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Introduction:  Olivine is a major mineral compo-

nent on terrestrial planetary surfaces and, therefore, it 
is important to understand its spectroscopic character-
istics at all wavelengths.  Here we present a detailed 
Mössbauer study of ten synthetic olivines in the faya-
lite-forsterite series in the interest of answering the 
following questions: 
1. What are the Mössbauer parameters correspond-

ing to the M1 and M2 sites in olivine, and can 
those sites be consistently and systematically re-
solved? 

2. What is the relationship between isomer shift, 
quadrupole splitting, and composition in the faya-
lite-forsterite series of olivine? 

3. How is the onset temperature of magnetic order-
ing and olivine composition related? 

4. How do the Mössbauer parameters for the M1 and 
M2 sites in olivine compare to the parameters for 
other ferromagnetic mineral species? 

5. What is the recoil-free fraction in olivine at vary-
ing temperatures and compositions? 

Methods:  Samples used in this study were synthe-
sized by Donald Lindsley and coworkers at SUNY 
Stony Brook.  These samples span the compositional 
spectrum from fayalite, Fe2SiO4 (Fa100) to a near 
forsterite position, Mg1.79Fe0.21SiO4 (Fo89.5), in 10 
mol% increments except for Fo89.5. Variable tempera-
ture Mössbauer spectra were acquired on each sample 
under low He gas pressure at 15-16 temperatures rang-
ing from 13-293K.  A source of 100-70mCi 57Co in Rh 
was used on a WEB Research Co. model W100 spec-
trometer equipped with a Janus closed-cycle He refrig-
erator.  Run times ranged from 2-12 hours; results 
were calibrated against α-Fe foil.  Spectra were fit 
with Lorenzian line shapes in the method of [1]. Quad-
rupole splitting distributions were not used because all 
sites and nearest neighbors are identical in synthetic 
olivine, so each site can truly be represented by its 
own doublet.  For the same reasons, correlation was 
not assumed between QS and IS for Fe2+. 

Two strategies for fitting were tested.  Each olivine 
spectrum has four peaks (1, 2, 3, and 4) that can be 
paired into two components (sites) as 1-4 and 2-3 or as 
1-3 and 2-4.  In other words, the two doublets either 
have similar IS and different QS or they have similar 
QS and different IS (Figure 1). Recoil-free fractions 
were calculated for both data sets as in [2]. 

 Results and Discussion:   
1.  Historically, the M1 and M2 sites in olivine 

have not been readily resolved at room temperature 
and below.  Thanks to our state of the art spectrometer 
and the intensity of our source, two doublets were eas-
ily resolved with systematic parameters across the tem-
perature range (Figure 2).  Conventionally, the M1 and 
M2 sites have been assigned so that the peaks of the 
M1 doublet lie outside of those of the M2 doublet 
(14_23 method, Figure 1).  However, the alternate 
model (13_24 method, Figure1) provides almost iden-
tical χ2 values for all spectra and a similarly systematic 
progression of both isomer shift and quadrupole split-
ting across the temperature range (Figure 2).  There-
fore, to date we have no viable criterion for distin-
guishing between these two fitting models.  

 
Fig. 1.  Comparison of two fitting methods for Fo20 at 

225K. 
2.  This study shows that there is little or no corre-

lation between composition and isomer shift values.  
Quadrupole splitting, however, is systematically corre-
lated with composition.  Figure 2 shows that higher 
quadrupole splitting values correspond to a greater 
percent of Mg in the olivine.  For these samples, quad-
rupole splitting proves diagnostic to within ± 20% 
absolute forsterite.   

3.  The magnetic ordering temperature of the faya-
lite-forsterite series is inversely proportional to Mg 
content of the olivine (when Ca is not present!), and 
ranges from 80K for fayalite down to >12K for F60-90.  

 4.  Mössbauer spectra of olivine typically have 
among the highest QS values of silicates with Fe in 6-
coordinated sites. However, many non-silicates, nota-
bly the ferrous sulfates, have very similar QS values.  
However, the IS of sulfates is typically ~0.1 mm/s 
higher that that of olivine, allowing these minerals to 
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be distinguished if data quality is quite good. When 
error bars in IS are greater than 0.05 mm/s, olivine is 
no longer readily distinguished from many of the fer-
rous sulfates.  This is especially true for mineral mix-
tures (rocks), where error bars for IS are inherently 
higher dues to overlap and identification becomes 
much more difficult.   

 
Fig. 2.  IS and QS vs. temperature for doublet 1 for both 

fitting methods. Color scheme is indicated in bottom graph. 
5.  Values of recoil-free fraction in olivines do not 

change systematically with composition, but are simi-
lar for all olivines at any given temperature (especially 

at low temperatures).    At the Mars surface tempera-
tures experienced by the MERs, these correction fac-
tors are quite large (0.84-0.89) and will significantly 
affect calculated doublet areas in mixtures of olivine 
with other phases. 

Values of the Debye temperature for Fo0-Fo89.5 
range from 240-516K for the 14_23 model, and 314-
481K for the 13_24 model, respectively.  Typical in-
trinsic isomer shift values are 1.36-1.44 mm/s and 
1.39-1.42 for the two models (as above) in Fo0, and 
1.36-1.45 mm/s and 1.39-1.41 in Fo90. 

Fig. 3. Recoil-free fractions for Fe2+ as a function of tem-
perature for the doublet 1 as shown at upper left. 

Conclusions:  More work is required on all of the 
questions posed above but there are several main 
points to consider:  M1and M2 sites in olivine can be 
resolved in moderate to high quality data.  Even at 
room temperature, these two sites can be arranged (and 
satisfactory fits can be obtained) in two distinct ways 
that remain indistinguishable at this time.  Isomer shift 
is not correlated with composition but quadrupole 
splitting is, with errors of ± 20% absolute. The mag-
netic ordering temperature in olivine is linearly corre-
lated with composition and seems the most definitive 
diagnostic tool for determining composition (in a set-
ting where temperatures are low or can be manipu-
lated).  Mössbauer spectra of olivine can appear very 
similar to those of some ferrous sulfates at low resolu-
tion and in mineral mixtures.  Finally, recoil-free frac-
tion values are not indicative of composition at a given 
temperature using our current method for their calcula-
tion. 
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