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Table 1.  Mössbauer results for MER-B outcrop, compared with candidate phases 
Sol IS QS Bhf A IS QS Bhf A IS QS A IS QS A IS QS A 
 Sextets due to oxides Doublets due to silicates, sulfates, or ?? 
32 .39 -.14 51.3 19 .39 .02 53.8 12 1.14 2.23 12 .41 1.24 29 .43 .66 28 
35 .30 -.17 50.8 25 .33 .06 52.6 10 1.14 2.14 8.1 .31 1.22 40 .32 .66 18 
45 .27 -.44 50.7 15 .38 .20 50.5 19 1.06 2.34 14 .36 1.24 23 .40 .67 30 
66         1.13 1.98 55 .35 1.19 6 1.13 2.80 39 
108 .25 -.15 50.5 19 .40 .10 53.5 14 1.17 2.12 11 .37 1.20 32 .37 .68 25 
147 .27 -.12 50.1 19 .28 .04 52.6 12 1.02 2.29 16 .30 1.25 24 .33 .65 29 
150 .28 -.16 49.7 20 .30 .04 52.7 14 1.11 2.13 16 .32 1.22 25 .31 .67 25 
152 .38 -.17 49.5 12 .34 -.01 52.8 18 1.14 2.14 17 .37 1.24 24 .38 .66 28 
154 .35 -.18 49.7 16 .34 .08 51.9 16 1.12 2.21 19 .38 1.20 29 .38 .61 22 
163 .38 -.06 48.2 8 .30 .02 51.6 23 1.05 2.28 19 .34 1.24 20 .37 .64 30 
179 .31 -.03 50.2 26 .43 .16 53.7 7 1.06 2.37 14 .39 1.27 24 .42 .63 29 
183 .28 -.19 50.1 26 .32 .13 53.6 11 1.09 2.21 15 .37 1.22 23 .38 .64 25 
187 .35 -.21 50.6 27 .30 .08 53.7 8 1.15 2.15 14 .37 1.21 30 .41 .64 22 
195 .36 -.16 50.7 26 .39 .10 53.6 14 1.14 2.17 12 .37 1.20 30 .34 .64 19 
215 .27 -.20 50.8 23 .28 .17 53.3 8 1.11 2.23 11 .28 1.19 38 .26 .64 20 
310 .33 -.21 50.8 19 .39 .17 53.5 14 1.17 2.24 18 .35 1.21 31 .35 .64 17 
Hem .38 .28 52.7  .43 .44 53.6           
Mag .39 -.11 50.8  .74 .05 47.9           
Mhm .39 -.18 51.9  .37 .22 52.0           
Goe .44 -.27 46.3               

Hed         1.24 2.51     0.50 0.69  
        1.23 2.20     0.35 0.84  

Diop 
        1.23 2.16        

Bot            .41 1.18     
Cop            .43 1.21  .49 .79  
Mel            .37 1.08     
Szo            .41 1.21     
Röm               .31 .58  
Jar            0.36 1.20     

*δ and Δ are given in mm/s and Bhf in T.  Laboratory data acquired at 220K in gray-shaded cells.  Hem = hematite, Mag = magnetite, Mhm = 
maghemite, and Goe = goethite.  Hed = hedenbergite pyroxene [8], and Diop = diopside pyroxene [9].  Bot = botryogen, Cop = copiapite, Mel =  
melanterite, Szo = szomolnokite, Röm = römerite, Jar = jarosite. Unless otherwise noted, all comparative data were collected in our laboratory. 

 
Introduction:  The technological achievement of 

the MER Mössbauer team made it possible to acquire 
hundreds of Mössbauer (MB) spectra from Mars, but 
because insufficient data on calibration targets were 
available, no one outside the science team has yet 
been able to fit the released data.  The recent devel-
opment of the MERView software package [1] has 
made it possible not only to remove non-linearity 
from raw Mössbauer data posted on the PDS site, but 
also to convert the raw data from channels to velocity 

units (mm/s).  We have now processed all the MER 
Mössbauer data released to date, and the resultant 
data are posted for public use on our lab web site at 
www.mtholyoke.edu/go/mars. Thus it is now possi-
ble to fit the MER Mössbauer (MB) data using con-
ventional software packages and methods.  We here 
use these data to study the valence state and site oc-
cupancy of Fe in outcrops from the Meridiani 
Planum site, and use these data to constrain possible 
mineralogical models. 
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Methods:  Post-RAT outcrop data (as listed in 
[2]) from the PDS site were processed using MER-
View.  In order to improve statistics, data from all 
acquisition tempearatures were added together.  As 
noted in [3], fits to such data should be compared 
with parameters corresponding to MB spectra of can-
didate phases that were acquired at the temperature 
midpoint of the data set.  Data were fit using an im-
plementation of the software described in [4], which 
uses quadrupole splitting distributions for paramag-
netic doublets and magnetic field distributions for 
magnetic sextets.  Peak areas were not corrected for 
recoil-free fraction because the values of f for the 
component phases are poorly known.  Our fits were 
completely unconstrained with regard to peak posi-
tions or line widths, even for oxides, which makes 
our procedure rather different that that which was 
previously used by the MER science team [5]. 

Results:  Fits are given in Table 1, along with 
220K MB parameters for some phases of interest.  
With the exception of Bounce Rock (sol 66), which 
has been noted to be an apparently pure pyroxene 
rock, most of  the outcrops are amazingly similar.  
The fitted components fall into four groups: a)  two 
sextets, b) a Fe2+ doublet, and c) an Fe3+ doublet with 
QS = roughly 1.2 mm/s, and d) an Fe3+ doublet with 
QS=0.65 mm/s.  As reported by [2], no doublets with 
olivine-like parameters  were observed.   
A. As shown in Table 1, we found sextets corre-

sponding to oxide in every outcrop sample ex-
cept for Bounce rock.  In [2], these sextets are 
assigned solely hematite, but here we were able 
to resolve two sextets, one of which has parame-
ters similar to those of maghemite. 

B.  The Fe2+ doublet with parameters of ~IS=1.18 
mm/s and ~QS=2.20 mm/s has been assigned by 
[2] and [5] to represent either “pyroxene” or a 
ferrous sulfate, but probably the former.  As [2] 
notes, the area of this doublet correlates with 
both Fe and Si, and it correlates negatively with 
S content, so the pyroxene assignment is prefer-
reed.  But, we note that Mössbauer spectra of lu-
nar, meteoritic, and terrestrial pyroxenes usually 
contain two doublets with δ=1.14 mm/s: one 
with ~Δ=1.80 or 2.6 mm/s and one with Δ=2.1 
mm/s.  It is unfortunate that resolution of the 
MER data is insufficient to allow these two dou-
blets to be resolved, as that would provide un-
equivocal identification of pyroxene (as was 
possible in the fits to Bounce rock, sol 66). 

C. The first of the two Fe3+ doublets is unequivo-
cally assigned by the MER team to jarosite.  
However, this interpretation may be non-unique.  

Alternatively, we note also that this Fe3+  doublet 
with the higher QS (1.2 mm/s) is typical of  Fe3+ 
in many hydrous sulfates (Table 1).  More and 
better MB data on well-characterized (chemi-
cally and for phase confirmation) hydrous sul-
fates are needed to fully constrain the assignment 
of this doublet.  Such work is in progress [6]. 

D. Finally, the last Fe3+ doublet might also be as-
signed to nanophase oxide, pyroxene, or to many 
different sulfate and silicate phases. This doublet 
is particularly difficult to constrain, as many dif-
ferent phases have doublets with these parame-
ters. Its assignment cannot be considered unique, 
as also noted in [7]. 

Discussion: Our fits are quite similar to those of 
the MER team (where they have been published), 
though differences may arise from a number of is-
sues, some of which cannot be addressed because of 
lack of information:  

1.  Different procedures may be used to correct 
for the non-linearity of the drive motors.   

2.  We are working with pseudo data generated 
from the raw data by interpolation at preselected ve-
locity values that have been folded before fitting.   

3. Instead of the Lorentzian lineshapes used by 
the science team, we here use quadrupole splitting 
distributions [4], which are the more commonly in 
mineral studies.  

4.  Differences in constraints imposed on fits. 
This work also highlights that fact that multiple 

interpretations of any data set are possible, and this is 
especially the case with the MER Mössbauer data, 
which have as-yet unquantified error bars.  An addi-
tional complication is imposed by the lack of analog 
~220K laboratory data against which comparisons 
can be made, though we are busy acquiring them. 

We are excited that further work on fitting and in-
terpretation can now be done on the entire MER 
Mössbauer data set, and we look forward to studies 
of those spectra. 
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