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THE PARENT MAGMA OF THE NAKHLA (SNC) METEORITE: 
RECONCILIATION OF COMPOSITION ESTIMATES FROM MAGMATIC 
INCLUSIONS AND ELEMENT PARTITIONING. A.H. Treiman, C-23, Lockheed 
Engineering and Sciences Co., 2400 NASA Rd 1. Houston TX 77258. 

The composition of the parent magma of the Nakhla meteorite has been difficult to 
determine, because it is a cumulate rock, enriched in olivine and augite relative to a basalt 
magma. A parent magma composition is estimated here from electron microprobe area 
analyses of magmatic inclusions in olivine [I]. This composition is consistent with an 
independent estimate based on the same inclusions [2], and with chemical equilibria with the 
cores of Nakhla's augites (recalculated after [3]). This composition reconciles most of the 
previous estimates of Nakhla's magma composition, and obviates the need for complex 
magmatic processes 141. Inconsistency between this composition and those calculated by [5] 
suggests that magma flowed through and crystallized into Nakhla as it cooled [6]. 

The Nakhla meteorite is one of the SNC group, inferred to be igneous rocks from the Martian 
crust. Nakhla is a cumulate rock, enriched in augite and olivine compared to basaltic magma 
[4-81. The composition of Nakhla's parental magma is of great importance for Martian 
petrology and mantle geochemistry, but has proved difficult to determine [2,3,5]. Magmatic 
inclusions, the remnants of magma trapped within solid phases, are abundant in Nakhla's 
olivines and provide another method of estimating Nakhla's parental magma [2,9]. 

INCLUSIONS Thin sections of Nakhla used here included two from the Harvard 
Mineralogy Museum and 22 serial sections from the Smithsonian Institution. The magmatic 
inclusions in Nakhla's olivines have been described by [1,2,9], and consist of augite rich in A1 
and Ti, granitic glass, feldspars, Fe-Ti-Cr oxides, and phosphates. Adjacent to the host 
olivines are rinds of augite + Fe-Ti-Cr oxide only. 

PARENT MAGMA COMPOSITION Bulk compositions of 24 magmatic inclusions (20 
and 350 pm diameter) in Nakhla olivines were obtained by rastered-beam EMP analysis. 
Projected from olivine composition, inclusions larger than 50 pm diameter have essentially the 
same composition, suggesting that these larger inclusions represent fair samples of host 
magma, and that these inclusions sampled a single parent magma. The average of these 
analyses was corrected for the proportion of host olivine included in the analytical volumes, 
and the difference between the true volume proportion of rind and the proportion actually 
analyzed. To retrieve the composition of the magma originally entrapped in the inclusions, 
this corrected average inclusion (Table) composition was modified by FeIMg exchange and 
addition of olivine to have: FeOIMgO in equilibrium with the core augites; and both augite 
and olivine on its liquidus. This calculated inclusion magma composition, NK93 (Table, 
Figure), also has A1203/Ti02 and Na20/Ti02 abundance ratios consistent with the 
geochemistry of the SNCs [lo]. 

OTHER ESTIMATES OF PARENTAL MAGMA COMPOSITIONS 
MagmQtic Inclusions of [2]. The same magmatic inclusions studied here were recently 

investigated by phase analyses (EMP) and a linear least squares minimization method [2]. 
That parent magma composition, NK3, contains much more FeO and MgO than NK93, but 
projects from OL(ivine) to essentially the same point as NK93 (Table, Figure). From the 
liquidus boundaries of [ll],  NK3 appears to have olivine as its sole liquidus phase. Other than 
olivine content, the most significant difference between the two compositions is that NK3 has 
more than 3 times the Ti of NK93. It is possible that the least squares method has insufficient 
constraints on Ti abundances. 

Element Distributions. Augitelbasalt partition coefficients for major and minor elements 
were used by [3] to calculate a parent magma, N (Table, Figure). Unfortunately, the augite 
composition used had half the A1203 of more recent analyses ([4], unpubd. data). 
Recalculation following [3] yielded N' (Table, Figure); within the uncertainty of the partition 
coefficients, N' is identical to NK93. 

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



1442 LPSCXXIV 

Nakhla Magmatic Inclusions; Treiman A.H. 

Mass Balance. Assuming that Nakhla formed as a closed system of cumulus grains and 
intercumulus parental magma, [5] calculated the composition of that magma by mass balance 
on bulk and mineral compositions for a range of proportions of intercumulus magma. Those 
calculation have been redone correcting errors and using revised mineral compositions, with 
the resultant compositions (A'-E', Figure) now constrained to have augite and olivine on their 
liquidi. B' has the proper MgOIFeO. These compositions are inconsistent with NK93, N' , and 
NK3, suggesting that Nakhla probably was not closed during crystallization, but was affected 
by infiltration metasomatism [6].  

CONCLUSIONS A parental magma composition for Nakhla estimated from magmatic 
inclusions in olivine are consistent with that estimated from major and minor element 
abundances in augite. This consistency suggests that Nakhla's olivines and augites grew from 
a single parental magma with composition like NK93. Multiple parent magmas or xenolithic 
olivine [12] are not required. The failure of calculations of [5] to yield the same composition 
suggests that Nakhla was not a closed system after crystal accumulation. 
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Table. Nakhla's Magmatic Inclusions and 
Estimated Parent Magmas 

Avg.Inc1. NK93 NK3 N' 
Si* 53.7 50.2 45.8 50.5 
Ti@ 1.1 1.0 3.1 1.4 
A1203 10.2 8.6 7.2 6.8 
Cr203  0.1 0.1 n.g. 0.1 
FeO 10.8 19.1 26.2 21.9 
MnO 0.2 0.4 n.g. 0.4 
MgO 3.9 4.0 5.7 4.3 
CaO 14.0 11.9 10.4 13.0 
Na2O 1.5 1.2 0.8 1.2 
K2O 3.3 2.8 1.4 0.3 
P2O5 0.8 0.7 n.g. n.g. 

Figure. Inferred parental magma compositions for 
SNCs. Projection in oxygen units from Ouivine) and 
liquidus boundaries from [l 11. Proposed nakhlite 
parent magmas are: NK93 here, [I]; NK3, GVl and 
average NIM [2]; A' through E' [ l ]  after [5]; N [3]; 
N' [I] calculated as in [3]. Also shown are Nakhla 
bulk and average of Nakhla core augite (AUG) 
compositions. Other proposed SNC magma 
compositions are: SZ, Shergotty and Zagami [12]; 
Eg, EETA79001 and Ch, Chassigny [3]; Am, 
ALHA77005 [13]; A*, Chassigny [14]. 
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