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Introduction:  Ius Chasma is a long narrow trough 

in western Valles Marineris (VM) that shows strong 
tectonic control in its structure (Fig 1) [1]. CRISM 
(Compact Reconnaissance Imaging Spectrometer for 
Mars) data have revealed diverse hydrated mineralogy 
in Ius Chasma, in addition to the strong kieserite 
(MgSO4·H2O) and polyhydrated sulfate signatures iden-
tified by OMEGA (Observatoire pour la Mineralogie, 
l’Eau, les Glaces et l’Activité) [2]. We describe a new 
hydrated spectral type that is found in Ius Chasma and 
elsewhere in VM.  Updated regional stratigraphy and 
geologic history brings new mineralogic mapping to-
gether with geomorphic and structural evidence. 

Datasets:  CRISM is a VNIR hyperspectral 2-D 
imager on the Mars Reconnaissance Orbiter (MRO) 
mission capable of multiple mapping modes [3]. It can 
acquire high-resolution targeted observations at 544 
wavelengths from 0.362-3.92 µm and 15-19 m/pixel. 
Observations are photometrically corrected and provi-
sionally atmospherically corrected, by an atmospheric 
transmission spectrum derived from CRISM data of 
Olympus Mons [4]. The atmospheric correction is simi-
lar to that used for OMEGA data [5]. Ratioing to a 
CRISM scene, rather than just a spectrum, is necessary 
to account for the spectral smile present in 2-D spec-
trometers. Additionally, some data is “destriped” to re-
move vertical striping caused by instrumental effects as 
in [6]. Spectra of interest are divided by a spectrally 
bland spectrum from the same column. 

The HiRISE (High Resolution Imaging Science Ex-
periment) camera aboard MRO is capable of acquiring 
co-aligned imagery with CRISM and can resolve details 
down to ~30 cm/pixel [7].  

Previous work:  Due to its impressive size and 
unique geomorphic features, the VM canyon system and 
its formation and erosion mechanisms have been well 
studied [e.g. 1,8-11]. Peulvast and Masson and cowork-
ers have created a very thorough and sophisticated re-
gional geologic history of central VM, especially Ius 
Chasma, using Viking imagery [1,11]. The established 
geologic history starts with Hesperian lava flows over 
Noachian basement and mega-regolith. VM forms by 
repeated tectonic extension in late Hesperian, forming 
horst and grabens in Ius Chasma. Geryon Montes, in the 
middle of Ius Chasma, are high-standing horsts. Louros 
Valles, along the south of Ius Chasma, formed by flu-
vial erosion. The morphology may be controlled by 
fractures related to VM formation or to older Noachian 

stresses. More recent tectonism cut across Louros 
Valles and possibly widened the connection between 
Ius and Melas Chasmata. Dry landslides and dust cover 
are the last events [12]. 

Results:  We have identified a variety of hydrated 
minerals in Ius Chasma with CRISM data. Smectite 
clays, mono- and poly-hydrated sulfates, hydrated silica 
and an unknown hydrated material with a 2.2 and 2.28 
μm doublet have all been identified (Fig 2). The un-
known hydrated spectral type most closely matches 
gypsum or jarosite, of the hydrated minerals in the RE-
LAB spectral library. Hydrated silica has a broad ab-
sorption in the 2.2x μm region, but the strong doublet 
feature in this spectral type argues for a more crystalline 
phase. In some places with Ius Chasma, it is difficult to 
distinguish between the unknown spectral unit and hy-
drated silica due to small outcrops and obscuring mate-
rials; it is possible the two materials are also intimately 
mixed. Another possible spectral match is an acid-
leached Fe/Mg smectite, likely producing amorphous 
silica and poorly crystalline residual clays [13]. While 
this is mineralogically plausible, since the hydrated 
spectral type is often found with smectite clays, it is not 
a perfect spectral match because the hydrated spectral 
type also has a 2.4 μm absorption consistent with sul-
fates and not clay minerals. 

The hydrated minerals are generally found at the 
lowest elevations within the chasma and are concen-
trated in light-toned layered deposits, landslides, and 
apparently draping units but are not seen in dunes or 
loose materials (e.g. layered materials in Fig 3). HiRISE 
image PSP_006718_1720 shows the hydrated spectral 
type or hydrated silica draping eroded layered smectite 
material in a regional depression (Fig 4, subset of Fig 
5). Stratigraphic relationships allow placing these hy-
drated materials within the established geologic history 
and shed light on the role of water throughout the for-
mation of Ius Chasma. 

Further work: Further CRISM observations in Ius 
Chasma will help pin down contacts between sulfate 
and the unknown hydrated material, and reveal more 
about the regional mineralogic stratigraphy; many ex-
posures of light-toned materials are visible in CTX and 
HiRISE data, but lack CRISM data to resolve mineral-
ogy. The mineralogic identification of the unknown 
hydrated material with a 2.22 and 2.28 μm doublet is a 
significant outstanding issue.  
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Fig 1. Map of central and eastern Ius Chasma with targeted 
CRISM observations in orange outlines. 

 

 
Fig 2. A. Representative CRISM spectra of kieserite, polyhy-
drated sulfate, smectite, hydrated silica, and an unidentified 
hydrated material distinguished by its 2.2-2.28 μm absorption 
doublet. Smectite from FRT00009B27; sulfates and unknown 
hydrated material from FRT0000A91C. B. RELAB library 
spectra are resampled to CRISM wavelengths.  Gypsum offset 
by +0.5, kieserite by -0.1. 

Fig 3. CRISM image FRT0000A91C draped on MOLA to-
pography, 2x vertical exaggeration. A. False color RGB: 2.5, 
1.5, 1.08 μm. B. 1.9 μm band depth parameter showing kie-
serite (in black), polyhydrated sulfate (white), and the un-
known hydrated silica (light gray).  Spectrally neutral, non-
hydrated material is dark gray. 
 

Fig 4. HiRISE image PSP_006718_1720 showing unknown 
hydrated spectral unit or hydrated silica unit draping previ-
ously eroded layered smectite unit.  Dunes encroach both. 

Fig 5. CRISM FRT000085A4.  Smectite (green) and hydrated 
silica (light blue) in low-lying layered deposits south of 
Geryon Montes.  Yellow box shows extent of Fig 4. 
 

 
Fig 6. Schematic cross section showing superposition of hy-
drated materials.  Colors same as Fig 2A. 
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