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Introduction: Liquid water is a necessary ingredi-

ent for life on Earth and therefore is likely essential to 
possible life on Mars. Brines on Earth are able to host 
life at a wide range of temperature and water activities. 
While surface conditions on Mars are not able to sus-
tain pure liquid water, brines may exist temporarily 
[1]. Dissolution rates of olivine, jarosite and basaltic 
glass in the presence of brines have previously been 
measured  [2, 3, 4].  Nontronite is an iron-rich clay 
mineral that has been detected on the surface of Mars, 
particularly in ancient terrains [5, 6]. If an alteration 
signature could be identified that helps determine the 
activity of water interacting with nontronite mineral 
surfaces, such altered nontronite might be able to shed 
light on the characteristics of possible past habitable 
environments on Mars.  

In these experiments, dissolution rates of nontronite 
were measured as a function of activity of water 
(aH2O) and temperature. Upon completion, reacted 
material was examined to attempt to identify an altera-
tion signature indicative of brine dissolution. The re-
sults of this work could help interpret past aqueous 
conditions on Mars and provide a better understanding 
of the habitability of past martian environments.  

Methods: The Clay Mineral Society nontronite 
standard NAu-1 was used for all experiments. 
Nontronite was crushed and sieved to a size fraction of 
40-125µm. Powdered nontronite was ultrasonicated in 
ethanol at two minute intervals to remove ultra fine 
particles. Washed material was examined using Scan-
ning Electron Microscopy (SEM) to ensure the remov-
al of ultra fine particles.  

Experimental Setup: Batch dissolution experiments 
were designed to measure dissolution as a function of 
activity of water and temperature. Experiments were 
designed for aH2O = 1.00, 0.75, and 0.35 solutions 
using either CaCl2 or NaCl. Solutions of 1.00 aH2O 
were made using either 0.01 M NaCl or CaCl2, and are 
similar to natural waters on Earth [7], saturated NaCl 
and 33 wt% CaCl2 solutions were used as 0.75 aH2O 
brines, and a 50 wt% CaCl2 solution was used as a 0.35 
aH2O brine[8]. All solutions were adjusted to pH 2.0 
using high purity HCl. All solutions were used in ex-
periments at 25ºC, and 1.00 aH2O CaCl2 solutions 
were also used for experiments at 4ºC and 45ºC. Batch 
reactors were agitated at 100 strokes per minute. Ten 
ml of sample were removed at each sampling period. 
The sampling period was three hours, three times a day 
for one week for all experiments at or above 25ºC and 

with an activity of water of 0.75 or higher. For experi-
ments with either an activity of 0.35 or at 4ºC, sam-
pling occurred once per day for two weeks.  The pH of 
the sample was measured on a separate aliquot of un-
filtered sample, and then the remainder of the 10 ml 
sample was filtered through a  0.45µm polypropylene 
syringe filter, acidified to 1% v/v with high purity 
HNO3, and stored at 20º C until analysis. Each condi-
tion was run in duplicate and a blank reactor contain-
ing identical solution with no mineral was run along 
side each set of duplicates to serve as a control.  

Analyses: SiO2 concentrations were measured with 
a Thermo Genesys 10S UV-Vis spectrophotometer 
using a colorometric method optimized for measure-
ment of silica in brines based on ASTM and EPA 
methods for measuring silica in water[9, 10, 11]. Silica 
standards were treated in the same way as the samples 
with matrix-matched standards.  At the end of the ex-
periments, the reacted material was rinsed in 18.2 MΩ 
water and frozen for at least 24 hours before being 
freeze dried.  Freeze dried samples were observed us-
ing a JSM-5600 Scanning Electron Microscope and 
Energy Dispersive Spectroscopy (EDS). SEM provid-
ed µm scale images of reacted material while EDS 
gave a general chemical composition, and images of 
reacted material were compared to  unreacted material. 

Calculations: Measured concentrations were cor-
rected for the volume of sample removed using the 
equation [6]:  

mt = mt-1 + (c(t) – c(t-1))V(t-1)    (1) 
where m is moles of silica released, c is concentra-

tion of silica in moles•liter-1, and V is volume in liters. 
Results: To account for precipitation reactions as 

the solutions approached equilibrium, we fit the data 
using the following equation, after [4]  
−𝑚ss    𝑙𝑛  (1 −   
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where m is moles released of silica, calculated by mul-
tiplying the change in [SiO2] by the volume of remain-
ing solution at each time point, Mss is moles released at 
steady state, A is the surface area, kdiss is the apparent 
rate constant in mol m-2 s-1, and t is time in seconds.  

The fastest dissolution rates were observed in dilute 
experiments, with dissolution rates decreasing as the  
activity of the water decreased (Figure 1).  Similarly, 
as temperature increased so did the dissolution rate 
(Figure 2). Using rate constants from all reactors, an 
activation energy of dissolution was calculated.   
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SEM images show textured surfaces in both reacted 
and unreacted material. This textured surface appears 
more common in samples with low aH2O (Figure 3). 

 
Figure 1. Moles silica released as a function of time at aH2O 
of 1.00, 0.75, and 0.35. Data points are the average of dupli-
cate reactors.  

 
Figure 2. Moles silica released as a function of time at tem-
peratures of 4ºC, 25ºC, and 45ºC. Data points are the average 
of duplicate reactors. 
 

Conclusions: Dissolution of nontronite was slower 
in brines with low activity of water compared to dilute 
solutions both in these experiments as well as com-
pared to previous work [13]. The increase in textured 
surfaces could indicate alteration caused by brine dis-
solution.  Weathered nontronite on Mars may therefore 
record the conditions under which it was altered, help-
ing interpret past environmental conditions on that 
planet.      
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Figure 3. Unreacted and reacted surfaces of NAu-1. (A) Un-
reacted NAu-1observed before dissolution experiments. Re-
acted NAu-1 removed from reactors (B) 25ºC 1.00 aH2O 
CaCl2, (C) 25ºC 0.75 aH2O CaCl2, (D) 25ºC 0.35 aH2O 
CaCl2, (E) 4ºC 1.00 aH2O CaCl2, (F) 45ºC 1.00 aH2O CaCl2. 
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