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Introduction and Background: Jarosite was dis-

covered in outcrop rocks at Meridiani Planum by MER 

Opportunity [1]. Jarosite typically indicates water lim-

ited rock alteration [2] and thus evaporation in acidic 

environments [3], or weathering of sulfide-rich depos-

its in oxidative environments [4, 5]. Jarosite was taken 

as evidence for general acidic conditions with implica-

tions for the possibility of life during formation of the 

Meridiani Planum outcrop deposits [6]. 

However, jarosite has recently been observed in 

other environments, not all acidic. These include the 

local oxidation of pyrite in generally neutral freshwater 

spring environments [7,8], and in microenvironments 

in carbonate-buffered systems in cold, arid contexts 

[9,10]. The current study strives to explain the unex-

pected occurrence of jarosite in the altered tephra of a 

Pleistocene saline-alkaline paleolake deposit at Oldu-

vai Gorge, Tanzania [11] that is dominated by zeolites 

usually formed in closed basins at pH 9-10 [12]. 

The Olduvai Paleolake: This paleolake deposit fol-

lows a typical “bulls-eye” pattern of saline-alkaline 

authigenic mineralization (Fig 1), with K-feldspar and 

the zeolite mineral phillipsite dominating the altered 

tephra of the central basin, zeolites phillipsite and cha-

bazite further out, and clays at the lake margin. Mg- 

and Fe- rich smectite clays are present throughout.  

 

 
Figure 1: Map of Olduvai Gorge with superimposed Plio-

Pleistocene lacustrine environments. Jarosite was only found 

in the lake center (dark green) sites. Map after [13] 

Methods: 65 samples of altered tephra and four of 

lacustrine claystone from above and below jarosite-

bearing altered tephra were collected over five field 

seasons at Olduvai. Sampling covered a transect from 

the central lake to the margin. The pH and conductivity 

of two modern springs at Localities (Locs) 78 and 82 

were also measured. One jarosite-bearing site (Loc 80) 

was sampled during three visits. Each sample was 

powdered and analyzed by X-ray Diffraction (XRD). 

Samples from each environment were also analyzed by 

Mössbauer, and jarosite-bearing samples by Scanning 

Electron Microscopy (SEM) and Fourier transform 

infrared (FTIR) reflectance spectroscopy (methods of 

[11]). Jarosite composition for one Loc 80 sample was 

measured directly by electron microprobe (EPMA). 

Mössbauer spectra were obtained at room temperature 

with a laboratory copy of the MER instruments [14]. 

Results: Jarosite occurred, in concentrations rang-

ing from 0.3 to 6%, in samples of altered tephra from 

all of the central lake basin localities. These samples 

were dominated by phillipsite and authigenic K-

feldspar (with minor clays). Jarosite was not observed 

in all lake-altered tephra samples, and was not recog-

nized in the lacustrine clays, intermittent, or lake mar-

gin environments. SEM images indicate that the 

jarosite is in textural association with smectite and 

phillipsite (Fig 2). The EPMA analyses reveal a K-rich 

jarosite with minor substitution of Al for Fe (Table 1). 

FTIR and Mössbauer results are presented and dis-

cussed in Figures 3 and 4. 

 
Figure 2: SEM backscatter image of a jarosite and phillipsite-

bearing sample from Loc 80. Jarosite is brightest, phillipsite 

forms laths, and smectite occus in the matrix. 

SiO2 Al2O3 Fe2O3 Na2O K2O SO3 SUM 

1.00 3.33 39.07 0.33 8.12 29.84 81.85 

0.50 0.53 1.51 0.23 0.62 0.96 1.53 

Table 1: EPMA compositions for Loc 80 jarosite (average of 

8 analyses and standard deviation). Low totals attributed to 

small grain size (<1 µm) and hydration. 

Jarosite 

Phillipsite 

Smectite 
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Figure 3: The FTIR spectra show two characteristic smectite 

hydration bands at 1.4 and 1.9 !m, a clear band at 2.3 mm 

due to the Fe-OH bond, and a weaker band at 2.2 !m due to 

Al-OH in the structure, indicating a Al,Fe
3+-

smectite, likely 

nontronite. Jarosite is identified by 4 major bands at 1.46, 

1.85, 1.92 and 2.26 mm. A weak absorption band at 1.8 mm 

and several “humps” in other larger bands at 1.46, 1.96 and 

2.26 mm are consistent with jarosite as a minor phase. 

 
Figure 4: Comparison of a typical Meridiani Planum, 

Mars, sulfate-rich evaporitic outcrop spectrum (top) with a 

jarosite-rich sample from Olduvai Gorge, Tanzania (bottom). 

Both spectra show two central ferric doublets, jarosite, and 

an unidentified phase designated as Fe3D3 in the Meridiani 

spectrum [1, 15] and jarosite in combination with an Fe-

bearing smectite in the Olduvai spectrum.  

Modern Springs: The modern springs are saline-

alkaline, with pH ranging from 9.29 to 9.54 with con-

ductivities of 14.6 and 25.6 mS at 17.5°C. Trona ac-

tively precipitates at the margins of spring-fed pools.  

Year-to-year variability: The three samples col-

lected from the same spot in three different years 

showed declining jarosite concentrations over time: 

6% in 2006, 2% in 2008, and 0.3% in 2009. This sug-

gests that the jarosite occurrence is ephemeral and re-

lated to the modern weathering environment rather 

than the ancient depositional environment. 

Model: Potential explanations for this unusual 

jarosite occurrence include a potential new high-pH 

stability field for jarosite, formation from modern 

groundwater, or formation in acidic microenviron-

ments caused by modern weathering. The alkalinity of 

the modern groundwater makes it an unlikely source 

for the jarosite. Our favored hypothesis is that the 

jarosite formed from local oxidation of ancient lacus-

trine pyrite, formed initially in a saline-alkaline reduc-

ing environment and now exposed to oxidizing fluids. 

This oxidation reaction produces sulfuric acid in local 

pore spaces (producing an acidic microenvironment), 

and provides Fe
3+

 and sulfate for the formation of 

jarosite. As jarosite is not stable in the large-scale sa-

line-alkaline groundwater environment, it is gradually 

destroyed upon exposure. Only the continued oxidation 

of pyrite allows jarosite to persist in this environment. 

Implications for Mars: The Olduvai paleolake is 

not the best analog for Mars, except for the jarosite 

occurrence. The tephra is phonolitic rather than basal-

tic, and the rest of the assemblage of zeolites and other 

saline-alkaline minerals is at odds with the saline-

acidic assemblage observed at Meridiani. However, the 

presence of jarosite in a deposit dominated by saline-

alkaline minerals shows that jarosite can occur in a 

variety of environments, not all dominated by acidic 

conditions. The presence of jarosite alone should not 

be used as an indicator of predominantly acidic condi-

tions or to rule out the possibility of zeolites or other 

phases in co-existing mineral assemblages. 
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