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Introduction: A fresh 500 gram stone found in Mali 

is a relatively coarse grained gabbroic shergottite con-

taining shock-melted intercumulus zones.  Among the 

108 unpaired Martian meteorites now recognized [1], 

only NWA 6342 exhibits some similar shock features. 

 

 
 

Figure 1. Whole NWA 11509 stone showing the phan-

eritic texture and vesicles.  Photo courtesy A. Habibi. 

 

Primary Petrology: The specimen consists of rela-

tively equant grains of clinopyroxene and olivine 

(grainsize 1.4-3 mm) with vesicular, plagioclase-rich in-

terstitial regions (see Figures 1, 2, 3).  The mineral mode 

determined from a back-scattered electron mosaic is 

50.5 vol.% clinopyroxene, 20.1 vol.% plagioclase, 17.1 

vol.% olivine, 11.1 vol.% vesicles, 1.0 vol.% oxides 

(chromite + ilmenite) and 0.2 vol.% pyrrhotite.  Clino-

pyroxene -- comprising both pigeonite (Fs26.3-36.1Wo6.4-

21.7; FeO/MnO = 26-34) and subcalcic augite (Fs19.8-

27.2Wo33.3-32.9, FeO/MnO = 25-32) -- and olivine (Fa37.9-

57.0, FeO/MnO = 50-55) exhibit rather limited composi-

tional zoning.  Olivine has been recrystallized into ag-

gregates of ultra-fine grained polygonal subgrains (see 

Figure 4).  Some plagioclase (which is not maskelynite) 

has a curved lath-like habit.  Chromite has variable Ti 

content and some pyrrhotite contains minor Ni. 

 

Shock-Produced Interstitial Zones: This specimen 

is remarkable for the presence of complex interstitial 

zones (perhaps originally intercumulus) containing two 

separate components (see Figure 5).  The dominant 

component consists of fine grained birefringent, poly-

crystalline plagioclase (An56.0-60.7Or1.8-0.7) intergrown 

with subordinate prismatic low-Ca pyroxene.  The other 

component occurs as spheroidal to irregular “blobs” 

with quench texture composed of blocky grains of 

zoned ferroan olivine (Fa54.3-75.4, FeO/MnO = 53-57), 

acicular grains of more sodic plagioclase (An45.0Or2.1), 

zoned clinopyroxene (Fs32.2-57.8Wo28.6-22.1, FeO/MnO = 

34), chromite, ilmenite, pyrrhotite and rare merrillite. 
 

 
 

Figure 2. Cross-polarized thin section image (width 

1.2 cm). Rounded grains with anomalously low bire-

fringence are polycrystalline olivine; rectangular 

grains are pyroxene; plagioclase+vesicles are dark. 

 

 
Figure 3. Large area BSE image.  Olivine (light gray), 

pyroxene (medium gray), plagioclase-rich interstitial 

regions (dark gray), vesicles (black), sulfide (bright). 

 

     Oxygen Isotopes: Replicate analyses of acid-

washed interior material by laser fluorination gave, re-

spectively, 17O 2.623, 2.564. 2.685; 18O 4.514, 4.401, 

4.640; 17O +0.240, +0.240, +0.235 per mil. 
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Figure 4. EBSD image of a typical low birefringent ol-

ivine grain now composed of myriad polygonal sub-

grains with random crystallographic orientations.  Red 

denotes c-axes perpendicular to page; likewise blue 

and green denote a-axes and b-axes, respectively. 

 

 
Figure 5. BSE image of quench-textured magmatic 

“blob” within vesicular plagioclase (+ pyroxene) 

assemblage in shock-melted interstitial zone. 

 

Table 1.  Whole Rock Elemental Abundances 

 

SiO2     (51.6)            La   1.11           Ba    31             

TiO2       0.44            Ce   2.82           Sr     31 

Al2O3     5.37            Pr    0.43           Rb    1.6 

Cr2O3     0.39            Nd   2.28           Sc   23.4 

FeO      19.63           Sm   1.03           V     159 

MnO      0.32            Eu    0.41          Ni    110 

MgO    13.90            Gd   1.70          Zn     43 

CaO       7.33            Tb    0.31          Y      8.9     

Na2O     0.54             Dy   2.09          Zr     27 

K2O       0.00             Ho   0.43         Hf    0.98              

P2O5      0.46             Er    1.22          Th   0.21 

SUM    100.0            Yb   1.08           U    0.13    

mg        0.558            Lu   0.15           S    1390 

    

Bulk Major and Trace Elements: Clean repre-

sentative dust produced by cutting a sample on an 

Isomet saw using a Cu alloy blade was analyzed for  ma-

jor elements (in wt.%, by ICP-OES) and trace elements 

(in ppm, by QQQ-ICP-MS) at the University of Houston 

(Table 1).  The REE pattern is parallel to and in the 

range of those for ITE-intermediate specimens. 

 

Radiogenic Isotopic Compositions: Clean interior 

material was spiked for Lu-Hf and Sm-Nd analyses, mi-

crowave digested in HF-HNO3 and measured by MC-

ICP-MS.  In spite of the whole rock REE signature, the 
176Hf/177Hf ratio of 0.282940 (Hf = +5.82) plots be-

tween the established fields for intermediate and en-

riched shergottites [2].  Sm-Nd analyses are underway. 

 

 
Figure 6.  Radiogenic isotopic compositions of sher-

gottites (data from [3-5] and our unpubl. analyses).  

The Hf isotopic ratio for NWA 11509 (arrow) implies 

derivation from a unique Martian mantle source unlike 

those yielding other “intermediate” shergottites. 

 

Noble Gases and Cosmic Ray Exposure Age: A 

sample measured at ETH gave preliminary CRE ages 

(3He 2.7 Myr, 21Ne 3.0 Myr) similar to those for many 

other intermediate shergottites [6]. 

 

Concluding Remarks: NWA 11509 is a unique per-

mafic non-poikilitic olivine gabbroic shergottite (possi-

bly a magmatic cumulate) with intermediate ITE affini-

ties but an aberrant Hf isotopic composition.  Polycrys-

talline olivine, which was also recognized in intermedi-

ate shergottite NWA 6342 [7], implies high temperature 

thermal annealing of shock-deformed grains. Rapid 

crystallization of interstitial, shock-produced vesicular 

melts resulted in regions of intergrown plagio-

clase+low-Ca pyroxene, as well as possibly immiscible 

“blobs” of residual evolved liquid, which in turn 

quenched rapidly to aggregates of skeletal grains. 
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