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Introduction:  The Cryptic region was first identified 

as "dark as dirt" dry ice by Titus and Kieffer [1, 2] in 

1997. While they were the first to recognize the Cryp-

tic region as dark CO2 ice, they were not the first to 

have observed the Cryptic region.  Observations of this 

dark seasonal feature dates back to 1845, when first 

seen by the American astronomer Ormsby MacKnight 

Mitchel [3].  This southern springtime phenomenon 

was observed by several astronomers through the late 

19
th

 and early 20
th

 century.  In 1892, Barnard, Hussey, 

Schaeberle, and Young observed the Cryptic region 

from ~ Ls 210º – 229º.  The Cryptic region was again 

observed in 1894 by Barnard, Pickering, and Lowell 

(Ls ~ 206º – 237º). Fournier observed and drew an 

illustration (Ls~235º) of the Cryptic region in 1909.  In 

1924, Antoniadi (1930) observed this region, which he 

called Depressio Magna (~80ºS 270ºW), or Big De-

pression.  Antoniadi even speculated that this dark re-

gion inside the bright seasonal cap might be a polar 

lake.  In addition to the observation of Magna Depres-

sio, Antoniadi also observed a smaller dark patch, 

which he referred to as Depressio Parva (Little Depres-

sion).  These two dark patches correlate to the location 

of the Cryptic region as observed by both Viking Infra-

red Thematic Mapper (IRTM) and Mars Global Sur-

veyor (MGS) Thermal Emission Spectrometer (TES).  

The Magna Depressio or Cryptic region can still be 

seen in several ground based images taken of Mars 

during opposition. 

The Viking 1 & 2 orbiters’ IRTM were the only 

other thermal infrared instruments to observe the 

southern retreating cap [4].  The Cryptic region, while 

observed by the IRTM, was not fully recognized as a 

region of dark CO2 ice, and was relegated to a footnote 

in a paper by Kieffer (1979).   

With the arrival of MGS, three new instruments 

were now observing the Cryptic phenomena: a high 

resolution optical camera (MOC), a thermal spectrome-

ter (TES) that consisted of 3 sub-systems with 3-km 

resolution, a thermal spectrometer and bolometer and a 

solar bolometer, and the Mars Observer Laser Altime-

ter (MOLA), which when operated as a reflectometer, 

could map out the cap albedo at 1 um.  The bolometers 

revealed a region of the springtime southern cap that 

was cold and dark.  Spectra from the MGS TES did not 

show the 25µm transparency band, typical of fine 

grained CO2 frost and snow, suggesting that the Cryptic 

region was composed of either coarse grained or slab 

CO2, or dirty dry ice [2].  While thermal spectral ob-

servations could not determine which form of CO2 ice 

composed the Cryptic region, other observations pro-

vided indirect evidence that supported the concept of a 

coarse-grained translucent slab. MOC images, with 

resolution as high as ~1.5m/pixel, revealed that the 

Cryptic region had a cornucopia of bizarre albedo fea-

tures that have been referred to as a “zoo” [5, 6, 7].  

Sub-km dark areas were observed within the seasonal 

frost. Also discovered were fields of dark round spots 

with parallel oriented tails ("fans"), fields of spots with 

individual or collective medium-toned halos, and fields 

of dark [later relatively light] radial ragged branching 

patterns ("black spiders"), usually centered on the nar-

row ends of fans  [8] 

The initial interpretations, based solely on imaging, 

of these dark surfaces within the polar frost were as 

defrosted surfaces [9].   However, the TES instrument 

observed low temperatures in the cryptic region for 

weeks and months after the formation of the spots and 

fans, indicating that CO2 ice was still present at the 

surface.  A small diurnal temperature variation ~5º 

suggested the possibility of either a thin surface layer 

of dust or a thin layer of near-surface atmospheric dust 

[5].  THEMIS simultaneous visual and thermal imaging 

of these features with 100m resolution or better con-

firms the TES inference that they were entirely at solid 

CO2 temperatures for much of the spring. Once the 

spots begin to warm, they grow and coalesce quickly, 

forming large defrosted regions [6]. All the albedo 

features disappear when the ground warms, except the 

"spiders" which are observed as depressions when the 

cap is gone. These features occur dominantly in the 

"cryptic" regions of dark coarse-grained of slab ice [8]. 

Some of the spots must form in the dark, as they are 

observed in pre-polar-dawn images [10]. 

With the arrival of the first European satellite to or-

bit Mars, near and short wave infrared hyperspectral 

observations became available.  The French spectrome-

ter, OMEGA, has provided additional information 

through the analysis of H2O and CO2 ice absorption 

features.  Spectral modeling has proven very successful 

for the interpretation of OMEGA observations [11]. As 

an example, the evolution of the observed spectrum 

from the Cryptic region during the southern spring can 

be interpreted first as an intimate mixing of dust 

(0.7 wt%) and  H2O ice (0.06 wt%) within CO2 ice (Ls 

197.3°), then from an extensive contamination of the 
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surface layers by ~ 7 wt% dust (Ls 223.2°) and finally 

by the juxtaposition of 25 % ice-free areas and 75% 

ice-covered areas within each pixel (areal mixing, Ls 

241.9°), two weeks before the area becomes com-

pletely free of ices. Such sub-km scale ice-free and ice-

covered areas are a consistent feature of regions close 

to the sublimation front at all stages of the retreat of the 

southern seasonal cap [11]. 

With the arrival of Mars Reconnaissance Orbiter 

(MRO), three new instruments are now in orbit observ-

ing the evolution of the Cryptic region.  This paper will 

focus on new insights from the Compact Reconnais-

sance Imaging Spectrometer for Mars (CRISM). 

 

 
Figure 1:  MOC Wide Angle Mosaic draped over 

MOLA shaded relief.  CRISM is monitoring several 

regions of interest within the South polar Cryptic 

region.  Four of these areas are shown here using 

their informal names: Manhattan, Ithaca, Finger 

Lake, and Giza. 

 

Regions of Interest:  In order to better understand 

the evolution of the spots, fans, halos, and blotches 

within the Cryptic region, CRISM is monitoring sev-

eral locations that have proven to show interesting fea-

tures and evolution in THEMIS and MOC imaging 

data from past Mars years.  Four of these locations are 

described below, listed by their informal names. 

Manhattan.  Located near the head of Chasma Aus-

trale, Manhattan has been actively monitored by 

THEMIS over multiple years [6].    A CRISM image 

(Fig.2) of the region shows that the brightest regions 

have the strongest 1.435 µm band depths while the 

darkest regions have the weakest (Fig.3).  This is con-

sistent with OMEGA observations at the kilometer 

scale, suggesting that surficial dust plays an important 

role in the evolution of the spots and fans within the 

Cryptic region.   

Ithaca.  Located in the eastern “tail” of the Cryptic 

region, sometimes referred to as Depressio Parva, 

Ithaca is an actively-changing region similar to Man-

hattan.  Changes in the dust distribution and perhaps in 

the CO2 grain size can occur on short time scales, as 

illustrated by comparing the top and bottom panels in 

Figure 4. 

 

 
Figure 2:  Color Composite of Manhattan.  This 

image is an HSV image of FRT 49C2 (Ls 196º), 

where the intensity is the 1.33 µm Albedo and the 

color is the 1.435 µm CO2 band depth.  Warmer 

colors correspond to a stronger CO2 feature. 

 

 
Figure 3:  1.435 um CO2 Band depth vs. 1.33um 

Normalized I/F.  There is a strong correlation be-

tween albedo and the strength of the 1.435 CO2 

line, confirming that OMEGA observations of dust 

at the kilometer scale also applies to the 20 meter 

scale. 
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Figure 4: False Color VNIR Images of Ithaca taken 

12 days apart.  The top panel is a false color image 

of observation FRT 45EE (Ls 187º).  The bottom 

panel is a false color image of observation FRT 

48DA (Ls 194º) 
 

Finger Lake.  Finger Lake is similar to Manhattan 

in that this region has a brighter island surrounded by 

darker ice, which contains heavily spotted terrain.  Fin-

ger Lake also corresponds to a topographical feature, 

with the brighter region occupying the higher ground.  

Figure 5 illustrates changes within Finger Lake over a 

period of 23 days.  At Ls 181, Finger Lake is relatively 

bright with a few spots and no fans.  At Ls 194, the 

number of visible spots has increased with nearly all of 

the spots having fans. 

 
Figure 5:  Changes with the Finger Lake.  An “ex-

plosion” of fans can be seen in the brighter area of 

the Finger Lake.   The top panel is observation FRT 

43AD (Ls 181º).  The bottom panel is observation 

FRT 48E2 (Ls 194º). 
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Giza.  Unlike Manhattan or Ithaca, Giza shows a 

pattern that changes very little throughout the spring.  

The albedo pattern, which closely matches the summer 

albedo pattern, is partially visible as early as Ls 178.6º.   

By Ls 187º, the pattern is fully visible, suggesting the 

ice has transformed from an opaque uniform albedo ice 

to a translucent ice, thus enabling the underlying al-

bedo pattern to be seen through the ice.  Comparisons 

between Mars Years 26 and 27 show only local varia-

tions in the albedo. Fans, while not as prevalent as in 

Manhattan, can also be seen.  TES long-wavelength 

(15µm – 40µm) data shows little spectral variation, 

thus making variations in dust content or CO2 ice grain 

size an unlikely cause of the variations in albedo.  At 

Ls ~ 218º, a slight thermal signature is observed in 

THEMIS IR images of Giza.  The thermal signature 

remains within 5-10 degrees of the CO2 frost tempera-

ture until Ls ~240º.  Between Ls 240º and Ls 245º, 

Giza's thermal signature becomes more prominent, 

suggestive of partial defrosting. By Ls 250º, all the CO2 

in Giza is gone, while the area surrounding Giza re-

mains ice covered.  

The region surrounding Giza starts to defrost at Ls ~ 

270º, becoming volatile free near Ls ~ 280º.  As the 

region defrosts, it is common to observe boundary ar-

eas with intermediate temperatures (<200K) and inter-

mediate albedo (~0.3).  This transitional unit is consis-

tent with the presence of water ice [12, 13]. Giza re-

mains warmer than its surroundings throughout the 

summer, mostly due to its slightly lower albedo.   The 

formation of seasonal CO2 ice occurs at Ls ~ 180º, with 

the ice forming on Giza either at the same time or 

within a few sols of delay from its surroundings.  

Summary.  While results presented in this abstract 

can only be preliminary, the presentation will include 

CRISM observations of these regions nearly to the end 

of southern spring.  The most striking result of these 

early images is the correlation of weak CO2 spectral 

features with darker albedo.  This correlation was first 

observed with OMEGA data at the kilometer scales.  

This strong correlation is evidence of surficial dust.  

The other significant result is that at least some of the 

surficial dust is emanating from the spots, suggesting 

that they are indeed gas vents.  

 

 
Figure 6:  Colorized Image of Giza showing little 

change.  The red image is observation FRT 437F 

(Ls 181º).  The cyan image is observation FRT 4608 

(Ls 187º).  The spotted regions, which appear red, 

have darkened while the bluer areas are regions 

that have either not darkened or have become 

brighter. 
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