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Introduction:  K, U, and Th are important ele-

ments for deciphering the evolution of a planetary 
crust and mantle. Th and U behave similarly in mag-
mas and concentrate in residual glass, phosphates, zir-
con, and other minor minerals. K resides in feldspar 
and glass. Mars Odyssey Gamma Ray Spectrometer 
(MO GRS) data show that the K/Th ratio varies con-
siderably over the martian surface [1]. Some of this 
variation might be caused by aqueous processes.  

To evaluate the role of water in the distribution of 
K, Th, and U, we are investigating mineral dissolution 
rates. Aqueous alteration will dissolve the phases con-
taining these elements at different rates, which can 
lead to fractionation and changes in K/Th, K/U and 
U/Th ratios. Th is resistant to transport [2], but some 
losses (up to 40%) can occur when the element is mo-
bilized in solution [3]. Th may quickly reprecipitate as 
a new phase or be adsorbed shortly after dissolution. 
Therefore, for simplification we can assume that the 
overall abundance of Th does not change. However, K 
is more readily transported once in solution. Leaching 
experiments on martian meteorites [4] indicate that K 
is contained in more resistant minerals (plagioclase) 
and thus not leached, while U is mainly found in phos-
phates which dissolve more quickly (and thus is 
leached). These experiments provide a good example 
of how dissolution rates may affect abundance ratios. 

As K, Th, U-bearing minerals dissolve, the K/Th, 
K/U, and U/Th ratios will change. Here we investigate 
the potential variation in these ratios as an indicator of 
the time during which Martian surface materials were 
exposed to liquid water. 

Aqueous Alteration Pathways:  In Shergotty, K is 
found primarily in feldspar and residual glasses, while 
Th and U are found mainly in phosphates (and glass) 
[5]. Elements dissolved from mineral phases may be 
reprecipitated into secondary minerals or adsorbed 
onto mineral surfaces. Or, elements can be transported 
in solution away from the reaction surface and precipi-
tate at a distace. If an element is reprecipitated into 
secondary minerals nearby or adsorbed onto the min-
eral surface without transport, the element still remains 
in the source region, and the bulk rock abundance does 
not change. This is generally the case for Th [2]. On 
the other hand, some minerals are more resistant to 
dissolution in aqueous solutions, and elements are not 
released as quickly into solution to either be reprecipi-
tated or transported. Both immobility of elements 
(such as Th) or resistance of minerals play a role in 
bulk K/Th, K/U, and U/Th ratios. 

Calculations:  Here we investigate the range of 
K/Th, K/U, and U/Th ratios possibly induced by aque-
ous alteration of Shergotty. We calculate dissolution 
rates and times for component minerals of a basaltic 

shergottite composition. Volume 
% abundances of component min-
erals are reported by Hicks (2002) 
[6] for Shergotty. Stolper and 
McSween (1979) [5] determined 
the wt% abundances of K2O in 
Shergotty and Zagami mineral 
components. We start by assum-
ing a given volume of Shergotty 
material (a spherical particle with 
1mm diameter). From the values 
of Hicks (2002) and Stolper and 
McSween (1979) we can calculate 
the starting mass of K, U, and Th 
(in grams) for each mineral com-
ponent. For simplification of cal-
culations, we assume that the total 
mass of Th and U is contained in 
the phosphate phase. Next we 
employ standard dissolution rates 
for feldspar [7-8], phosphates [9], 
and glass [10-11]. For simplifica-
tion we assume mesostasis in our 
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Figure 1: Residence times of minerals depending on temperature (°C) and pH.
Fluorapatite (FAP) [9], albite [7], anorthite [8], glass (high SiO2 [11]), low SiO2 glass 
[10]. Phosphates and glasses dissolve faster than feldspars. The An55 residence time 
curve presumably lies between the albite and anorthite endmember curves. 
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model is composed only of basaltic glass. 
Basaltic shergottites have plagioclase compo-
sitions ~An55, intermediate between albite 
and anorthite [12]. Presumably, the dissolu-
tion rate for our starting composition is also 
intermediate between the two endmembers. 
The plagioclase in Shergotty has been con-
verted to maskelynite by shock; it is a plagio-
clase glass without crystal structure (e.g. 
[12]). Dissolution studies of albite glass and 
crystalline albite by Hamilton et al. (2000) 
[13] indicate that crystalline minerals have 
similar dissolution rates to glasses (although 
some differences do exist). However, it is 
likely that most materials on the martian sur-
face are not heavily shocked. 

Changes in K, Th, U Abundance Ratios with 
Aqueous Alteration
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High SiO2 basaltic glass dissolution ex-
periments (78.8 wt% SiO2) were performed 
by Gislason and Oelkers (2003) [11]. Brown-
ing et al. (2003) [10] calculated that low SiO2 
glasses dissolve ~5 times faster than high 
SiO2 glass. Stolper and McSween (1979) [5] 
reported SiO2 wt% of ~76 for Shergotty 
mesostasis, which corresponds best to the 
experiments of Gislason and Oelkers. There-
fore, in our calculations we used the rate con-
stants of [11] for high SiO2 basaltic glass. 

Figure 2: Changing K, U, Th ratios with progressive aqueous alteration
at pH 5. Temperature (T) is in units °C. From the plot we can see that K 
is slowly lost to the system over ~10,000 – 1,000,000 years. A small 
amount of K is initially lost rapidly from phosphates and mesostasis, but 
after these minerals have degraded, the loss of K (and the change in 
K/Th) decreases. Th/U and K/U curves end when all the phosphates are 
dissolved and no U remains in the system. K/Thmobile (not shown) ratio
curves resemble the K/U and Th/U ratio curves above. 

After determining the dissolution rate for 
each mineral we can calculate the amount of 
material remaining using integration:  
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r0 = starting radius, ri = radius at time t, ρ = density, 
mw = molecular weight, and R = dissolution rate. 
From the volume remaining we can calculate the 
amount of K, Th, and U remaining and thus the K/Th 
and U/Th, and K/U ratios.  

Results.  Fig. 1 plots the time until complete disso-
lution of shergottite component minerals (1 mm di-
ameter spheres) at 5°, 25°, and 100°C. From this plot 
we can see how pH affects the residence time of these 
minerals. Phosphates and glasses decompose more 
quickly than the feldspars; this results in faster release 
of bound K, U, and Th. Since the remaining amount of 
these elements is dependent on rate of mineral dissolu-
tion, we will see a change in K/Th, K/U, and Th/U 
(Fig. 2).  

Conclusions: Aqueous processes can cause 
changes in K, Th, and U abundance ratios. However, 
we cannot rule out primary fractionation of U, K, and 
Th by igneous processes. The K/Th ratio varies among 
basaltic martian meteorites [14-15], but Th/U does not. 
Therefore, some of the variation in K/Th on Mars may 

be due to aqueous processes. Measurements of Th/U 
will provide more information about the extent of 
aqueous alteration. As Fig. 2 shows, aqueous alteration 
changes K/U and Th/U much more strongly than it 
does K/Th (assuming Th is not lost to the system). 
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