
CARBON, OXYGEN, AND THE DESERTIFICATION OF THE GALAXY.  E. Gaidos1, 1Department of Ge-
ology and Geophysics, University of Hawaii at Manoa, Honolulu, HI 96822. 

 
C/O in the Galaxy:  Carbon and oxygen are the 

two most abundant nucleosynthetic elements in the 
Cosmos and are among the dominant constituents for 
Earth-size planets and Earth-like life.   C and O play 
crucial roles in determining the chemistry of star-
forming molecular clouds and, possibly, the circum-
stellar disks from which planets emerge [1-3].  Nucleo-
synthetic yields of C and O vary with stellar mass and 
metallicity (Figure 1) and we expect that the mean 
C/O ratio of the Galaxy has evolved with mean metal-
licity, and regions of the Galaxy with different stellar 
populations will have different average C/O.       

 
Figure 1. Yields of O (heavy lines) and C (light lines) 
from stars of solar (dotted) and primordial (solid) met-
allicity, in units of solar masses, and weighted by a 
stellar initial mass function M-2.7.   Increasing metallic-
ity leads to increased carbon and decreased oxygen in 
the total yields (including winds) form massive stars.   
 
Carbon and oxygen are synthesized in stars more mas-
sive than 1.5 solar masses and injected into the inter-
stellar medium through winds and type II supernovae 
events.  (Type I SN contribute less than 0.3% [4]).  
The yields (net production) from stars with a given 
initial mass, combined with the initial mass function 
(IMF) of star formation will determine the relative 
amounts of C and O.  Yield estimates for intermediate-
mass (1-5Msun) stars were taken from Marigo et al 
[5,6] and Renzini & Voli [7].  The supernovae yield 
calculations of Woosley & Weaver [8] were used for 
high-mass stars (11-40Msun) and those of Maeder [9] 
for even more massive (but rare) stars.  Maeder has 
calculated the yields of C and O from the winds of 

massive stars.  The mass loss depends on abundance 
through its effect on the opacity of outer stellar atmos-
pheres and the impact on their structure.  O yields are 
insensitive to model parameters and are consistent 
from model to model [8], while the C yield of for in-
termediate-mass stars depend on the amount of con-
vective ``dredge-up'' [7].  In a metal-poor (0.1Z) stellar 
population with the IMF of the solar neighborhood, the 
source of C is evenly divided between ejecta of high-
mass (56%) and intermediate-mass stars. The source of 
C in a solar-metallicity population is radically differ-
ent; roughly 5% of C is returned to the ISM via the 
winds of massive stars, 33% is produced in intermedi-
ate-mass stars and the remainder in high-mass stars.  
Oxygen is almost entirely (87%) produced in high-
mass stars regardless of metallicity: In a low abun-
dance population the remainder is produced by inter-
mediate-mass stars, in a solar-abundance population 
the O derives from the winds of massive stars.  The 
increase in C production with initial abundance in in-
termediate-mass stars, and the ejection of carbon in the 
winds of high-mass stars produces a trend of increas-
ing C/O production ratio with increasing mean metal-
licity in a stellar population.  For the IMF of the solar 
neighborhood, the C/O production ratio rises from 0.13 
at one-tenth solar abundance to >1 at solar abundance 
(Figure 2). It depends only weakly on the steepness of 
the IMF power-law index, although the total C and O 
produced depends on this parameter.  Maeder [9] and 
Frayer & Brown [10] have pointed out the implications 
of the abundance dependence of C/O yields for the 
chemical evolution of the Galaxy.  A universal predic-
tion of chemical evolution models is a low early C/O 
due to the O-rich composition of ejecta from metal-
poor massive stars and a positive correlation between 
C/O and metal abundance [11-13].  This is driven by 
the delayed C-rich contribution of intermediate-mass 
stars (1-10Msun) and the metallicity dependent C/O 
production ratio described above.  Observations of 
metal-poor galaxies find such a trend [14].  Another 
expectation is that the C/O of bulge and disk popula-
tions diverge due to a combination of differences in the 
stellar IMF, wind-driven mass loss in the former and 
the accretion of primordial metal-poor gas in the for-
mer.  The flatter IMF of bulge stars implies a higher 
relative production of O from more abundant massive 
stars.  Addition (loss) of mass from a star-forming sys-
tem will increase (decrease) the amount of star forma-
tion required to arrive at a given metal abundance and 
therefore the C/O at that abundance.  There may be 
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local variation in C/O due to selective depletion onto 
grains [15] or non-steady-state effects [16]. 

 
vsFigure 2. C/O ratio of stellar SN ejecta and winds 
(top) and the ISM (bottom) as a function of metallicity.   

 

 
Figure 3.  Distribution of C/O for stars with and 

without planets; data from [17].  
C/O and planets. Gaidos [1] proposed that C/O in-

fluences the abundance of water in a planetary system 
because the formation of CO is thermodynamically 
favored and whether H2O forms will depend if O is in 
excess of C.  Thus as the galactic disk evolves from an 
O-rich to a C-rich state its propensity to form water-
bearing planets may be evaporating.  Furthermore the 
tendency of systems to include gas giants may depend 
on C/O if the core-accretion mechanism of giant planet 
formation is correct and if core formation is acceler-
ated by a concentration of water ice at a "snowline".  

This prediction is that, for a given metallicity, stars 
with low C/O (and hence more water) are more like to 
host giant planets.  Several studies have analyzed the 
spectra of planet-search targets solar-type and derived 
the abundances of C and O.  The most recent included 
941 FGK stars [17].  Distributions of C/O for stars 
with and without known planets are shown in Figure 
3.  The two-sided Kolmogorov-Smirnov and Kuiper 
probabilities are 0.022 and 0.13, respectively, indicat-
ing that the hypothesis that the two distributions are 
drawn from the same population cannot be ruled out.  
Median values for stars w/ and w/o planets are 0.7 and 
0.66, respectively.  Metallicity and C/O may trade 
against each other but a plot of the data shows no dis-
cernable trend.  C/O may only weakly influence H2O 
abundance; the abundance of H2O may not control 
giant planet formation; or the selection for close-in, 
detectable planets may mask any effect. 

   
Figure 4.  C/O vs. metallicity for stars w/ (filled 
points) and w/o (open points) planets; data from [17]. 
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