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Introduction:  Stellar abundances of exoplanet 

host stars exhibit significant variations from solar in 
solid forming elements, both refractory and volatile 
(e.g. [1]).  The C/O ratio is particularly important in 
determining the refractory (silicate and metal) to vola-
tile ice ratio in material condensed beyond the snow 
line [2, 3]. Given the observed range in stellar C/O in 
exoplanet host stars, condensates might range from 
more water and volatile rich than solar system objects 
to volatile poor and silicate/metal rich [4].  In addition, 
for more carbon-rich stars (C/O >~0.8) refractory ma-
terial in the inner part of the systems might be domi-
nated by carbides rather than silicates [2, 5].   We have 
estimated the composition of volatile and refractory 
material in extrasolar planetesimals using a set of stars 
with a wide range of measured C/O abundances [6-9] 
and compare them with early solar system materials 
[10]. 

Effects of C/O and solid carbon phases: The vol-
atile ice content of planetesimals in these systems var-
ies significantly with C/O, controlled primarily by the 
availability of O for H2O ice condensation.  Systems 
with C/O less than the solar value (C/O = 0.55; [C/O] 
= 0 dex) should have very water ice rich planetesimals, 
while water ice mass fraction decreases rapidly with 
increasing C/O until only ices of CO and CO2 are left 
in significant proportions.  Another significant factor 
for planetesimal composition is the amount of carbon 
that may be tied up in solid phases. Studies of astro-
physical data for molecular clouds, accretion disks and 
constraints from solar system compositions suggest 
that a significant fraction (~0.4-0.70) of the carbon in 
accretion disks and the early solar nebula may be in 
refractory carbon-rich grains similar to the CHON 
particles identified in comets [11].  We investigate the 
composition of condensates for different stellar C/O 
values using the value of 0.55 for the fraction of C in 
CHON grains adopted by Pollack et al. (note that this 
in only coincidently the same number as the solar C/O 
ratio).  For an oxidizing nebula, with CO as the domi-
nant carbon-bearing gas, Table 1 shows the planetesi-
mal compositions for several stellar systems investi-
gated in [10], where R/I/C indicates the relative mass 
fractions of “Rock” (silicate plus metal), “Ice” (water 
ice), and “Carbon” (CHON).   
 

 
CHON Redox

Star C/O Csolid Mass Fraction - R:I:C Density, Kg/m
3

CO/Total C
Sun 0.55 0.55 0.48/0.26/0.26 1751 1
HD108874 0.71 0.55 0.54/0.13/0.33 2015 1
55CnC 0.81 0.55 0.64/0.2/0.34 2432 1
HD17051 1.02 0.55 0.57/0.00/0.43 2299 0.8
HD27442 1.1 0.55 0.63/0.02/0.35 2422 0.4
HD4203 1.5 0.4 0.71/0.00/.029 2645 0  
 
Table 1. Planetesimal compositions for several stellar 
systems with a fraction, Csolid, of C in solid CHON 
particles  

 
Discussion:  For the assumed fraction of C in 

CHON, both carbon and oxygen are removed from the 
gas phase and the condensates for super-solar C/O 
values will be water-poor mixtures of silicates and 
metal, carbon, and carbon-bearing volatile ices, de-
pending on temperature.  For very carbon-rich sys-
tems, oxidizing conditions cannot be sustained beyond 
about C/O=1, due to the oxygen sequestered in solid 
silicates, oxides and CHON, for refractory C fractions 
within the Pollack et al. range of 0.4 – 0.7. HD4203 
will be fully reducing even with the minimum 0.4 C in 
CHON from Pollack et al.  

Acknowledgements: Part of this work (TVJ) has 
been conducted at the Jet Propulsion Laboratory, Cali-
fornia Institute of Technology, under a contract with 
NASA.  Government sponsorship acknowledged.  NM 
acknowledges support from Yale University through 
the YCAA fellowship. JIL was supported by the James 
Webb Space Telescope Project through NASA. O.M. 
acknowledges support from CNES. 
 

References:  
[1] Gonzales G. et al. (2001) Astron. J. 121, 432.  [2] 
Gaidos E. J. (2000) Icarus 145, 637. [3] Wong M. H. 
et al. (2008) in Oxygen in the Solar System, G.J. Mac-
Pherson, Editor 2008, Mineralogical Society of Amer-
ica: Chantilly, VA, 241. [4] Johnson T. V. et al.  
(2011) 42nd LPSC, 1553. [5] Bond J. C. et al. (2010)  
Astrophys. J. 715(2), 1050. [6] Ecuvillon A. et al. 
(2004) Astron. Astrophys. 426(2), 619. [7] Ecuvillon, 
A. et al. (2006) Astron. Astrophys., 445(2): p. 633. [8] 
Gilli, G. et al. (2006) Astron. Astrophys. 449(2), 723. 
[9] Fossati, L. et al. (2010) Astrophys. J. 720(1), 872. 
[10] Johnson T. V. et al. (2012) Astrophys. J. 757(2), 
192. [11] Pollack et al. (1994) Astrophys. J. 421, 615. 

1403.pdf44th Lunar and Planetary Science Conference (2013)


