lines are 

drawn every 200K. 
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