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THE PARENT MAGMA OF THE NAKHLA (SNC) METEORITE: CONSTRAINTS 
FROM MAGMATIC INCLUSIONS IN OLIVINE A.H. Treiman SN-21, NASA/JSC, 
Houston TX 77058 

The composition of the parental magma for the Nakhla meteorite (of the SNC Martian 
group) is not known well. Bulk compositions of magmatic inclusions in olivine, and 
compositions of minerals in the inclusions, suggest a parental magma richer in "plagioclase" 
component than did Longhi and Pan [I], and more like compositions estimated (with other 
methods) by Treiman [2] and Harvey and McSween [3]. 

The Nakhla meteorite is one of the SNC group, inferred to be samples of the Martian crust. 
Nakhla is an igneous rock, a cumulate rich in augite and olivine [4,5]. Important constraints on 
Martian petrogenesis might be obtained from Nakhla, if the composition of its parental magma 
were known. However, different methods of estimating parental magma composition have 
yielded significantly different results [l-31. Magmatic inclusions, the remnants of magma 
trapped within growing solid phases, are abundant in Nakhla's olivines, and provide another 
path towards determining Nakhla's parental magma($) [6,3]. 

SAMPLES Thin sections of Nakhla used here included two from the Harvard Mineralogy 
Museum and 22 serial sections from the Smithsonian Institution. 

PETROGRAPHY Magma may be trapped in olivine crystals in many ways, most 
commonly as a pocket of magma (without other crystals) enclosed by the growing limbs of a 
skeletal crystal 161. Such inclusion in Nakhla's olivines (Fig. l ) ,  recognized by the absence of 
large single crystals, have two distinct textural zones: rinds and cores. The rinds, adjacent to 
the host olivine, contain only augite, Al-Ti-chromite and Ti-magnetite. The oxides occur as 5- 
40pm euhedra and as elongate submicron grains radiating inward from the olivine--rind contact. 
The inclusion cores, which are unzoned, contain augite, alkali feldspar, a silica-rich phase, 
pigeonite, Ti-magnetite, Fe sulfide, Cl-apatite, kaersutite amphibole (vis also [7]) and spherical 
voids (original vapor). Hercynite may also be present [7]. The textures of the cores are 
dominated by sprays of augite crystals, which commonly radiate from a few points on the rind. 
Inclusion pyroxenes, analyzed by focussed beam EMP (Table, Fig. 2) are more aluminous and 
calcic than phenocryst pyroxenes [4,5]. Ti-magnetite forms 5-pm euhedra, and the other phases 
are interstitial to augite and magnetite. This same textural pattern occurs in magmatic 
inclusions in lunar and terrestrial olivines [6]. Rust-red alteration material (smectites + ferric 
oxides 181) is present in some inclusions. 

BULK COMPOSITION Bulk compositions for selected magmatic inclusions (between 20 
and 100 pm diameter) in Nakhla olivines were obtained defocussed-beam EMP analysis (Table). 
The analyses include contributions from the inclusion core, the inclusion rind, and the host 
olivine. Rind material is under-re~resented in the analyses, because 1) the exposed area of rind 
under-represents the volume of rind, and 2) imprecision in placement or size of the electron 
beam will preferentially exclude rind. The proportion of olivine in the inclusions is 
uncontrolled, as one cannot know how much olivine crystallized onto the walls of the inclusion, 
was resorbed into the melt, or was actually within the analytical volume. 

PETROGENESIS Bulk compositions of magmatic inclusions in Nakhla olivine and their 
area-weighted average are shown in Figure 2, with pyroxene compositions and estimated 
compositions for Nakhla's parent magma. The inclusion compositions spread widely, reflecting 
variable proportions of exposed phases. All are rich in PL component, and many have negative 
OPX component. 

On Fig. 2, the true composition of the inclusion magma should fall in a mixing field 
between analyses of the bulk inclusions and those of the inclusions' augites, because the rind 
augite is under-represented in the bulk analyses. This mixing constraint is consistent with 
possible parental magmas By and C', corrected from [2], and part of the permissible ranges 
inferred in [3], but not with composition N from [I]. If Nakhla's olivines had trapped magma 
of composition N, crystallization would cause the trapped magma to evolve from N away from 
olivine composition (no change on the projection of Fig. 2), and then away from the 
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compositions of the inclusion augite. Thus, the evolved inclusion magmas would approach the 
OPX apex of Fig. 2, and the bulk inclusion analyses should not approach the PL apex, as is 
actually observed. 

The constraints on magma compositions from [1,2,3] and this work (Fig. 2) can be 
reconciled only by invoking two parental magmas for Nakhla. The magma parental to augite 
cores [I] would be distinct from the magma parental to the olivine [3, this work]. Nakhla's 
intercumulus magma may not be distinct from the olivine parent magma [2], suggesting that the 
augite cores may be xenocrysts. Thus, complex magmatic processes may still be required 191. 

I am grateful to J. Wood, B. Holmberg, G. McKay, and V. Yang for assistance with EMP analyses. Support was from the 
dregs of NASA PMG grant NAG9-172 and an NRC Senior Fellowship. 
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Table. Chemical Compositions 
Bulk Bulk Aug Aug 

Si02 47.10 42.89 49.28 49.52 
Ti02 0.81 0.41 1.07 1.01 
A1203 8.38 13.48 4.98 3.13 
Cr203 0.08 0.26 0.02 0.04 
FeO 18.93 13.05 13.86 17.80 
MnO 0.53 0.35 0.37 0.52 
MgO 8.02 8.66 10.75 9.51 
CaO 13.21 18.36 19.89 
Na20 1.28 0.99 0.63 
K20 1.00 0.33 0.00 
PzOs 0.65 0.63 -- 
sum 88.24 93.89 100.48 101.71 

Bulk analyses of two inclusions by defocussed 

beam EMP; low totals reflect rough surface 

and unanalyeed elements. Analyses of inclusion 

augites are by focussed beam EMP. Figure 1. Typical magmatic inclusion in 
Nakhla olivine. Note augite rind, bright Al- 
Ti chromite at host olivine, and skeletal 

Figure 2. Bulk and average compositions of augite in core. Scale bar is 10 pm. 
magma inclusions in olivine (small and large 
dots); inclusion and phenocryst core augi t~  

"A 0.5WO- compositions (open and filled 
triangles); estimated 4 C' B9 @ 

compositions of o 
parental magmas N D' 
(squares) N [l], D', 
C', and B' corrected 
from [2]. Projection 
in oxygen units from 
OL component [I]. 
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