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Introduction:  Shergottites are the dominant mar-

tian meteorite group and, as such, are crucial in under-

standing the evolution and lithology of the martian man-

tle. Three distinct mantle reservoirs have been defined 

for shergottites based on Light Rare Earth Element 

(LREE) enrichment and radiogenic isotope composi-

tions: 1) enriched, 2) intermediate, and 3) depleted [1]. 

However, the identity and nature of these reservoirs in 

the martian interior remains enigmatic and is a source of 

controversy.  

Olivine is the first silicate mineral to crystallize from 

shergottite parent magmas and serves as a physiochem-

ical tracer, preserving a wealth of information regarding 

magmatic processes in the crust and mantle over the ge-

ologic history of differentiated planetary bodies [2]. 

Valuable insights into parental melt compositions and 

mantle source chemistry can be obtained by investigat-

ing olivine chemistry in detail. Terrestrial studies have 

used correlations between major, minor, and trace ele-

ments in olivine to discriminate mantle source lithology 

of basalts [3, 4], determine redox conditions [3], and 

temperature and depth of melting [5]. Olivine-phyric 

shergottites are the most primitive of the shergottite 

group and are thus, ideal candidates for investigating the 

use of olivine chemistry with respect to mantle source 

lithology, which is the focus of this study. 

Recent studies have shown olivine minor-element 

chemistry (e.g., Ni, Mn, Ca, Cr, Co, Zn) varies in terres-

trial basalts (e.g., mid-ocean ridge versus ocean island 

basalts) [3-6] and two prominent mechanisms have been 

proposed to explain the observed variations in olivine 

chemistry: 1) Olivine-poor pyroxenite vs. typical peri-

dotite mantle source lithologies [3] and 2) partial melt-

ing at high versus low pressures [5]. Melting of pyroxe-

nite in the mantle, will produce Ni-rich melts due to the 

lower abundance of olivine in the source. Resultant 

crystallizing olivine will be enriched in Ni in compari-

son to olivine derived from peridotite melting. Temper-

ature and pressure affect the partitioning of certain ele-

ments in olivine, including Ni. Experimental studies 

show minor element signatures in olivine similar to 

those derived from olivine-poor lithologies can be pro-

duced by melting peridotite at high pressures and tem-

peratures [5]. Here olivine would crystallize with higher 

Ni relative to their source.  

In this study, we use high-precision electron probe 

microanalysis (EPMA) techniques to analyze minor and 

trace elements in olivine and Al-in-olivine thermometry 
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to investigate the use of olivine chemistry in constrain-

ing shergottite petrogenesis and mantle source litholog-

ical variations between the three shergottite groups. 

Methods: In situ major and minor elemental abun-

dances of olivine were characterized using EPMA via  

CAMECA SX 100 at the University of Tennessee and 

JEOL JXA-8200 Superprobe at Rutgers Univ. Instru-

ments were calibrated using well-characterized natural 

and synthetic standards. Secondary standards were used 

to ensure data quality. High precision analyses were per-

formed with a high-beam current of 200 nA, 15 kV and 

count times of 20s-40s for Mg, Si, Fe, Ni, Mn; 100s for 

Ca; 120s for Cr, Ti, Co, P; 160s for Zn; 240s for Al. 

Spinel analyses were performed at 20 nA, 15 kV, and 

count times of 20s-40s. Co-crystallization temperatures 

of olivine-spinel pairs were calculated using Al-in-oli-

vine thermometry [8, 9]. 

Results: We present results of olivine analyzed from 

a suite of 12 olivine-phyric shergottites, including: the 

enriched (Larkman Nunatak (LAR) 12011; Northwest 

Africa (NWA) 1068), intermediate (Elephant Moraine 

79001; NWA 6234; NWA 10170), and depleted 

(Dhofar 019; Sayh al Uhaymir (SaU) 005; NWA 2046; 

Dar al Gani 1037; NWA 4925; LAR 12095; Tissint) res-

ervoirs. All olivine analyzed represent macrocrysts (0.9 

– ~3 mm).  

The olivine from Tissint and NWA 2046 are the 

most Mg-rich in this study with Fo contents up to 83. 

Despite some overlap between groups, enriched olivine-

phyric shergottites show Ni enrichment at a given Fo 

content compared to depleted and intermediate olivine-

phyric shergottites (Fig. 1A). For example, the enriched 

olivine-phyric shergottites NWA 1068 and LAR 12011 

have high-Ni (~600–800 ppm) relative to depleted oli-

vine-phyric shergottites such as SaU 005 (~400 ppm) at 

the same Fo content. The Ni enrichment in olivine of 

enriched olivine-phyric shergottites observed in this 

study is consistent with previously reported data of Ni-

rich olivine in enriched shergottites [9-14]. In addition, 

Mn/Fe in olivine has substantial overlap among the 

shergottite groups (Fig. 1B). Calcium content in olivine 

completely overlaps for the different shergottite groups. 

Crystallization temperatures derived from olivine-spi-

nel pairs, using the Al-in-olivine thermometer, range 

from 875–1710°C, where core olivine-spinel pairs ex-

hibit higher co-crystallization temperatures than oli-

vine-spinel pairs at, or near, the rim of macrocrysts.   

Discussion: Olivine chemistry variations within 

shergottite subgroups: Olivine macrocrysts of the en-

riched olivine-phyric shergottites show Ni enrichment 

at a given Fo, however, to discriminate between a litho-

logical or P-T control, other elements must be taken into 

consideration. Melts generated from a olivine-poor 

source are expected to have lower Mn and Ca as a result 

of higher partition coefficients into pyroxene and garnet 

[3], while a P-T control would exhibit minimal variation 

in trace elements on Ni partitioning [15]. The higher 

concentrations of Mn in the enriched olivine-phyric 

shergottites does not behave as would be expected if a 

pyroxenite (i.e., low olivine abundance in source lithol-

ogy) component was present in the mantle source. Cal-

cium content between shergottite groups are similar, but 

it has recently been shown that Ca partitioning in olivine 

is affected by magmatic water and may be used as a hy-

grometer [16]. The range of olivine-spinel co-crystalli-

zation temperatures record a cooling path, with higher 

temperatures associated with Mg-rich core olivine-spi-

nel pairs and cooler temperatures occurring in olivine-

spinel pairs located near more Fe-rich rims. Despite 

fluctuations in core-rim co-crystallization temperatures, 

there is minimal variation within and between sher-

gottite groups.  

Implications for mantle source lithology: A compi-

lation of bulk-rock geochemical data for shergottites 

was compiled [16] and used to calculate bulk rock indi-

ces (e.g., CaO vs. MgO) useful for discriminating be-

tween olivine-poor pyroxenitic and peridotite mantle 

components in terrestrial basalts. These indices do not 

show considerable variation between reservoirs (Fig. 2) 

and indicate mantle source lithology is likely not the 

dominant control on the observed variations in olivine 

chemistry for the olivine-phyric shergottites. Experi-

mental studies and modeling show the enriched olivine-

phyric shergottites may be sourced from greater depths 

and higher pressures than intermediate and depleted 

shergottites [18]. Regardless of formation at different 

depths, co-crystallization temperatures of olivine-spinel 

pairs calculated with the Al-in-olivine thermometer 

show a broad range of temperatures, but minimal varia-

tion between groups. The observed geochemical varia-

tions in olivine, similar crystallization temperatures 

within shergottite groups, and minimal variations in 

bulk-rock indices are more consistent with pressure as a 

control. Here we suggest Ni variations in olivine at a 

given Fo content may be a useful tool in identifying rel-

ative pressure variations for the source of melting on 

Mars.  
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