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Introduction: Elephant Moraine A (EETA) 79001 is a 

unique shergottite, containing two juxtaposing lithologies: A and 
B [1].  The origin of Lithology A has been a point of debate since 
its collection (e.g., [1-5]).  Here we report new observations sug-
gesting assimilation/mixing at high P and followed by crystalliza-
tion in a closed system.   

Mineral Inclusions in Lithology A: We observed round oli-
vine and orthopyroxene (opx) inclusions in olivine (ol) 
megacrysts. The round opx inclusion is Mg-rich in the interior 
(Mg# 79.6, En78Wo2) and more Fe-rich at the rim near the inter-
face (Mg# 76.5, En77Wo2), both of which are NOT in equilibrium 
with the host olivine (Mg# 67).  This is opposite to what is ex-
pected for crystallization at low P, where ol would be enclosed 
by opx. A subhedral ol (Fo68) is also enclosed in a megacrystic ol 
(Fo68).  The similar composition between ol inclusion and host 
can be explained by re-equilibration as the Fe-Mg diffusion is 
fast in olivines.   

  The round shape of the mineral inclusions indicates resorp-
tion event(s) due to interaction with melt. Two possible scenarios 
can cause dissolution: (1) mixing with melt of a different compo-
sition; (2) decrease in pressure so that opx becomes unstable.  If 
(2) is the sole process, we would expect more Mg-rich ol 
(Mg#>70) than Mg-rich opx. This is not consistent with the 
available literature data [1,6], where there is comparable modal 
abundances of Mg-rich olivine and orthopyroxene. Furthermore, 
occurrence of Mg-rich ol and opx as individual megacrysts in 
other sections [1,4,5] indicates both Mg-rich ol and opx are stable 
liquidus phases, a feature typical for crystallization at high P [7]. 

 “Melt” Inclusions in Olivine: We measured bulk trace-
element abundances of “melt” (now devitrified) inclusions in oli-
vines using LA-ICP-MS. Melt inclusions in Mg-rich olivines 
(Fo75-73) suggest that these olivines crystallized from incompati-
ble-element depleted melt [(La/Yb)N = 0.04-0.15, N denotes CI-
chondrite normalized], similar to shergottites with depleted in-
compatible elements (e.g., Yamato 980459, [8]).  Melt inclusions 
from more Fe-rich olivines is similar to whole-rock data of EETA 
79001B. 

Implications: Based on the above observations, we suggest 
that EETA 79001A was formed by: (1) crystallization of Mg-rich 
ol + opx at high P; (2) mixing at high P with a magma containing 
slightly more enriched incompatible elements (not enriched ba-
saltic shergottites!) that assimilated some ol + opx; (3) crystalli-
zation of megacrystic ol and opx at high P, (4) eruption/ascent to 
lower P. Different from previous models, we emphasize that (1)-
(3) occurred at pressure >0.7 GPa (>60 km) (inferred from [7]). 
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