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Introduction: The martian surface is composed 

largely of minimally altered basalts that have been ex-

posed to predominantly hyper-arid, hypo-thermal, and 

oxidizing conditions.  The physical and chemical inte-

raction between basalts and this environment has not 

been fully explored in the past.  What  is the specific 

process of alteration and its resulting products and how 

might they be identified and studied on the martian sur-

face?  In this study, we investigate the hyper-arid and 

hypo-thermal alteration processes in the McMurdo Dry 

Valleys (MDV) of Antarctica, where a “Mars-like” li-

thology (the Ferrar Dolerite) [1] has been weathering 

under “Mars-like” conditions [2] for millions of years.  

As a result of this process, alteration rinds and oxide 

coatings are predicted to form and can influence the 

interpretation of rock surfaces using remote spectral 

datasets. The identification of alteration rinds and coat-

ings on rocks across the martian surface [e.g., 3-5] may 

indicate the widespread occurrence of such processes. 

Antarctic Field Work and Laboratory Analyses: 

Sample Collection and Preparation.  Fourteen sam-

ples were collected along an age transect through cen-

tral Beacon Valley [6].  Rock chips were created for 

spectroscopic and morphologic investigations.  Powders 

of sample interiors and rinds were created for minera-

logical and chemical analyses using a diamond-tipped 

rotary drill; depth of rind sampling was confined to the 

uppermost 200 μm of the sample surface.  Morphologi-

cal investigations include optical microscopy, transmis-

sion electron microscopy, and scanning electron micro-

scopy.  Mineralogical investigations include visi-

ble/near-infrared (VNIR) reflectance and mid-infrared 

(MIR) emission spectroscopy, X-ray diffraction, and 

Mössbauer spectroscopy.  Chemical investigations in-

clude inductively coupled plasma atomic emission spec-

troscopy via flux fusion and electron microprobe ana-

lyses. 

Signatures of Alteration.  Alteration rinds were ob-

served on all fourteen dolerite samples.  These rinds are 

defined as an oxidized outer layer that seamlessly tran-

sition into the unaltered rock interiors with the original 

crystal structure still largely preserved.  None of the 

rinds appear as depositional coatings, confirming that 

they are not the result of simple chemical precipitation 

but represent the products of an internal reaction. 

Mineralogical and chemical analyses along transects 

from the unaltered interiors to the exterior rinds docu-

ment little change in bulk chemistry and mineralogy.  

The largest observed change is a ~10% increase in 

Fe
3+

/FeTotal.  This is clearly observed  in visible/near-

infrared spectroscopy and quantified using Mössbauer 

spectroscopy.  Fe
3+

 is either present as a nanophase 

component or in the primary crystal structures.  MIR 

emission spectroscopy also suggests an increase in 

amorphous aluminosilicate components in the rinds 

relative to their interiors with increasing rind develop-

ment. 

VNIR spectroscopy shows considerable variation 

between rock surfaces and interiors that include an in-

crease in overall albedo and a deep absorption feature 

in the visible wavelengths caused by the presence of 

optically significant Fe
3+

.  MIR spectroscopy shows a 

weakening of spectral signatures associated with prima-

ry mafic minerals (plagioclase, pyroxene) and a streng-

thening of narrow absorptions centered near 1100 cm
-1

 

and 470 cm
-1

 that are associated with amorphous alumi-

nosilicates.  These strong spectral signatures associated 

with oxidation-driven alteration are intriguing in that 

they are not representative of significant chemical or 

mineralogical changes but are diagnostic of alteration in 

cold and dry environments.  Consequently, this becomes 

an indicator for interpreting surface compositions using 

VNIR through MIR spectroscopy.  Additional work 

focused around transmission electron microscopy is 

underway to investigate the relationship between these 

observed spectral signatures and the alteration 

processes. 

Alteration Process Characterization.  Given the 

oxidation-potential difference between the dolerite inte-

riors and the terrestrial atmosphere, oxidation can be 

effected by the migration of relatively mobile cations 

(Ca
2+

, Mg
2+

, K
+
, Na

+
) to the free surface, where they 

react with atmospheric O2 to form soluble oxide spe-

cies; this ion flux is compensated by a concurrent flux 

of electrons, which is manifested in the local conversion 

of Fe
2+

 to Fe
3+

 (Fig. 1).  These electrons, too, provide 

the charge necessary for ionization of the atmospheric 

O2 [7].  This process most efficiently dissipates the 

Gibbs energy despite causing significant and distinctly 

metastable textural changes in the process.   

The present internal reaction fronts represent distinct 

metastable reactions that occur due to a surplus of Fe
3+

 

caused by the inward migration of electron holes.  Mul-

tiple oxidation fronts can form as a function of locally 

exceeding an Fe
3+

 oxidation buffer within the rock and 

relative cation mobility (Fig. 1).  The lack of preserved 

soluble oxide species on sample surfaces throughout 

Beacon Valley is likely due to a combination of aeolian 

abrasion and aqueous dissolution, mobilization, and 

deposition in the regolith during transient episodes 

1597.pdf43rd Lunar and Planetary Science Conference (2012)



when liquid water is present [2].  Additionally, very 

little cation leaching is required to produce the observed 

spectral and chemical variations; the precise amount 

necessary is a topic of current investigation. 

Martian Observations and Implications: The oxi-

dation potential between martian basalts [8] and the 

martian atmosphere creates a similar dynamic response 

to that observed in Beacon Valley, resulting in wide-

spread oxidation.  VNIR reflectance spectroscopy of 

martian low albedo terrain confirms the ubiquity of na-

nophase iron oxides and minimally altered basaltic ter-

rains [9,10].  Similarly, MIR emission spectroscopy of 

low albedo surfaces are best modeled as largely unal-

tered basalts with variable contributions of amorphous 

aluminosilicate materials, particularly at high latitudes 

[11].  These spectral signatures are analogous to the 

altered dolerite surfaces found in Beacon Valley, which 

imply that oxidation-driven alteration processes may be 

an important contributor to many of the spectral signa-

tures observed on Mars. 

Alteration rinds of varying morphology were direct-

ly observed on both Humphrey and Mazatzal, two pi-

critic basalts in the plains of Gusev Crater analyzed by 

the Mars Exploration Rover Spirit [12].  The alteration 

rind on Mazatzal appears to be a complex depositional 

rind that completely masks the underlying lithology, 

while the rind on Humphrey is more analogous to those 

observed in Antarctica where soluble coatings may have 

been remobilized by environmental processes.  Obser-

vations of both rocks, however, are largely consistent 

with products of oxidation-driven alteration.  The venti-

facted nature of Mazatzal may have hindered aeolian 

abrasion during recent episodes of alteration, thus pre-

serving these delicate layers.  On the other hand, the 

upright nature of Humphrey may result in the effective 

scouring of deposited materials and preservation of 

solely the oxidized rind.  VNIR spectra from the Pan-

cam on Spirit also show a ferric iron absorption in the 

visible wavelengths and an increased albedo in the NIR 

on both rocks, consistent with our observations of al-

tered dolerites in Beacon Valley. 

As shown in Beacon Valley, oxidation-driven altera-

tion and subsequent redistribution of weathered mate-

rials can dominate the observed spectral signatures.  

Additionally, subaerially altered materials on Mars were 

likely to have been subjected to oxidation processes 

prior to aqueous alteration.  Such a scenario could sub-

stantially modify the starting compositions that were 

subsequently altered and could influence models of 

aqueous alteration. 

Future Work: Investigating the link between spec-

troscopy and the oxidation-driven alteration processes 

observed in Beacon Valley is vital towards understand-

ing the relationship between remote observations and 

physical, chemical, and mineralogical properties of pla-

netary surfaces.  Additional laboratory measurements, 

including laser-induced breakdown spectroscopy and 

transmission electron microscopy will be utilized to 

detail the chemical and physical changes that occur 

within alteration rinds.  Analyses of brushed and ground 

rock surfaces from the Mars Exploration Rovers may 

hold valuable information regarding the nature and ex-

tent of oxidation and alteration, and future work will 

utilize these data to investigate such processes.  Ulti-

mately, upon landing in Gale Crater, the Mars Science 

Laboratory will be well equipped to investigate altera-

tion processes and products using its scientific payload.  

The preservation of these alteration products on the 

martian surface can provide valuable information re-

garding the rate of oxidation, the antiquity and stability 

of the surface, the erosive nature of the current martian 

atmosphere, and the composition of the underlying ma-

terials. 
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Fig. 1.  A sketch of the oxidation-driven alteration 

process.  A layer of oxides is created as cations (Me
2+

) 

and electrons (e
-
) diffuse to the free surface in response 

to the large oxidation-potential difference.  Electron 

holes (h
•
), manifested as Fe

3+
, diffuse into the rock to 

counter this cation flux.  This process results in the local 

concentration of Fe
3+

 exceeding different redox buffers, 

creating the observed oxidation fronts.  Environmental 

processes, including aeolian abrasion and aqueous dis-

solution, can easily remove the surficial oxide layers, as 

is observed in Beacon Valley. 
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