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Abstract 
An analysis of 2009-2016 MRO CRISM visible/near-

IR (λ = 0.4-4 µm) limb spectra defines the spatial and 

orbital/seasonal distributions (consistent with earlier 

studies) of daytime (3pm) mesospheric (altitudes of 

55-75 km) CO2 ice clouds, including their particle 

sizes (Reff =0.3-2.5µm) and size distribution variances 

(νeff =0.03, indicative of iridescence) [1]. The analysis 

emphasizes single scattering comparisons generated 

from T-matrix phase function calculations [2] for 

equidimensional disk shapes (D/L=1), although a 

subset of full multiple scattering, profile retrievals are 

employed for comparison. These CRISM-derived 

properties are compared to near-coincident MRO 

MCS thermal-IR limb scattered radiances from 

mesospheric CO2 clouds. The MCS limb radiances 

also indicate, for the first time, nighttime CO2 clouds 

(3am) with larger particle sizes (Reff ~7µm) at 55-60 

km altitudes [1]. Coincident MRO MARCI wide-

angle imaging further demonstrates the large 

horizontal extent of the daytime observed CO2 ice 

clouds, including their wave/cirrus morphologies [1]. 

1. CRISM 
Roughly 1100 CRISM limb profile observations were 

obtained over MY29-33, with full (5-10º spacing) 

latitudinal coverage, limited longitude sampling (~0W, 

70W, 105W, and 300 W), and good seasonal/orbital 

(solar longitude, Ls = 35-360º) coverage (although 

irregularly spaced among the 4 MYs sampled).  

The broad CRISM spectral dependence of observed 

CO2 ice cloud scattering defines its composition and 

particle size, whereas spectral interference ‘waves’ in 

their spectra indicate iridescence associated with very 

narrow size distributions (νeff = 0.03), which likely 

applies for all particle size, CO2 cloud populations 

(Reff =0.3-2.5µm) observed (see figure 1). Such 

narrow particle size distributions indicate uniform 

particle growth histories within individual 

mesospheric CO2 clouds, suggesting abrupt cloud 

formation and uniform cloud nucleation centers, such 

as perhaps provided by meteoritic ion chemistry [3]. 

This is the first measurement of cloud iridescence in a 

planetary atmosphere other than the Earth, where such 

behavior is infrequently observed. Iridescent displays 

are a feature of smaller (Reff <5-10µm) ice particle 

sizes [4] not typically presented in the terrestrial 

atmosphere, except at high altitudes or in jet contrails. 

 
Figure 1: A set of CRISM limb spectra of scattering 

by mesospheric CO2 clouds of various particle sizes 

(lines; Reff =1.3µm-black, 0.7µm-red, 0.45µm-blue). 

Models for the above Reff are presented for three 

distinct size distribution variances (symbols; νeff = 0.1-

diamonds, 0.03-asterisks, 0.01-X’s). The narrower 

size distributions present iridescence in the smaller 

particle size cases (red and blue) as interference 

patterns in the reflectance spectra. 

The global Mars atmosphere exhibits strong orbital 

variations in temperature, photochemistry (associated 

with condensation-forced water vapor variation), and 

aerosol behaviors [5]. This behavior reflects the large 

eccentricity of the Mars orbit (e ~0.09). The orbital 

aerosol variations in the mesosphere are distinct from 

those exhibited in the lower atmosphere (such as the 

aphelion cloud belt and perihelion dust storms). Figure 

2 presents this orbital dichotomy in mesospheric 

aerosols as revealed in the CRISM limb aerosol 

analysis.  

To first order, CO2 ice clouds dominate aerosols in the 

aphelion mesosphere (yellow/white symbols in the top 

panel of figure 2), and water ice clouds (green/blue 

symbols) and dust (red symbols) dominate aerosol 

behavior in the perihelion mesosphere (lower panel of 

figure 2). Dust aerosols were infrequently observed in 

the non-global dust years of the CRISM limb 

observations [1], but are prominent during planet 

encircling dust storms [6,7]. The aphelion 

correspondence with CO2 clouds reflects the much 

colder (and drier) conditions associated with 40% 

reduced solar heating relative to perihelion. The top 

panel of figure 2 presents the latitude/altitude 

distribution of mesospheric CO2 clouds measured by 

CRISM, where smaller cloud particle sizes (Reff <1 

µm) occur at the latitude/altitude margins of the large 

particle size (Reff >1 µm) cloud region.  



 

Figure 2. Altitude/latitude cross sections of the 

accumulated distributions for 2009-2016 CRISM 

analyzed particle sizes and compositions for discrete 

mesospheric aerosol layers, as observed over aphelion 

(upper) and perihelion (lower) portions of the Mars 

year. Aerosol composition (yellow/white- CO2 ice, 

blue/green- H2O ice, red- dust) and particle size 

(yellow vs. white, green vs. blue, as on figure) are 

indicated by color. 

The latitudinal (20S-10N), longitudinal (0W and 

70W), altitude (55-70 km), and Ls distributions of 

mesospheric CO2 clouds observed in CRISM limb 

spectra reflect cold aphelion conditions, but also 

minimum temperature regions associated with Mars 

atmospheric tides and gravity waves. These CO2 cloud 

spatial/temporal distributions generally agree with 

results of prior studies for these clouds [8-12]. The 

orbital dichotomy between CO2 versus H2O cloud 

occurrence and the particle size spatial/temporal 

variations of figure 2 are new results. 

2. MCS 
MCS measure vertical profiles of 11-45µm thermal IR 

radiance for retrieval Mars atmospheric temperature, 

dust, and H2O ice profiles with high vertical and 

latitudinal sampling rates [13]. Although CO2 ice is 

not a standard retrieval product, MCS is sensitive to 

scattering by CO2 ice clouds [14,15] and provides 

near-coincident comparisons with CRISM CO2 cloud 

measurements, including particle size sensitivity. 

Figure 3 presents two such daytime (diamond and 

squares symbols, 3pm) MCS detections of 

conservative scattering by mesospheric CO2 clouds of 

surface thermal-IR radiance, corresponding to near-

coincident CRISM cloud detections. Relative MCS 

radiances are plotted versus MCS IR wavelength (and 

 

Figure 3: Scaled MCS channel radiances (diamonds 

and squares-3pm, X’s-3am) are compared to CO2 ice 

scattering efficiencies for Reff =1-7 µm particle sizes. 

indicated channel) for comparison to the wavelength-

dependent scattering cross sections for CO2 ice 

particle Reff of 1 and 2 µm, reasonably consistent with 

the CRISM particle size determinations [1].  

More surprisingly, MCS nighttime (X symbols, 3am) 

scattering by CO2 clouds 5-10km lower in altitude 

indicate much large particle sizes (Reff ~7 µm). These 

nighttime lower mesospheric CO2 clouds are distinct 

from nighttime CO2 fine ice hazes detected at ~100 km 

altitudes in stellar occultations [16], although thermal 

tides and gravity waves likely play key roles the 

formation of all of these mesospheric CO2 ice aerosols. 

However, MCS observations indicate that these 

nighttime lower mesospheric CO2 clouds are among 

the brightest, largest particle size, and most pervasive 

(e.g., figures 6C and 7C of [17]) of all such 

mesospheric CO2 ice cloud occurrences [1]. 

3. MARCI 
Wide angle color imaging from MARCI provides 

coincident nadir imaging of the horizontal (latitude 

and longitude) extent and morphology (at ~1 km 

spatial resolution) of mesospheric CO2 clouds 

incorporated in the CRISM limb field of view (fov). 

Figure 4 presents MARCI color (RGB, left) and violet 

(437nm, right), images of a large expanse (~500km x 

500km) of mesospheric CO2 cloud forms 

corresponding to CRISM limb spectral measurements 

of bright CO2 clouds over 17S to the equator (with Reff 

ranging from 0.8-2.2 µm). The CRISM fov is in the 

plane of the MRO polar orbit, 1-2º left of center in the 

MARCI images. The color MARCI image map (left) 



reflects registration of the individual RGB filter 

images (staggered in orbit plane) to the Mars surface, 

such that the mesospheric cloud colors are improperly 

overlain. Registration of the image to a 70 km altitude 

(as indicated in the CRISM limb data for these clouds) 

leads to proper color registration for the clouds. The 

right image map presents the violet image map 

registered to this altitude, to display the wave form and 

zonal orientation of these mesospheric clouds.  

  

Figure 4: MARCI color (left) and violet (right) image 

maps display a regional-scale outbreak of mesospheric 

CO2 clouds over Valles Marineris. The ~70 km cloud 

altitudes lead to their color misalignment in the 

surface-registered RGB image. They are registered at 

70 km altitude in the violet (437nm) image. 

Only very bright mesospheric clouds, over regions of 

reduced lower atmospheric clouds (which are H2O ice) 

for maximum contrast, allow optimum MARCI nadir 

imaging of mesospheric clouds. Higher spatial 

resolution nadir imaging of mesospheric CO2 clouds 

have been obtained from OMEGA [9, 10], THEMIS 

[11], CRISM [12], and HRSC [18]. MARCI wide-

angle imaging demonstrates that mesospheric CO2 ice 

clouds exist over regional scales, and so require that 

the gravity wave forcing postulated to create very cold 

regions (T<110K) sufficient for CO2 condensation 

[19-22] must also be present on such large scales. 

Further information 
A much broader range of mesospheric aerosol results 

associated with CRISM limb spectra and CRISM-

MCS-MARCI comparisons is presented in [1], 

including mesospheric H2O ice and dust aerosols and 

additional results regarding mesospheric CO2 clouds. 
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