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Introduction: High spatial and spectral resolution 

orbital visible-near infrared spectroscopy of Mars by 

OMEGA onboard Mars Express and CRISM onboard 

MRO have revealed a variety of hydrated minerals that 

form from aqueous alteration, including phyllosilicates 

and hydrated sulfates [1-7]. Phyllosilicates have been 

identified mostly in ancient, heavily cratered Noachi-

an-age terrians and these minerals are suggested to be 

an alteration product of mafic materials due to long-

duration interaction between water and rock in both 

hydrothermal and near-surface open systems over 3.7 

billion years ago [6, 8]. In contrast, hydrated sulfates 

have been mainly found in younger Hesperian terrains 

and interpreted to be precipitated from the evaporation 

of ground water or lacustrine systems [9].  

Although the global distribution of phyllosilicates 

and hydrated sulfates appears to be distinct spatially, 

phyllosilicates have been identified in close proximity 

to hydrated sulfates in putative lacustrine sediments 

within the closed basins of Gale, Columbus, 

Cross, and Miyamoto craters [10-13]. The 

co-occurrence of phyllosilicates and hydrat-

ed sulfates and their stratigraphic relation-

ships have been interpreted to record a tem-

poral transition of aqueous environment 

from alkaline to acidic conditions. Howev-

er, terrestrial analog studies indicate the two 

temporally distinct geochemical systems 

need not be invoked to explain such miner-

alogy variations [14]. Nevertheless, the ge-

ochemical co-occurrence scenarios have 

only been minimally investigated [15, 16]. 

In this study, we identified a sequence 

of hydrated sulfate and Fe-smectite deposits 

over the southwestern of Melas Chasma as 

inferred from MRO CRISM targeted mode 

hyperspectral image data. Superposition and strati-

graphic relationships were defined with the help of 

MOLA and HiRISE images. Geochemical modeling 

was used to investigate the formation of these 

interbedded units. 

Data Reduction Methodology: The Compact Re-

connaissance Imaging Spectrometer for Mars (CRISM) 

onboard Mars Reconnaissance Orbiter (MRO) is a 

hyperspectral imager which has been acquiring data 

since November 2006. CRISM has 544 wavelength 

channels covering 0.36-3.92 μm and has a spatial reso-

lution of 18-36 m per pixel in targeted mode. In this 

study, CRISM targeted data were photometrically and 

atmospherically corrected using Discrete Ordinate 

Radiative Transfer model (DISORT) [17-20]. In 

DISORT calculations, the lower boundary of the at-

mosphere was defined as a surface that scatters light 

according to the Hapke function [21], and single scat-

tering albedos were retrieved from CRISM I/F data 

and used for spectral analyses. 

Spectral Results: Fe-smectites, monohydrated sul-

fates, and polyhydrated sulfates were identified in our 

study area (Figure 1). Hydrated sulfates have an ab-

sorption feature at 2.4 μm that is due to overtones of 

(SO4)
2-

 stretching fundamentals (3ν3) associated with 

H2O or OH. Specifically, monohydrated sulfates were 

identified by absorption features at 1.6 and 2.1 μm, 

polyhydated sulfates were identified based on the ab-

sorption features near 1.4 and 1.9 μm. Fe-smectites 

were characterized by absorption features at 1.4, 1.9, 

2.29, and 2.4 μm. 

Stratigraphic Relationships: MOLA data and 

HiRISE images, together with retrieved CRISM single 

scattering albedos, were used to define stratigraphic 

relationships associated with hydrated materials (Fig-

ure 2). The interbedded monohydrated sulfates and Fe-

smectites are exposed at the bottom of the stratigraphic 

column (Figure 2D). This unit has been highly de-

formed by tectonic activity, producing folded strata 

with interbedded brighter monohydrated sulfates and 

darker Fe-smectites (Figure 2C). These folded deposits 

are unconformably overlain by a monohydrated sul-

fate-bearing unit (Figure 2B). The upper most unit 

exhibits bright layers with polyhydrated sulfate signa-

tures. 

Figure 1. Spectral identification of poly- and 

mono-hydrated sulfates and Fe-smectites 
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Geochemical Modeling Results: 

Thermodynamic modeling was conducted to ex-

plore conditions that could produce co-occurrence of 

smectites and sulfates. We hypothesize that fluvial 

events deposited basaltic sediments. These sediments 

were then altered by rising ground water interacting 

with Mars atmosphere or meteoric water with addition 

of volcanic SO2 emissions. Smecites were generated 

along with SO4-bearing aqueous solution. Fe smectites 

form at samller extent of weathering as compared to 

Mg smectites, especially under oxidizing conditions. 

Evaporation of the resulting fluids produce evaporites, 

primarily Mg sulfates with additional Ca and Na sul-

fates. Repeating mechanical transportation of clastics 

by fluvial events, altering with upwelling ground water, 

and evaporation of the residual fluids produce 

interbedded smectite and hydrated sulfate-bearing lay-

ers. The volume of the resulting collection of 

phyllosilicates and evaporites were calculated assum-

ing that the phyllosilicate interlayers are collapsed and 

fully dehydrated and that the other minerals occur with 

the tabulated molar volumes. These calculations 

demonstrate that evaporite to phyllosilicate volume 

ratios of 0.7 to 1.4 are possible if all of the precursor 

silicate material is altered. It is thus plausible that the 

observed interbedded smectite and sulfate assemblages 

formed in close proximity. However, if the smectite-

bearing units are only partially altered 

then the associated sulfate units re-

quire the addition of ions brought in 

by upwelling ground water or leached 

from other locales as partial alteration 

cannot produce the observed volume 

of sulfates. 

Conclusions: Fe-smectites, mono-

hydrated sulfates, and polyhydrated 

sulfates were identified using CRISM 

hyperspectral image data with distinct 

stratigraphic relationships. The 

interbedded monohydrated sulfate and 

Fe-semctite-bearing units are located 

at the bottom of the stratigraphic col-

umn, unconformably overlain by a 

monohydrated sulfate unit. Geochem-

ical modeling results indicate that it is 

plausible that the observed 

interbedded smectite and sulfate as-

semblages formed from repeating 

mechanical transportation of clastics 

by fluvial events, altering with rising 

ground water, and evaporation of the 

residual fluids. 
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Figure 2. Stratigraphic relationships of hydrated minerals 

1645.pdf44th Lunar and Planetary Science Conference (2013)


