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CHEMICAL ZONING AND EXSOLUTION IN OLIVINE OF THE PAVLODAR PALLASITE: 
COMPARISON WITH SPRINGWATER OLIVINE. Ian M. Steele, Department of Geophysical Sciences, 
University of Chicago, 5734 S. Ellis Ave. Chicago IL 60637. 

While the olivine within a pallasite meteorite is generally considered to be of uniform composition 
based on major elements [I], detailed studies of the minor elements with the ion microprobe [2,3] and 
electron microprobe [4] have shown that olivines are zoned in the outer approximately 200-400 microns. 
Qualitatively this zoning is consistent with reequilibration of the olivine with surrounding metal at 
subsolidus temperatures. Of the 4 elements analyzed with the electron probe in Springwater, Ca, Cr and 
Al are all show progressive depletion toward olivine boundaries while Mn is enriched. The depletion 
distance qualitatively corresponds to estimated diffusion rates with Ca>CmAI [4] reinforcing a diffusion 
rather than growth mechanism. Similar data are reported here for Pavlodar olivine chosen because it is an 
anomalous pallasite [5], because it has olivine compositions like main group pallasites [5,6], because of its 
unusual apparent exsolution features [6,7, and because its olivine grain size and shape are similar to 
those of Springwater olivine. 
Exsolution features: A conspicuous feature of Pavlodar olivine are numerous oriented, linear features 
less than about 5 microns in width and up to several mm long. These are oriented in three directions 
parallel to [001], [loo] and [010] of the host olivine as shown by optical and x-ray precession study. Their 
density near the center of the olivines appears uniform while they are absent in the outer 200 micron rim of 
each olivine. Between the rim and interior the density increases to the uniform level. Reflected light 
observation showed that on polished surfaces intersected by these features the linear features were 
bright relative to host olivine. Examination with BSE (backscattered electron) images showed hexagonal 
high-Z cross sections which have a uniform brightness at the 0.25 micron scale. Qualitative EDS spectra 
showed the presence of major Si, Cr, Mg, Ca and Fe with minor Al, Mn and V. Quantitative analyses of the 
largest cross-sections showed a near constant composition with little change as smaller areas were 
analyzed suggesting essentially no contamination from surrounding olivine in the analyses. The table 
presents representative analyses. Within the 15 analyses obtained, Ca-Cr and Fe-Ca show weak negative 
correlations while Fe-Cr shows a positive correlation (Fig.1). It is assumed that Cr is trivalent to give totals 
near 100%. The atomic proportions based on 4 oxygens are near: 
Cro~52Mgo~54Cao~45Feo~23Sio09804 or M + ~  = 1.22, M + ~  = 0.52. No Cr silicate was identified which 
matches this stoichiometry. A possibility is that this represents a mix of two phases, possibly chromite and 
diopside, but these should show high contrast in a BSE image. Identification must be made by electron 
diffraction. 
Minor element concentration ~rofiles: Electron microprobe operating conditions were selected (360sec 
count times, PHA set, focused beam, 200nA incident current, 20kV) to provide sensitivity sufficient to 
detect Al, Ca, Cr and Mn in Pavlodar olivine. Scans were made from edge toward center for distances 
ranging from 200 to 500 microns at 5 or 10 micron steps. Approximate interior concentrations (ppmw) are: 
Al - 28; Ca - 39; Cr - 155; Mn - 2700. These compare favorably with previous electron probe 
determinations [3]: Al - 26; Ca - 28; Cr - 130; Mn - 2850. Bulk olivine analyses [8] for Mn (2630ppmw) 
agrees well while Cr (=552ppmw) is 3 . 5 ~  higher. This is easily explained by the bulk analysis including Cr 
of the inclusions to give the higher concentration. Pavlodar olivine has the highest bulk Cr concentration 
of analyzed pallasites [8] which may in part result in exsolution from olivine. 

Figs. 2 and 3 show details of two concentration profiles in two olivine grains of Pavlodar. These 
are similar to each other and to 5 other profiles; the crystallographic orientation of the olivine grains is not 
known. As with similar data for Springwater, Al, Ca and Cr all show depletion at the edge of the olivine 
grain. In contrast, however, Mn has a constant concentration in all profiles with no indication of an increase 
as was observed in Springwater. The Pavlodar profiles extend to about 500 microns whereas Springwater 
profiles reached constant values near 250 microns. Relative to Ca and Cr, the Al profile appears to be 
restricted to a distance of about 250 microns in Pavlodar consistent with Al diffusion being slower than 
either Ca or Cr. The Ca profile for Fig. 3 appears to extend farther than that of Cr before a near constant 
concentration is reached while in Fig. 2 this is less certain due to an irregular variation near the 450 micron 
position possibly due to a nearby inclusion acting as a local sink for Cr and Ca. The absence of a flat profile 
for Mn suggests complete equilibration with other Mn-bearing phases, mainly metal. 
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Conclusions; The minor element profiles of Pavlodar, like Springwater, are consistent with known or 
inferred diffusion rates for Ca, Cr, and A1 in olivine. The profiles for Pavlodar extend for a greater distance 
compared to Springwater suggesting more extensive diffusion. The absence of Mn variation in Pavlodar 
also suggests complete equilibration with respect to Mn in contrast to Springwater. The occurrence of Cr- 
rich inclusions are consistent with exsolution of a Cr-rich phase(s) lowering the Cr content of the olivine. 
Because these inclusions are not present near the olivine boundaries, it is concluded that diffusion within 
a homogeneous olivine occurred with later precipitation of the Cr inclusions. There is no visual indication 
of exsolutions near the olivine boundary. The later Cr exsolution may have been triggered by an oxidation 
event where original high ~ r + ~  in the reduced olivine was converted to ~ r + ~  which is not readily accepted 
by the olivine structure. 
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Table. Inclusions in olivine. 
Si02 31.3 35.7 35.3 36.9 

0203 28.9 24.0 23.5 22.5 

A1203 0.05 0.05 0.06 0.06 

V203 0.31 0.30 0.26 0.20 

MgO 12.3 13.0 13.0 13.0 
FeO 11.6 10.4 10.3 9.8 
MnO 0.62 0.55 0.54 0.57 
CaO 14.2 15.4 16.1 16.8 
Total 99.28 99.40 99.10 99.83 
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Fig. 1. Near linear variation of Cr and Fe in 
Pavlodar inclusions. 

Figs. 2,3. Minor element variation in two 
olivine grains in Pavlodar from edge (left) 
toward center (right). Cr, Ca and A1 are 
clearly depleted near the edge while Mn 
is nearly constant. This suggests 
diffusion of some incompatible elements 
out of the olivine structure and complete 
equilibration of Mn. 
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