
Mars: Microwave Detection of Carbon Monoxide 

Abstract. The 115-gigahertz microwave line of carbon monoxide has been detected 
in the spectrum of Mars. The measurement is sensitive to carbon monoxide between 
the surface and an altitude of approximately 50 kilometers in the martian atmo- 
sphere. This extends the altitude region to well above that previously sensed. 

Since detecting the J = 0 --> 1 CO ro- 
tational transition at 115 Ghz (2.6-mm 
wavelength) in the upper atmospheres 
of the earth and Venus (1, 2), we have 
detected this transition in the spectrum 
of Mars. It is the first microwave line 
to be observed in the martian spec- 
trum and appears as a narrow absorption 
feature against the continuum emission 
from the planet. The line width of the CO 
absorption feature indicates that it origi- 
nates between pressure levels of about 5 
and 0.02 mbar in the martian atmo- 
sphere, corresponding to altitudes be- 
tween the surface and approximately 50 
km. This microwave measurement of 
Mars samples much higher altitudes than 
did previous infrared measurements. 

The first observation of CO on Mars 
was made by Kaplan et al. (3), using in- 
frared techniques. They deduced a CO 
abundance of 5.6 + 1 cm atm, a surface 
pressure of 5.3 + 1.5 mbar, and a CO 
concentration of 8 + 3 x 10-4 by vol- 
ume from the measurements of Connes 
et al. (4). Working with the same spectra 
of Connes et al. and taking various ex- 
perimental uncertainties into consid- 
eration, Gray Young (5), obtained a CO 
abundance in the range 27 to 57 cm atm 
and a mean rotational temperature of 
205 + 7 K for the disk of Mars. 

Our microwave detection of martian 
CO was made on 9 November 1975 with 
the 11-m radio telescope of the National 
Radio Astronomy Observatory (NRAO) 
located on Kitt Peak, Arizona. At the 
CO frequency of 115,271.2 Mhz the an- 
tenna has a half-power beam width of 
- 1 arc min and did not resolve the mar- 
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Fig. 1. Observed (e) and calculated (-) Mar- 
tian atmospheric spectrum near 115,271 Mhz, 
assuming a constant CO mixing ratio of 1.9 x 
10-3 and a background continuum temper- 
ature of 200 K, as described in the text. The 
relative root-mean-square noise was 0.01. 
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tian disk, which had a diameter of 0.24 
arc min. The NRAO cooled mixer re- 
ceiver with a single sideband system 
noise temperature of 600 K was used. 
Two 256-channel filter receivers, one 
with 0.25-Mhz resolution and the other 
with 0.100-Mhz resolution filters, pro- 
vided spectral analysis of the received 
signal. 

The spectral line was observed in the 
upper sideband of the double sideband 
receiver. The receiver gain difference 
and the terrestrial atmospheric attenua- 
tion in the two sidebands were measured 
by observing the stronger CO absorption 
line of Venus as a function of elevation 
angle both with and without a Fabry-Per- 
ot rejection filter blocking the lower side- 
band of the receiver. The values ob- 
tained were 0.45 and 0.20 for atmospher- 
ic attenuation in the upper (115,271 Mhz) 
and lower (105,771 Mhz) receiver side- 
bands, respectively, and 1.05 for the ra- 
tio of upper to lower sideband gain. 
The Venus CO signal appeared slightly 
broader and somewhat less intense at 
line center than when we first detected 
it. Since the phase of Venus for this 
second measurement was 0.51 as op- 
posed to 0.005 for the initial detection, 
these measurements indicate relatively 
more CO at higher altitudes during the 
Venus night. 

Observations were performed by using 
the position switched mode in which the 
antenna beam is alternately switched be- 
tween Mars and blank sky every 30 sec- 
onds. The measured continuum antenna 
temperature with the beam on Mars was 
3.2 + 0.3 K, as calibrated with ambient 
air and liquid nitrogen loads in front of 
the antenna feed. This is the value ex- 
pected with a brightness temperature of 
200 ? 20 K, the relative sizes of Mars 
and the antenna beam, the atmospheric 
attenuation, and the antenna efficiency 
of - 40 percent. 

The measured CO absorption line, af- 
ter correction for differences in atmo- 
spheric attenuation and receiver gain in 
the two sidebands, is shown in Fig. 1 to- 
gether with a line calculated for a CO 
volume mixing ratio of 1.9 x 10-3, a 
standard martian atmosphere (6), and a 
background planet-continuum temper- 
ature of 200 K. The calculations and in- 
terpretation are discussed below. The 
measurement shown in Fig. 1 was made 
between 1030 and 1400 universal time on 

9 November 1975 and represents an 
equivalent integration time of 165 min- 
utes. During this time the air mass (secant 
of zenith angle for angles observed here) 
through which the observation was made 
varied between 1.21 and 1.03, with a 
mean value of 1.06. At this time 94 per- 
cent of the martian disk was illuminated. 

The absorption line in Fig. 1 is plotted 
in the martian rest frame and occurs at 
exactly the frequency of the '2C'60 
J = 0 -> 1 rotational transition when the 
frequency shift of -3.5 Mhz due to the 
9.0-km/sec relative motion of the earth 
and Mars is accounted for. The meas- 
ured points farther than 12.5 Mhz from 
the line center were obtained from the 
0.25-Mhz resolution filter bank; points 
within 12.5 Mhz of the center were ob- 
tained from the 0.1-Mhz resolution filter 
bank. To reduce noise, the points have 
been averaged in groups: the effective 
resolution of the points in Fig. 1 is 0.5 
Mhz in the range 0 to 4.0 Mhz, 1.0 Mhz 
in the range 4.0 to 13.0 Mhz, and 2.0 Mhz 
in the range 13.0 to 31 Mhz from the cen- 
ter. Since the 115-Ghz CO collisional 
line-width parameter is - 4.5 Mhz/mbar 
for martian atmospheric temperatures 
and the Doppler line width is 0.1 Mhz, 
the total observed bandwidth of ? 32 
Mhz provides sensing of the martian at- 
mosphere between 5 and 0.02 mbar, cor- 
responding to altitudes between 0 to 50 
km. This covers higher altitudes than 
those sensed by the previous infrared 
measurements mentioned above. 

Our calculations of the martian micro- 
wave CO signal were performed in the 
same way as described earlier for Venus 
(1), except that we used the more recent 
measurements of the CO collisional line- 
width parameter by Varanasi (7), which 
indicate a 10 percent larger value than 
we used for Venus. (This has negligible 
effect on our earlier Venus inter- 
pretations.) The 1974 NASA model I (6) 
was used for the temperature and pres- 
sure profiles in the martian atmosphere. 

The dominant uncertainty in the inter- 
pretation of our measurement in terms of 
a martian CO mixing ratio profile is due 
to the uncertainty in the value of the 

Table 1. Carbon monoxide volume mixing ra- 
tio as a function of the Mars background tem- 
perature that best fits the microwave meas- 
urement at 115 Ghz. 

Mars back- 
ground tem- 
perature (K) 

190 
200 
207.5 
215 

Best-fit 
CO constant 
mixing ratio 

7.5 x 10-3 
1.9 x 10-3 
1.0 x 10-3 
0.5 x 10-3 
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background continuum temperature 
of Mars. This value is expected to be 
200 + 20 K (8). Our absolute measure- 
ments of the Mars continuum temper- 
ature are not sufficiently accurate to im- 
prove upon this value. To first order, the 
CO absorption signal observed in the 
Mars spectrum is proportional to the dif- 
ference between the average atmospher- 
ic temperature in the region where the 
absorption originates and the back- 
ground continuum temperature. This dif- 
ference is of the order of -30 K. The 
uncertainty of - ? 20 K in the back- 
ground continuum temperature then 
corresponds to an uncertainty of 
-+70 percent in the Mars CO abun- 
dance. The martian atmospheric temper- 
ature profile might be expected to vary 
by approximately ? 10 K from the mod- 
el we used. This amount of variation in- 
troduces an additional uncertainty of 

?+30 percent in the CO abundance in- 
ferred from our data. Therefore, with the 
information we have available on the 
background emission and atmospheric 
temperature of Mars, the uncertainty in 
our inferred CO abundance is approxi- 
mately a factor of 2. Since the martian 
atmosphere is expected to be well mixed 
(9), we have performed calculations us- 
ing a constant CO mixing ratio profile to 
determine which CO mixing ratio value 
gives the calculated spectral line that 
best fits our measurements as a function 
of background continuum temperature. 
The results are given in Table 1, and the 
calculation for a continuum temperature 
of 200 K is shown in Fig. 1. There is a 
suggestion that the measurement gives 
slightly less absorption at line center 
than that calculated from a constant CO 
mixing ratio profile. If this is the case, 
then the measurement implies a CO mix- 
ing ratio profile that decreases slightly at 
altitudes above - 40 km. More precise 
microwave measurements of the Mars 
spectrum and continuum emission at 115 
Ghz will resolve these uncertainties. 

Note added in proof: We have con- 
firmed, by observations in February and 
April 1977, the variation of the CO sig- 
nal from Venus with its phase mentioned 
here. These data indicate more high-alti- 
tude CO during nighttime. A similar 
diurnal variation was also measured for 
the CO line in the terrestrial mesosphere. 
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and most primitive representative of the 
reptiles, collectively called diapsids. 

The first fossil remains of one of the 
oldest reptiles, Petrolacosaurus kan- 
sensis, were found 45 years ago by a field 
party from the University of Kansas 
Natural History Museum. This small 
reptile from the Upper Pennsylvanian 
deposits of Garnett, Kansas, has since 
attracted a great deal of attention. Be- 
cause of the incompleteness of the speci- 
mens and the combination of unusual os- 
teological characters and great age, the 
taxonomic position and phylogenetic sig- 
nificance of Petrolacosaurus have been 
subjects of considerable dispute (1). 

The study of recently uncovered spec- 
imens, reported here, indicates that Pet- 
rolacosaurus is the oldest known diapsid 
reptile. Furthermore, it reveals that this 
reptile possesses an almost ideal com- 
bination of primitive and advanced fea- 
tures to bridge the considerable morpho- 
logical and evolutionary gap between the 
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largest assemblage of fossil and living 

stem reptiles and the diapsids (2). Petro- 
lacosaurus thus appears to be at the base 
of the largest reptilian radiation, which 
not only includes three of the four orders 
of modern reptiles and such extinct 
groups as eosuchians, thecodonts, rhyn- 
chosaurs, pterosaurs, and dinosaurs but 
also eventually gave rise to birds (Fig. 1). 
Although diapsids have a long evolution- 
ary history extending into the Late Per- 
mian, the early history of this assem- 
blage is not well documented in the fossil 
record. Consequently, the origins and 
phyletic relationships of the member 
groups have been open to question (3). 

Among stem reptiles the family Ro- 
meriidae occupies a central position. Of 
all the known Paleozoic reptiles, only ro- 
meriids are sufficiently generalized to be 
the ultimate ancestors of any of the sub- 
sequent lineages (4). The retention in 
Petrolacosaurus of a large number of ro- 
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Fig. 1. Phylogeny of diapsid reptiles. The romeriid captorhinomorphs are included at the base of 
the phylogeny to show the ancestry of Petrolacosaurus. 
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Petrolacosaurus, the Oldest Known Diapsid Reptile 

Abstract. Petrolacosaurus, an Upper Pennsylvanian reptile, presents a com- 
bination of features that place it within a distinct family of the Eosuchia while also 
evidencing strong relationships to the ancestral reptiles. It is therefore the earliest 
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