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Introduction:  Textural information, such as petro-

fabric, provide important evidence about the physical 

properties of crystallisation and deformation within 

rocks [1-5]. The nakhlite meteorites are a subgroup of 

basaltic igneous rocks from Mars [6]. These meteorites 

are porphyritic and rich in euhedral augite phenocrysts 

with small amounts of olivine phenocrysts and intersti-

tial fine-grained mesostasis [6]. Their crystallisation 

ages span nearly 100 Ma (~1.4-1.3 Ga) and cover at 

least 4 temporally distinct magmatic events [7], yet 

have the same (~11 Ma) cosmogenic exposure age 

[7,8]. This particular subgroup is the least shocked of 

the known Martian meteorites [6,9].  

Previous studies of the textures within the nakhlite 

meteorites have been limited to hand specimen [10,11] 

or 2 dimensional (2D) studies of thin sections using 

image processing software. [9,12-13]. However, the 

crystallographic orientation of elongate euhedral augite 

phenocrysts correlates with their grain shape in 3 di-

mensions (3D). Here we take advantage of this feature 

to present a quantitative description of the 3D textures 

of 10 different nakhlites using electron backscatter 

diffraction (EBSD) expanding upon our previous work 

[14]. 

Methods:  A combination of premade and newly 

made sections were selected for EBSD analysis. Sam-

ples were picked to capture the diversity within the 

nakhlites, taking into account recovery location, known 

age, and modal mineralogy. All samples were cut at 

random with no regard for any petrofabric. Samples 

were mechanically and chemically polished, as well as 

carbon coated (with the exception of Lafayette and 

Miller Range (MIL) 03346) prior to EBSD analysis 

using standard EBSD preparation methods. EBSD data 

for Northwest Africa (NWA) 998 (UG-1 and T1), 

NWA 11013, Governador Valadares (BM 1975,M16), 

Yamato (Y)-000593, Y-000749 and Y-000802 were 

collected using a Zeiss Sigma variable pressure field 

emission gun scanning electron microscope (VP-

FEGSEM) with a NordlysMax2 EBSD detector and 

indexed using AZtec analysis software v3.3 from Ox-

ford instruments at the ISAAC imaging facility, Uni-

versity of Glasgow; EBSD data for meteorites Nakhla, 

Governador Valadares, Lafayette, and MIL 03346 

were collected using a Carl Zeiss IVO SEM at the Ge-

ochemical Analysis Unit (GAU; Macquarie University) 

using a HKL NordlysNano high sensitivity EBSD de-

tector; and EBSD data for NWA 817 was collected 

using a Hitachi SU70 FEGSEM equipped with a Sym-

metry CMOS detector and indexed using AZtec analy-

sis software v3.4 at Oxford Instruments Nanoanalysis 

HQ in High Wycombe. The SEMs were run under high 

vacuum (except MIL 03346 and Lafayette which were 

run at low vacuum ~ 49 Pa), 20 keV, 4-8 nA beam cur-

rent and tilted at 70°. Large area EBSD maps were 

collected using a 3.3 μm step size (2.5 μm NWA 

11013, and 0.4 μm for NWA 817) The data were noise 

reduced using Oxford Instruments HKL Channel 5 

software using a wildspike followed by a 6 point near-

est neighbor zero solution reduction. This reduced data 

then underwent a further one point per grain reduction 

to remove any bias from fractured grains and grains 

less than the map step size prior to being plotted on the 

stereonet.  

Results:  All meteorite samples exhibit a girdle fea-

ture along the augite <c> axis (long axis; Figure 1). 

This foliation becomes more visually distinct in sam-

ples where larger areas were mapped, with lower and 

more consistent experimental densities (MUD) values 

observed between different meteorite samples. The 

girdle feature is also consistent between different ana-

lysed samples of the same meteorite specimen (e.g. 

NWA 998 and Governador Valadares; Figure 1). Dif-

ferent slip systems are also present within the nakhlite 

olivine and augite phenocrysts [15] (this meeting). 

Discussion: The most recent in depth study of the 

nakhlites reported that no distinctive textures were dis-

cernable [16], which contrasts with earlier studies in 

which textural features such as foliations and lineations 

were identified [9-11,13]. Our 3D study using EBSD 

shows that there is in fact a foliation present with a 

preferred alignment along the augite <c> axis evi-

denced by a girdle feature present within all 10 of the 

nakhlites. The size of the sampled area is important for 

being able to discern representative textural features. 

Large area EBSD mapping of samples enables the thin 

section scale crystallization related igneous textures to 

be discerned from the microscale. With the larger the 

area providing a better interpretation of the textures 
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present. These textures can be linked to magmatic pro-

cesses such as flow or gravity settling of the nakhlite 

parent lavas. Further EBSD work using samples cut 

perpendicular to the petrofabric will need to be done to 

distinguish between these two possibilities. How these 

textures inform our understanding of the nakhlite 

magmatic environment is ongoing work and will be 

discussed at the meeting. 
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Figure 1:  Low-

er hemisphere 

stereographic 

projection of the 

<c> axis of au-

gite crystals 

(one point per 

grain, cluster 

size 5°, half 

width 5°) from 

large area EBSD 

maps. A girdle 

feature can be 

seen within the 

<c> axis of each 

nakhlite meteor-

ite. This girdle 

feature becomes 

more prominent 

with increasing 

grain count. 
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