
LPSC X X I I I  1 2 7 5  

TRACE ELEMENT ZONING AND SUBSOLIDUS MICROSTRUCIIJRE OF 
PIGEONITE IN THE ZAGAMI SHERGOTTITE. C.K. Shearer and A.J. Brearley, Institute of 
Meteoritics, Department of Geology, University of New Mexico, Albuquerque, New Mexico, 
87131 

Introduction. The Shergottite meteorites, Shergotty and Zagami, are petrologically and 
chemically similar to terrestrial diabase with intermediate plagioclase (now maskelynite glass) and 

. ferroan mafic minerals. Unlike eucrites and other basaltic achondrites, the shergottite meteorites 
have crystallization ages of 1.3 to .18 GY. (1,2). These younger crystallization ages and 
additional petrogenetic studies of Zagami and Shergotty suggest that these two meteorites are a 
product of igneous processes on a large, geologically active planet, such as Mars (3,4,5). Thus, a 
fuller understanding of the mineralogical, chemical and isotopic characteristics of the shergottites 
may provide additional insight into igneous processes on their parent body. 

Pigeonite grains from a coarse grained lithology of the Zagami meteorite in the collection of 
the Institute of Meteoritics, University of New Mexico were studied using electron microprobe 
(EMP), secondary ion mass spectrometry (SIMS), transmission electron microscopy (TEM) and 
analytical electron microscopy (AEM). Such a study can help constrain the crystallization - cooling 
history and composition - evolution of the parental magma for Zagami. 

Analytical Techniques. Individual grains of pigeonite, selected for trace element 
analysis, were documented with EMP using backscattered electron imaging (BSE). Points selected 
for trace element analysis were analyzed by SIMS for eight REE (La, Ce, Nd, Sm, Eu, Dy, Er, 
Yb), Zr, Sr, V, Cr and Ti. A description of SIMS analytical techniques for pyroxene is discussed 
by [6]. Following analysis by SIMS, major element analyses of pre-selected points were 
accomplished by EMP. Additional grains were selected for the study of microstructures. After full 
characterization by electron microprobe, individual pigeonite grains were studied by TEM and 
AEM. A one to one correspondence between TEM observations, BSE images and EMP analyses 
is thus possible. 

Results. As found by [3], [7] and [8], the pigeonites are compositionally zoned with Mg- 
rich cores and Fe-rich rims. BSE images show that the Mg-rich cores constitute the bulk of 
individual grains and that they are highly irregular in shape. The width of the Fe-rich rim 
consequently varies significantly on any single grain from 10 to 100 pm. Fe-rich pigeonite also 
occurs as embayments in the Mg-rich core. Core to rim EMP analyses of zoned pigeonite grains 
show that the cores are generally homogeneous with Mg/(Mg+Fe) from 0.652 to 0.659. The 
Mgl(Mg+Fe) in the Fe-rich pigeonite ranges from 0.53 to 0.39. The morphology of the Mg-rich 
cores and their textural relations with the Fe-rich pigeonite have been interpreted as primary 
phenocrysts which were subsequently resorbed or underwent reaction with intercumulus liquid 
resulting in the formation of late Fe-rich overgrowths and embayments [1,7] or that the Mg-rich 
pigeonite represents skeletal, 'soda-straw', or 'hopper' crystals that were subsequently overgrown 
and infilled with more Fe-rich pigeonite [8]. 

Trace element analyses for selected analytical points are presented in Table 1. As expected, 
incompatible trace elements such as Ti, V, Sr, Y, Zr, REE increase from the Mg-rich pigeonite to 
the Fe-rich pigeonite overgrowths. Ni [8] and Cr decrease with increasing Fe. REE patterns are 
LREE depleted relative to HREE and have a small (-) Eu anomaly. The Mg-rich pigeonite shows 
limited trace element variation, whereas the Fe-rich overgrowth shows considerable incompatible 
element variability. It is particularly interesting that Fe-rich embayments may have higher 
concentrations of incompatible elements than rim overgrowths. (Table 1). 
TEM observations reveal a complex exsolution microstructure as well as localized shock effects. 
Two generations of augite larnellae have exsolved from pigeonite in both Mg-rich cores and Fe-rich 
rims. The first set of lamellae exsolved parallel to (001). They range in thickness from 20 to 300 
nm in the cores and 50 to 120 nm in the rims. Mean larnallae widths for the core and rim are 
approximately 250 and 100 nm, respectively. The thickness of the (100) lamellae in both core and 
rim are comparable, ranging from 1.8 nm to 32 nm. The majority of the (100) lamellae are only 5- 
9 nrn in width. In the cores, the host pigeonite is subcalcic (-EnaFs31W05) and coexists with 
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augite exsolution larnellae of composition Ewe Fs13 W047. In the Fe-rich rims, the coexisting 
pigeonite host and augite lamellae have compositions on -En43FeslWo6 and En3oF~23W068, 
respectively. 

Discussion. Trace element characteristics of Zagami's parental melt can be constrained by 
using Dpigflig for appropriate pyroxene compositions (Wo = .10 to .  15) [9] and pigeonite with the 
highest Mgl(Mg+Fe) and lowest concentrations of incompatible elements. This calculation 
assumes equilibrium between the parental melt and initial pigeonite. Calculated incompatible 
element chqacteristics of the Zagami parent melt is similar to whole rock date of [4]. Although the 
slightly higher values for the calculated melt may be attributed to a cumulus pyroxene component, 
[3, 81 the differences do not exceed the errors attributed to analysis, selected distribution 
coefficient, and method of calculation. 

Interpretation of the cooling-crystallization history of the Zagami parental magma must be 
consistent with the following observations: (1) In comparison with data from lunar basalts [lo] 
microstructures in both the Mg-rich and Fe-rich pigeonite are indicative of cooling rates of 
significantly less than 0.2'C/hr through the temperature interval 1100-95O8C. This implies 
pigeonite crystallization in Zagami occurred within a rather thick lava flow (>lo meters) or a 
shallow intrusive body [7], (2) Calculation of incompatible element concentrations in the parental 
Zagarni magma using the equilibrium D approach reasonable melt compositions [4]. This suggests 
near-equilibrium crystallization of the Mg-rich core of the pigeonite, (3) the morphology of Mg- 
rich cores and their textural relations with the Fe-rich pigeonite is suggestive of a complex 
crystallization history involving resorption or reaction with intercumulus liquids [7], overgrown 
and infilled skeletal, "soda-straw" or "hopper" crystals or other complex zoning noted in lunar 
mare basalts [8, 111 (4) compositionally homogeneous (major and trace elements) Mg-rich 
pigeonite cores overgrown, and possibly infilled, with compositionally variable Fe-rich pigeonite, 
and (5) embayments or infilled Fe-rich pigeonite which have higher incompatible element 
concentrations than "overgrowths". This suggests some inward crystallization of the Fe-rich 
pigeonite in these embayments. The homogenous Mg-rich cores which appear to have been in 
equilibrium with basaltic melt, textural differences compared to skeletal, soda-straw or hopper 
crystals in lunar basalts and microstructural data indicate the magma cooled at a rate much slower 
than mare basalts which exhibit disequilibrium textures. This suggests that these unusual zoning 
patterns are probably the result of a complex crystallization history involving resorption and 
reaction with an intercumulus liquid. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

Zr 17.8 
TABLE 1 La .02 

Rim Embayment Core Ce .10 

32.2 
.07 
.24 
.42 
.2 1 
.07 
.68 
.44 
.50 

Si 1.966 
Al .034 
tet. 2.000 
Al .003 
Cr .007 
Ti .O 14 
Mg 370 

0.5 
.002 
.01 
.08 
.05 
.O1 
.10 
.09 
.12 

Fe .I06 

1.974 
.026 

2.000 
.008 
.011 
.O 14 
.890 

1.992 I'd .17 
.008 Sm .ll 

2.000 Eu .05 
.016 DY .38 
.011 Er .24 
.003 Yb .30 
.970 

.077 .OW 


