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Introduction:  Among the first trace constituents 

of the Mars atmosphere observed, ozone exhibits an 

anticorrelation with atmospheric water vapor abun-

dance associated with its primary destruction by the 

HOx (OH, H, and HO2) family of water photolysis 

products [1]. Consequently, increased atmospheric 

ozone levels occur at fall-winter-spring high latitudes 

[1], and at lower latitudes around Mars aphelion when 

the global hygropause descends to minimum altitudes 

[2]. Observations of Mars atmospheric H2O2 abun-

dances [3,4] indicate that homogeneous (gas phase 

only) photochemistry controls the average behaviors of 

Mars Ox (O and O3) and HOx abundances to first order. 

Nevertheless, detailed model-data ozone comparisons 

employing a coupled dynamical-photochemical model 

suggest that heterogeneous reactions on aphelion cloud 

belt ice particles may still play a significant role in 

aphelion ozone and HOx abundances [5]. Studies of 

Mars ozone thus provide a rare view of Mars atmos-

pheric chemistry, as well as the potential to map Mars 

water vapor for regions and seasons of particularly low 

abundance (i.e., when ozone columns are well measur-

able). 

Three distinct spectral approached have been em-

ployed to measure Mars ozone; associated with the 

0.26 μm Hartley band ozone absorption (UV, [1, 6, 7]), 

1.27 μm O2 singlet delta [O2(a
1

g)] band emission 

(near-IR, [8,9]), and 9.7 μm band thermal absorption 

(mid-IR, [10,11]). Each method carries distinct advan-

tages and limitations. The near- and mid-IR spectral 

line measurements require very high spectral resolu-

tion for earth-based observation, whereas the low spec-

tral resolution UV technique requires a space platform. 

In the absence of limb scanning, the UV and mid-IR 

measurements pertain to ozone total column measure-

ments, whereas the near-IR measurement is sensitive 

only to the ozone column abundance above ~20 km 

altitudes. The mid-IR measurement provides the most 

sensitive ozone measurement, as well as the most ro-

bust column determination in terms of unconstrained 

vertical dependences for ozone and (with respect to the 

UV) atmospheric scattering. However, only the UV 

and near-IR techniques have been applied from Mars 

spacecraft, and both methods are currently employed 

from instruments on the Mars Express (MEx) and 

Mars Reconnaissance Orbiter (MRO) missions.  

The subjects of this presentation are MRO MARs 

Color Imager (MARCI, [12]) and the Compact Recon-

naissance Imaging Spectrometer for Mars (CRISM, 

[13]) observations of Mars ozone. In particular, 

MARCI wide-angle imaging in UV bands within (0.26 

μm) and and longward (0.32 μm) of the ozone Hartley 

ozone (figure 1) generates daily global image maps of 

Mars ozone and cloud columns. CRISM near-IR spec-

tra contain a weak, band-averaged O2(a
1

g) emission 

signal in nadir viewing, which can provide ozone ver-

tical profile information in the context of contempora-

neous MARCI ozone column retrievals. A CRISM 

limb scan over the north pole further yields direct ver-

tical ozone profiling over 20-60 km altitudes. 

 

  
Figure 1. MARCI UV bandpasses (dotted lines) are 

compared to Hubble Space Telescope STIS spectra for 

a 60N, elevated ozone column region (solid line) and 

equatorial, low ozone column region (dashed line). 

Both MARCI UV bandpasses are sensitive to cloud and 

Rayleigh scattering against the low UV albedo surface 

of Mars. The 0.26 μm bandpass, which is centered 

within the ozone Hartley band, is sensitive to ozone 

absorption (reproduced from [14]). 

 

MARCI Ozone and Cloud Mapping:  MARCI is 

a wide-angle (180° fov) camera with five visible and 

two UV bands, designed to obtain daily global image 

maps of Mars from MRO.  The two UV channels (fig-

ure 1) support mapping retrievals for Mars cloud and 

ozone columns, which are currently under develop-

ment. As demonstrated in figure 2 (reproduced from 

[14]), Mars clouds appear distinctly against the low 

UV albedo surface of Mars  (0.01-0.015, apart from 

polar ice regions). The aphelion cloud belt [15] dis-

plays strong enhancements over topographic highs 
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such as the Tharsis volcanos, as well  

 
Figure 2. Map-projected MARCI 0.32 μm images ob-

tained over November 8-14, 2006. Bright clouds within 

the aphelion cloud belt are well contrasted against the 

dark UV albedo surface. Polar ice caps in the north 

and clouds within Hellas Basin are also prominent 

(reproduced from [14]). 

 

a global pattern of linear cloud streaks. North polar 

surface ice and clouds within Hellas Basin are also 

apparent. Figure 3 presents a map projection of UV 

brightness ratios (0.26 μm/0.32 μm)  for the same pe-

riod, in which darker areas reflect increased ozone 

columns [14]. The largest ozone columns appear at 

southern high latitudes where cold late winter tempera-

tures lead to minimum levels of atmospheric water 

vapor. Notice also the detailed spatial variation of 

ozone abundances within Hellas Basin, which corre-

sponds broadly to the cloud distribution (figure 2). 

 
Figure 3. Map-projected MARCI UV ratios (0.26 

μm/0.32 μm)  for the same period (November 8-14, 

2006) as presented in figure 2. Dark regions at high 

southern winter latitudes, including within Hellas Ba-

sin, indicate strong Hartely band ozone absrption 

within the MARCI 0.26 μm band (reproduced from 

[14]). 

Faint variations in UV ratios over the 40S-60N latitude 

regions are primarily due to topographic and cloud 

distributions, which modulate the very significant 

Rayleigh scattering contribution in 0.26 μm bright-

nesses. Mapping retrievals for cloud optical depths and 

ozone column densities are reasonably straightforward 

due to the lack of ozone absorption in the 0.32 μm 

band; and the similarly strong cloud contributions, 

weak dust contributions, and weak surface albedo con-

tributions in both UV bands. A discrete-ordinates 

(multi-scattering) radiative transfer code [16] has been  

developed in previous Hubble Space Telescope Mars 

UV analyses [6, 17] to incorporate variable Rayleigh 

scattering (i.e., surface pressure), dust, cloud, and 

ozone inputs. Figure 4 presents “ -by-eye” retrievals 

for cloud and ozone columns along a 5S to 50S cross 

section transiting the western half of Hellas Basin, 

corresponding to the image maps of figures 2 and 3 

[14].  

A comparison of the retrieved ozone (dashed line) 

and cloud (solid line) column profiles with surface 

elevation (dotted line) indicates that cloud and ozone 

columns within Hellas Basin are not simply related to 

an increase in atmospheric mass, nor are they strictly 

correlated with each other (e.g., at 35S-45S).  Clearly, 

atmospheric dynamics plays a strong role in the time-

dependent distributions of clouds and ozone associated 

with transport, water vapor saturation, and cloud for-

mation. 

Figure 4. Retrieved ozone (dashed line) and cloud 

(solid line) columns for a 5S-50S cross section, taken 

from the observations of figures 2 and 3, that transits 

the western half of Hellas Basin. Peak cloud and ozone 

columns occur at the northern margin of Hellas Basin 

for the 65E longitude range presented, and are not 

simply related to increased atmospheric pressure (e.g., 

elevation as indicated by the dotted line) within Hellas 

(reproduced from [14]). 

 

CRISM O2(
1

g) Observations:  While the meas-

urement emphasis of CRISM is surface mineralogy, 

the presence of diagnostic atmospheric gas bands 

[CO2, H2O, CO, and O2(a
1

g)] and dust and ice aerosol 

scattering/absorption over the visible/near-IR (0.4-4.0 
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μm) spectral range of CRISM supports unique atmos-

pheric science [13]. Here, we highlight the capability 

of CRISM to observe 1.27 μm O2(a
1

g) band emission, 

which provides a measure of high altitude ozone abun-

dance complementary to the MARCI ozone column 

measurement. Detailed analyses of ground-based Mars 

O2(a
1

g) observations [8,9] show that this excited state 

for O2, which results when ozone is photodissociated, 

becomes collisionally de-excited very rapidly at at-

mospheric pressures greater than ~1 mbar (e.g., alti-

tudes lower than ~20 km with respect to a surface 

pressure of 7 mbar). Consequently, 1.27 μm O2(a
1

g) 

band emission is a fairly direct measure of the column 

ozone abundance above the 1 mbar pressure level. 

The CRISM spectral resolution (~7 nm per chan-

nel) allows a band integrated detection in nadir spectral 

imaging for sufficiently strong 1.27 μm emission (e.g., 

10 Mega Rayleighs). By comparison, the SPICAM 

near-IR spectrometer obtains 0.5 nm resolution and so 

 
Figure 5. The band integrated 1.27 μm O2(a

1
g)  emis-

sion (O2 Index) observed during a December 11, 2006 

(Ls=149°) limb scan over the north pole of Mars (86N, 

110E). The vertical “line number“ coordinate corre-

sponds to ~20 km for a value of 50, and ~55 km for a 

value of 100. The top panel presents potential horizon-

tal variations along the ~10 km CRISM fov. The bot-

tom panel presents the horizontally averaged limb pro-

file of band averaged 1.27 μm O2(a
1

g)  emission. 

 

considerably higher O2(a
1

g) sensitivities of ~1 MR 

[18]. Nevertheless, the reduced sensitivity of  CRISM 

for O2(a
1

g) measurements is reasonably consistent 

with the MARCI ozone column sensitivity. That is to 

say, both techniques provide optimum measurements 

at high fall-winter-spring latitudes where ozone col-

umns are maximum. Consequently, the combined ap-

plication of CRISM 1.27 μm and MARCI UV nadir 

imaging observations should prove amenable to deriv-

ing coarse vertical profile information for Mars ozone. 

A more direct method of vertical profiling is pro-

vided by limb scan observations. During scattered light 

tests in December of 2006, the CRISM fov was 

scanned across the atmospheric limb above the Mars 

north pole. Figure 5 presents the integrated 1.27 μm 

O2(a
1

g) band emission (O2 index) versus tangent alti-

tude (line number, where a line number of 50 is ~20 

km altitude and a line number of 100 is ~55 km alti-

tude). In the top panel, the horizontal distribution of 

O2(a
1

g) band emission is also displayed as a function 

of sample number, along the spatial domain of the 

CRISM CCD  (corresponding to a ~10 km fov). The 

fall-off in displayed emission at the left and right mar-

gins of the top panel is an artifact of the constructed O2 

index. Apparent signal at tangent altitudes below ~20 

km reflects emission at higher altitudes along the limb 

path in the fore and background of the limb tangent 

altitude. The bottom panel line plot presents the aver-

aged limb profile of O2(a
1

g) band emission (i.e., aver-

aged in sample number), which more clearly displays a 

high altitude (~55 km) peak in ozone abundance. This 

feature is prominently displayed in SPICAM stellar 

occulation profiling of nighttime Mars ozone [19] and 

simulated in the Mars GCM photochemical model of 

Lefevre et al. [5]. Retrievals for vertical profiles of 

Mars ozone density from the CRISM limb observa-

tions of figure 5 are in progress. 
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