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Introduction:  Jarosite is a ferric sulfate mineral 

that is found on Earth and on Mars [1, 2]. Dissolution 
rates of jarosite are used to constrain the duration of 
aqueous diagenesis on Mars [3]. Late-forming diage-
netic sulfate and chloride minerals observed at Meridi-
ani Planum indicate that brines may have interacted 
with jarosite [4, 5]. Previous dissolution batch experi-
ments using brines found a slower initial dissolution 
rate, but accelerating dissolution higher rates over 
time, likely due to chloride complexation with iron [6]. 

This study examines hydrologic influences on jaro-
site dissolution rates and mechanisms through compar-
ison of flow-through dissolution rates with previous 
batch dissolution experiments. The flow-through reac-
tor represents an open system with fresh solution con-
stantly flowing in one direction, such as a regional 
groundwater environment where fluids flow through 
sediment and carry away by-products of any reactions. 
Previous batch experiments represent a more con-
strained fluid system, where liquid water enters, reacts 
with the mineral, but is not transported away, similar to 
an evaporative pond. 

Methods:  K-Jarosite was synthesized using the 
method described by Driscoll et al. [7]. The mineralo-
gy was confirmed with X-Ray Diffraction and micro-
probe analysis. The surface area (1.5 m2 g-1) was 
measured using the BET method. Dissolution rates 
were measured in a flow-through reactor with ultra 
pure water (UPW), NaCl brine, and CaCl2 brine. In 
each experiment, synthetic jarosite (~0.1 g) was placed 
on a 0.2 µm filter paper and secured in a 13 mm poly-
carbonate filter holder. The experimental solution was 
pulled through the filter holder at 0.005 or 0.048 L hr-1 

using a Haake Buchler duostaltic pump, which allows 
for the experiment to be run in duplicate. Samples 
were collected from the outflow solution at predeter-
mined intervals and filtered again using a 0.2 µm sy-
ringe filter. The pH was recorded in separate aliquots 
of solution, but was not measured in the brine experi-
ments.   

The samples were diluted 1:1 using a matrix modi-
fier (HNO3 + NaCl) for potassium analysis using ma-
trix-matched flame Atomic Absorption Spectropho-
tometry. The dissolution rates were determined using 
the equation:  

𝑟 =   
(𝑚!"# −   𝑚!")𝑣

𝐴𝑀!
 

where r is the rate of appearance of product (mol m-2 s-

1), mout is the concentration output (mol L-1), min is the 
concentration of the input solution (mol L-1), v is the 
flow rate (L s-1), A is the surface area per g of solid in 
the reactor (m2 g-1), MS is the mass of the solid in the 
reactor (g) [8]. The mout was determined by plotting the 
concentration data over time and averaging the concen-
trations of 19 samples that represented a “steady state” 
time period in the flow-through reaction. 

Results:  The dissolution rates of the NaCl brine 
flow-through experiment were slower than the rates in 
the UPW flow-through experiment, consistent with 
previous batch dissolution experiments (Figure 1).  In 
addition, all the flow-through experiments showed 
significantly slower dissolution rates compared to 
batch experiments under similar conditions (averaging 
log r = -13.69 mol m-2 s-1 compared to log r = -9.57 
mol m-2 s-1 in the batch reactor).  

A 3-day UPW flow-through experiment was also 
analyzed at an increased flow rate (0.048 L hr-1 com-
pared to 0.005 L hr-1) to examine the effects of flow 
rate on the dissolution rate. The dissolution rates ob-
served in the faster flow rate experiments were similar 
to those observed in the slower flow rate experiment.  

In all of the UPW experiments, the pH increases 
sharply at the beginning of the experiments (Figure 2), 
but then lowers and levels off around pH = 5 for the 
higher flow rate experiment and around 4.6 for the 
lower flow rate experiment. Previous UPW batch ex-
periments had a pH of 4.4.   

Discussion: Significantly slower rates observed in 
the flow-through experiments compared with previous 
batch reaction experiments are likely due to differences 
in the method for determining dissolution rates be-
tween the two different experimental regimes. The 
rates determined from the batch reaction experiments 
are initial rates, extrapolated to time = 0s using the 
initial rate method described in Rimstidt and Newcomb 
[9]. In flow-through experiments, the rate is deter-
mined once the solution achieves steady state (little to 
no change in solute concentration), often after several 
hours or days of reaction, excluding the initial solute 
data from the calculation. Therefore, absolute values of 
initial dissolution rates determined from batch reactors 
cannot be directly compared to steady state dissolution 
rates determined from flow-through experiments.   

However, rates of dissolution in the NaCl brine 
were approximately one order of magnitude slower 
than those observed in UPW, similar to the difference 
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in rates observed in the batch reaction experiments.  
This suggests that differences in rate trends may hold, 
despite differences in how the rates were determined. 

The similar dissolution rates found in the slower 
and faster flow rate experiments with UPW suggest 
that the mineral dissolution rate is the rate-determining 
step in both experiments and the system is not 
transport-limited under the range of flow-rates deter-
mined here.  

Differences in pH observed between the varying 
flow-rate experiments with UPW (Figure 2) may be 
due to differences in reaction products. The higher pH 
in the short-term experiments may be due to a lack of 
formation of reaction products due to limited time for 
nucleation in higher velocity fluids. XRD analysis of 
the reaction products and Fe concentration measure-
ments of the solutes are ongoing and results will be 
applied to test this hypothesis. Flow-through dissolu-
tion experiments using a CaCl2 brine are ongoing and 
will be compared to both UPW and NaCl results to 
further test the effects of brines and reaction products 
on jarosite dissolution rates.  

 
Figure 1. UPW (solid diamonds) and NaCl brine (open 
circles) flow-through dissolution rates are significantly 
slower than initial rates determined from reactor batch 
experiments (flow velocity = 0). However, within the 
flow-through experiments, increased flow rate had 
little effect on the dissolution rates. The NaCl dissolu-
tion rate is consistently slower than the UPW dissolu-
tion rate, in both experimental systems.  

 
Figure 2. The pH of the faster flow rate UPW experi-
ment (open triangles and circles) is higher than the 
slower flow rate UPW experiments (solid diamonds 
and squares). A and B are replicates of the same ex-
perimental conditions. The line at 4.4 represents the 
pH for previous UPW batch reactor experiments, 
where hematite was commonly observed as a reaction 
product.  
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