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Introduction: Northwest Africa 10153 shares similar petrologic and isotopic characteritics with other nakhlites 

[1,2], but in detail may be different. Despite mineralogical similarities, its initial Nd isotope composition is distinct 

from those of any other nakhlites [2]. Nakhlites have been considered to be samples from different depths within a 

common cumulate pile in a single magmatic flow or sill [e.g., 3], but instead they might be samples from multiple 

flows [e.g., 4]. Since nakhlites are only mildly shocked, they preserve primary crystallization and accumulation con-

ditions from Martian magma. Here we add to previous work on NWA 10153, especially on chemical zoning of olivine 

and pyroxene to infer its thermal history, oxygen fugacity (fO2) using Fe-Ti oxides compositions, and oxygen isotopic 

data for secondary interstitial phases to better understand the petrogenesis of the nakhlite igneous body or bodies. 

Results: NWA 10153 is an augite-rich cumulate rock, and contains 57% augite, 23% feldspars, 18% olivine, 0.6% 

titanomagnetite, 0.4% (F,Cl)-apatite, 0.3% silica, 0.3% ilmenite and 0.3% Fe sulfide. Thus the proportion of interstitial 

areas to cumulus phases (pyroxene and olivine) is ca. 25%. Augite generally shows an elongated habit (reaching ~2 

mm long) and its composition is homogeneous (En38Wo39) except for Fe-rich rims (extending to En18Wo35) adjacent 

to interstitial materials. Al2O3, TiO2, and Cr2O3 contents are 0.7-1.7 wt%, 0.3-0.6 wt%, and 0.3-0 wt%, respectively, 

showing complex sector zoning even at Ca-Fe-Mg homogeneous cores. We did not find any low-Ca pyroxenes. In-

terstitial areas are mostly composed of feldspars (up to several hundreds of m in size), showing complex distribution 

of both plagioclase and K-feldspar (An25Or5~An10Or10~An1Or76). Possibly aqueous alteration products (composition-

ally resembling “chlorophaeite” [1]) are also present in these areas, and we have now analyzed a concentrate of this 

material (not acid-washed) for oxygen isotopes by laser fluorination: 17O 4.447, 4.668, 3.823; 18O 7.964, 8.408, 

6.709; 17O 0.242, 0.229, 0.281. The elevated 18O relative to the bulk rock [1] implies a relatively low temperature 

rather than magmatic origin. Olivines are usually larger anhedral grains (up to 4 mm) compared to augite, and many 

poikilitically enclose augite. Olivine shows extensive chemical zoning from cores (Fa59) to Fe-enriched rims (Fa~87). 

The monotonous increase of Fa content is best matched with a cooling rate of 0.05 oC/year (1100-700 oC), if we 

assume Fe diffusion from the surrounding interstitial melt [5]. Ca shows a decrease from cores (0.55 wt% CaO) to 

100-150 m rims (0.15 wt% CaO), which is similarly best fit by a 0.01 oC/year cooling. Some olivine grains contain 

large spherical magmatic inclusions (~0.3 mm). No symplectic exsolution was found in olivine. Fe-Ti oxides show 

coarse exsolution of ~100 m ilmenite, and the Ti-magnetite host contains submicron size secondary exsolution of 

ilmenite parallel to (111). Exsolution pairs give an equilibration temperature of 620-640 oC and logfO2 =QFM-0.5 [6].  

Discussion and Conclusion: The petrology and mineralogy of NWA 10153 are generally similar to those for other 

nakhlites (e.g., abundance of minerals, their chemical compositions, equilibration temperature and high fO2). The 

matching core composition of augite in NWA 10153 with all other nakhlites suggests a common origin from the same 

parent melt. However, this specimen does not fit well in the previous models of a nakhlite igneous body [3,5]. Because 

NWA 10153 has a large interstitial area (similar to NWA 817 and MIL 03346), the model would predict crystallization 

of NWA 10153 near the top of the cumulus pile, and therefore substantial glassy mesostasis. However, interstitial 

feldspar in NWA 10153 is coarse, as in NWA 998 [1], which is considered to have been formed near the base of the 

body. The obtained cooling rate from olivine zoning of NWA 10153 is comparable to those for Nakhla, Governador 

Valadares, and Y000593 [5] that are considered to have crystallized at intermediate depths in the body. Despite similar 

cooling rates, olivine in NWA 10153 does not contain symplectic exsolution observed in the other three nakhlite 

specimens. Also, Ca-Fe-Mg zoning in augite is unlike that in any other nakhlites, although the core portions show 

similarities to Nakhla/Governador Valadares/Y000593 in both major and minor elements. Thus, perhaps NWA 10153 

formed in a separate flow or sill different from other nakhlites, even though they are all closely related. This scenario 

is supported by its distinct initial Nd isotopic composition [2]. However, we cannot rule out the possibility that the 

nakhlite cumulus pile was more heterogeneous than previously considered, and that NWA 10153 was located in the 

same igneous body as the other eight known nakhlites. 
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