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Introduction: Shergottites are the most abundant 

group of martian meteorites, and are divided into basal-

tic, olivine-phyric, poikilitic, and gabbroic petrologic 

types. [e.g., 1, 2]. Shergottites are also divided into 

three geochemical groups (enriched, intermediate, and 

depleted) based upon their relative light rare earth ele-

ment (LREE) enrichment, and source ε143Nd and ε176Hf 

compositions [e.g., 1, 3]. These variations have arisen 

through the sampling of distinct geochemical reservoirs, 

whose origins and locations remain controversial [e.g., 

4, 5]. The crystallization ages of the shergottites, dated 

using the Sm-Nd, Lu-Hf, and Rb-Sr isotope systems, 

mainly range from ~150-574 Ma [e.g., 6, 7, 8], with 

two meteorites as old as ~2.4 Ga [9, 10]. Here we pre-

sent new major, minor and trace element compositions; 

oxygen fugacity (fO2), temperature and pressure calcu-

lations; and Lu-Hf ages and isotopic composition of 

Northwest Africa (NWA) 10169. NWA 10169 is a 

poikilitic shergottite that was found in the Laayoune 

region of Western Saraha in 2015. Our data indicate 

that NWA 10169 is a new member of the enriched 

shergottites.  

Figure 1. The measured bulk REE profile of NWA 

10169 in comparison to previously studied shergottites. 

Figure modified from [11]; and references therein. 

Analytical Techniques: Major, minor, and trace 

element in situ compositional analyses were performed 

using the JEOL JXA-8900 electron microprobe (EMP) 

at UNLV, and the New Wave Research UP213 

(213nm) solid-state laser ablation system coupled to a 

ThermoScientific iCAP Qc ICP-MS at the Scripps In-

stitute of Oceanography (SIO). Bulk major, minor, and 

trace element compositions were obtained on a second 

ThermoScientific iCAP Qc ICP-MS housed at SIO.  

Lu-Hf Crystallization Age Dating. A ~1 g sample 

of NWA 10169 was crushed in a clean agate mortar 

and pestle. A pyroxene fraction was hand-picked from 

the powder; while spinel, and maskelynite-rich fractions 

were isolated through density separation, using thallium 

malonate (~4.36 g/cc) and lithium metatungstate (~2.75 

g/cc), respectively. The mineral separates, a bulk <45 

µm sample, and a bulk (minus separates) sample were 

dissolved through microwave digestion, then 4-stage 

column chemistry was performed, isolating Lu and Hf. 

All samples were analyzed using a Nu Instruments Nu-

Plasma II MC-ICP-MS at the University of Houston.  

Petrography and Mineral Chemistry: NWA 

10169 exhibits the characteristic bimodal texture ob-

served in the poikilitic shergottites. The namesake poi-

kilitic texture manifests as large (up to 4 mm), anhedral 

pyroxene oikocrysts, enclosing anhedral olivine (100-

800 µm) and anhedral to subhedral chromite (25-100 

µm) chadacrysts. The pyroxene oikocrysts show sharp 

compositional boundaries from pigeonite cores (Wo-

6En68Fs27) and mantles (Wo9En64Fs18), to augite rims 

(Wo35En47Fs18). Olivine chadacrysts range from Fo68 to 

Fo61 from the cores to the rims of the oikocrysts. 

Chromite chadacrysts have uniform compositions of 

Chr66Mgn6Spn15Ulv12. Interstitial to the poikilitic tex-

tures, is a relatively more equigranular assemblage of 

subhedral pyroxene (500-1000 µm), subhedral to euhe-

dral olivine (~800 µm), and plagioclase that has been 

completely shocked to maskelynite (500-100 µm). An-

hedral spinel (up to 300 µm) are commonly enclosed by 

olivine, and there are minor phosphates, pyrrhotite, and 

ilmenite present. This texture is heretofore referred to 

as non-poikilitic. Non-poikilitic pyroxene exists as dis-

crete grains of pigeonite (Wo10En59Fs31) and augite 

(Wo33En47Fs20). Non-poikilitic pyroxene also shows 

significantly higher concentrations of incompatible ele-

ments (Ti, Y, Zr) than poikilitic pyroxene. Non-

poikilitic olivine is more Fe-rich (Fo60) than the olivine 

chadacrysts. Maskelynite in the non-poikilitic texture 

range from An36 to An51, and show positive Eu anoma-

lies [Eu/Eu* = 3.4]. Spinel in the non-poikilitic textures 

are more Ti-rich (Chr32Mgn11Spn8Ulv50) than the poi-

kilitic chromite. Merrillite in NWA 10169, though only 
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in trace amounts, exert an important control on the bulk 

REE composition with La ~555xCI.  

Geochemical Classification: Bulk REE concentra-

tions of NWA 10169, normalized to CI, show a rela-

tively flat, LREE enriched [(La/Yb)CI = 1.18] profile 

(Fig. 1). The profile has a similar pattern to previously 

studied enriched poikilitic shergottites [11-13], and 

shows one of the highest REE-enrichments in the sher-

gottite suite. This observation, along with the textural 

and compositional characteristics of NWA 10169 has 

led to its classification as a new member of the geo-

chemically enriched poikilitic shergottites.  

Figure 2. fO2 normalized to FMQ against the degree of 

LREE enrichment (La/Yb)CI in NWA 10169 and other 

shergottites. Np = non-poikilitic, p = poikilitic. Figure 

modified from [14] and references therin. 

Conditions of Formation: The positive correlation 

between pressure and Ti/Al ratios in pyroxene has been 

experimentally calibrated for martian meteorites [15, 

16], and has been used to estimate pressures of pyrox-

ene oikocryst formation in enriched poikilitic sher-

gottites [11]. Pyroxene Ti/Al ratios in NWA 10169 

suggest pressures of >9 kbar during oikocryst for-

mation. The non-poikilitic texture likely crystallized at 

shallower depths, as the relatively finer and more 

equigranular texture is consistent with faster cooling at 

lower pressures. Subsolidus equilibration temperature 

and fO2 were calculated for both the poikilitic and non-

poikilitic textures using the olivine-pyroxene-spinel 

oxygeobarometer and olivine-spinel geothermometer 

[17]. The poikilitic texture yielded a temperature of 994 

± 220C and a logfO2 of FMQ -2.50 ± 0.38, while the 

non-poikilitic texture yielded a temperature of 803 ± 

660C and a logfO2 of FMQ -1.08 ± 0.15 (Fig. 2). The 

compositional differences between the poikilitic and 

non-poikilitic textures, and these results, suggest a for-

mation consistent with the polybaric crystallization 

model proposed by [11]; in which the poikilitic texture 

likely formed at depth, under more reducing conditions 

and pressures >9 kbar, and following magma ascent, 

the non-poikilitic texture began to form at shallower 

depths and under more oxidizing conditions.   

 
Figure 3. Lu-Hf isochron for NWA 10169, calculated 

with Isoplot. Mask = maskelynite; WR = whole rock; 

WR* = whole rock minus mineral separates. 

Lu-Hf Age and Source Composition: A 5 point 

Lu-Hf isochron yielded a crystallization age of 167 ± 31 

Ma (2σ, MSWD = 1.4) for NWA 10169, and a derived 

initial 176Hf/177Hf of 0.282186 ± 0.000011 (Fig. 3). The 

crystallization age lies between the youngest (~150 Ma) 

and oldest (~225 Ma) enriched poikilitic shergottites, 

NWA 4468 [18] and RBT 04262 [19], respectively. 

The calculated source 176Lu/177Hf of 0.02748 ± 

0.00037 is identical to the calculated sources of NWA 

4468 and RBT 04262, basaltic shergottites Shergotty 

and Zagami, and olivine-phyric shergottite LAR06319, 

suggesting a shared mantle source for this group of 

enriched shergottites. 
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