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Introduction:  Data from the Alpha Particle X-ray 

Spectrometers (APXS) [1] onboard the Mars Explora-
tion Rovers (MER) provide a revolutionary view of the 
diversity of chemical compositions at the martian sur-
face.  Major, minor, and trace element signatures ob-
tained from approximately 300 distinct measurement 
on Mars establish relationships (or lack thereof) be-
tween rocks, between soils, and between rocks and 
soils [e.g., 2-4].  Zinc is one of the elements that has 
been unambiguously detected (Figure 1), and meas-
ured concentrations approach 2300 ppm.  The sys-
tematics of Zn observed in martian samples show that 
it is a likely product of volcanic emissions and is use-
ful as a tracer for certain weathering processes at the 
surface of Mars. 
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Figure 1: Example of raw APXS data with clear indi-
cations of Zn K-alpha and K-beta x-ray peaks. 

 
Volcanic Emissions: The presence of sulfur and 

chlorine in the martian regolith has long been attrib-
uted to condensation of volatiles emitted from volcanic 
events [5-7].  The APXS data from MER clearly sup-
port these earlier conclusions, as the observed ratio of 
S to Cl is nearly constant for the majority of soil sam-
ples analyzed at Gusev Crater and Meridiani Planum, 
which are separated by approximately 180 degrees of 
longitude (Figure 2).  This result indicates that a 
planet-scale process is likely responsible for the distri-
bution of S and Cl in these soils.   

Data from the APXS indicate that zinc is also asso-
ciated with the S (Figure 3) and Cl in martian soils.   
The fourth component of this family is the nanophase 

iron oxhydroxides (np-Ox) detected by the Mössbauer 
spectrometer [e.g., 8] (Figure 4).  Thus, S, Cl, Zn, and 
np-Ox are all well-correlated in martian soils.   

No distinct sulfate, chloride, or zinc mineral phase, 
however, is present in these soils.  Figure 5 illustrates 
ratios of the high S soil endmembers against those with 
low S.  As expected, Cl and Zn are elevated in associa-
tion with S, but there is no clear cation associated with 
the ~several wt% variations in S and Cl.  Zn does not 
suffice as the cation, as the concentrations are too low.  
The likely scenario consistent with these results in-
volves condensation of S, Cl, and Zn on the surfaces 
of soil grains where these elements originated as SO2, 
H2SO4, HCl, and ZnS from volcanic emissions.  The 
acidic volatiles likely produced localized sulfates and 
chlorides on the grain surfaces and acted to oxidize a 
subset of the iron.  Note that typical martian soils re-
main dominated by ferrous iron with a ferric to total 
iron ratio of approximately 0.35, so the extent of al-
teration is likely limited to the surfaces of the soil 
grains. 

The nearly constant relationship between S, Cl, and 
Zn indicate that the majority of the soil samples ana-
lyzed by MER have not experienced significant weath-
ering after the volcanic event(s) that contributed these 
elements.  Exposures to water would have rapidly re-
distributed soluble sulfates and chlorides producing a 
different ratio of these elements, which is suggested in 
certain examples of subsurface soils [9].  
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Figure 2: Linear relationship between sulfur and chlo-
rine in Gusev, Meridiani, and Pathfinder soils is a 
clear indication of a global process. 
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Figure 3: Correlation between sulfur and zinc in mar-
tian soils.  Note that typical concentrations of Zn are 
approximately two orders of magnitude lower than S. 
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Figure 4: Correlation between nanophase ferric iron 
oxyhydroxides (np-Ox) and Zn in martian soils. Points 
along the x-axis are samples without Mössbauer data.  
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Figure 5: Ratio of high S, Cl, Zn soils to samples with 
low concentrations of these components.  No other 
element is clearly associated with these components. 

Isochemical Weathering:  A family of rocks re-
ferred to as "Wishstone" and "Watchtower" classes 
(Figure 6) at Gusev Crater are distinctly characterized 
by elevated P and Ti with Cr at or near the detection 
limit [4, 10].  These rocks are approximately isochemi-
cal but, as established by the Mössbauer spectrometer, 
exhibit ferric to total iron ratios (Fe3+/FeT) ranging 
from 0.25 to 0.94 [8].  In these samples, Zn is corre-
lated with Fe3+/FeT (Figure 7), as well as with the 
dominant Fe3+ components individually: Np-Ox (nano-
phase ferric oxyhydroxides) and hematite.  These ob-
servations indicate that Zn is a tracer for weathering.   

One possible scenario for the alteration of these 
rocks involves interactions with volcanic gases.  Emis-
sions from nearby vents may have interacted with the 
more weathered samples, oxidizing the iron and depos-
iting Zn.  Alteration by water (rather than a purely 
thermal event), possibly originating in a vapor phase, 
is indicated by the presence of goethite (α-FeOOH) in 
the more extensively altered samples [8].  This altera-
tion process necessarily occurred at low water-to-rock 
ratios given the nearly isochemical nature of the sam-
ples.  That is, if larger volumes of water were avail-
able, the more soluble elements would have been mo-
bilized in the weathered samples and the elemental 
signatures would not remain nearly constant.  

 

 
Figure 6: Wishstone (left) and Watchtower (right) 
samples are similar in elemental chemistry, but Watch-
tower is extensively weathered relative to Wishstone. 

 
Zinc and Hematite:  The highest concentration of 

zinc measured by the APXS on Mars (~2300 ppm) is 
of the sample Halley (Figure 8), which also has one of 
the highest percentages of hematite found in samples 
analyzed by the Mössbauer spectrometer (~70% of the 
Fe).  The Fe3+/FeT of Halley is approximately 0.9, in-
dicating an extensively oxidized sample.  Ca-sulfate is 
likely present in Halley (Figure 9), and Zn and Cl are 
also closely associated in this sample (Figure 10).  
Alteration of Halley, possibly through aqueous proc-
esses, is clearly suggested by this evidence.  The high 
concentrations of Zn in this weathered sample provide 
additional evidence that this element is an indicator of 
alteration processes. 
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Figure 7: Ferric to total iron ratio plotted versus zinc 
for the Wishstone/Watchtower family of rocks and for 
typical Gusev soils.  Points along the x-axis represent 
samples where Mössbauer data were not collected.  

 

 
Figure 8: False color Pancam image of the sample 
"Halley." The bright portions of the image represent 
regions of the sample disturbed by the rover wheels. 
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Figure 9: Ca versus S for typical Gusev soils and for 
Halley.  The presence of Ca-sulfate (Ca:S ~ 1) in Hal-
ley is clearly indicated. 

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10-3

0

0.005

0.01

0.015

0.02

0.025

0.03

Zn

C
l

 

 

Gusev Soils
Halley
Halley fit

 

0 1 2 3 4 5 6 7 8

x 10-4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Zn

3+

 

 
Soils
Wishstone RAT
Wishstone Brushed
Methusela
Keel
Paros
Hillary
Watchtower

Figure 10: Zinc concentrations in Halley are substan-
tially greater than found in typical soils and are 
clearly associated with Cl.  

 
Conclusions:  Zinc, sulfur, and chlorine are well 

correlated in the majority of martian soils with no indi-
cations of other elemental associations.  These soil 
constituents are likely condensates of volcanic out-
gassing.  The approximately constant relationships 
indicate that the extent of aqueous weathering of typi-
cal martian soils after the volcanic event(s) which con-
tributed these elements has been minimal to non-
existent.   

Zinc is correlated to the ratio of ferric to total iron 
in a variety of samples where the ferric iron is present 
as a nanophase oxide/hydroxide or as hematite.  This 
indicates that Zn may be used as a tracer for alteration 
of martian surface materials.  
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