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Introduction:  In acid environments, ferric oxides 

and ferric sulfates form depending on the iron/sulfate 

ratio, pH, temperature, water-to-rock ratio, etc.  Incon-

gruent dissolution of iron-bearing sulfate minerals by 

episodic or continuous wetting serves as a source of 

nanophase iron oxides.  Aqueous transport of ferric 

iron on Earth is limited by the insolubility of ferric 

oxides.  Thus, the mineralogy and textures of ferric 

sulfate reaction products in association with the prima-

ry grains provides clues to the conditions during their 

formation (e.g., [1]).  Additionally, nanoparticlate min-

erals can be transported for hundreds of kilometers in 

stream systems as colloids [2] or globally as wind-

borne dust [3,4]. Thus ferric sulfate-bearing units ex-

posed to aqueous solutions could serve as sources of 

nanophase iron oxides to sediments either located hy-

drlogically down-gradient or when receiving inputs 

from atmospheric dust deposition.  Relationships be-

tween the ferric sulfate jarosite, observed on Mars [5], 

and its reaction products by aqueous dissolution in 

laboratory experiments are reported here. 

Methods:  Synthetic jarosite was prepared and 

characterized by Atomic Force Microscopy (AFM), 

powder X-ray diffraction (XRD), Scanning Electron 

Micorscopy (SEM), and Transmission Electron Mi-

croscopy (TEM) before and after dissolution reactions.  

Jarosite was added to batch reactors at temperatures of 

277 K, 298 K, 313 K, or 323 K containing solutions 

adjusted to pH 2 with sulfuric acid, with ultrapure wa-

ter only, solutions buffered to near-neutral pH with 

MES, or solutions adjusted to basic pH values with 

NaOH.  Most experiments were conducted for approx-

imately one month, although durations were in some 

cases as long as 14 months.  

Results:  Jarosite grain textures.  Under acidic 

conditions, circular pitting dominated over uniform 

grain boundary retreat.  This effect was emphasized by 

higher temperatures, in which skeletal grains preserve 

nearly intact grain boundaries.  Particle size distribu-

tions by grain counting did not appear to measurably 

change over the course of one month.    Jarosite grains 

were too thick to obtain electron diffraction patterns 

from particle interiors.  However, selected samples 

were embedded in resin and sectioned, demonstrating 

that particle interiors were single-crystal jarosite.  Alt-

hough dissolution was incongruent, accumulation of 

Fe-oxides in particle interiors was not observed. 

Higher-pH dissolution led to unique textures.  Ac-

cumulations of ferrihydrite often led to preservation of 

the grain boundaries, while the particle interiors were 

completely dissolved.  

Reaction product mineralogy and textures.  The 

phase distribution, textures, and time-course evolution 

of reaction products depended strongly on pH and 

temperature.   In all cases, reaction products were na-

noparticulate.  Schwertmannite-like crystallites were 

found only at the lowest temperature investigated.  

Maghemite formed initially for all room-temperature 

experiments.  At pH 2, no reaction products were ob-

served past 10 days.  Above initial pH values of 6.2, 

ferrihydrite was the predominant additional reaction 

product and no goethite/hematite was observed.  Be-

tween initial pH values of 4.4 and 6.2, the mineralogy 

was initially dominated by maghemite but over weeks 

became dominated by hematite.  Minor goethite was 

observed in experiments with initial pH of 6.2.  Coars-

ening of hematite and goethite was observed over 14 

months at room temeprature; however, crystallites re-

mained nanoparticlate.  

Discussion:  Jarosite grain textures themselves give 

very little information about dissolution conditions 

below neutral pH, but were in some cases significantly 

different under basic conditions.  Dissolution of jaro-

site can serve as both a source of nanoparticlate ma-

ghemite, known to be present in Mars dust [6], and 

hematite.  However, maghemite converts to hematite as 

the contact time with solution or water-to-rock ratio 

increases. 

The influence of sulfate was seen in reaction prod-

uct mineralogy and morphology, favoring hematite 

over goethite in the short-term.  After 14 months at 

room temperature in ultrapure water, both goethite and 

hematite coarsened, but goethite dominated by powder 

XRD.  The lack of goethite on Mars suggests low wa-

ter-to-rock ratios predominated in the past. Additional-

ly, associations of sulfates with hematite and ma-

ghemite are suggestive of acidic paleo-solutions. 
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