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High-Precision Electron Microprobe analyses at the

University of Tennessee at Knoxville and Rutgers

University for major and minor elements in 12 olivine-

phyric shergottites.

Operational settings:

Olivine:

•15 kV, 200 nA, 1 µm;

•On peak count time: 20 s for Mg, Si; 40 s for

Fe, Mn, Ni; 100 s for Ca; 120 s for P, Ti, Cr, Co;

160 s for Zn; 240 s for Al.

Spinel:

•15 kV, 20 nA, 1 µm;

•On peak count times: 20 s for Si, Ti, Cr, Mg; 30

s for Al, V, Ca, Mn, Fe.

Discussion and Summary

•Enriched shergottites can be discriminated from the depleted and intermediate shergottites based on Ni

content, but not on Mn or Ca content.

•Bulk rock indices do not indicate variations in the modal abundance of olivine in the shergottite source regions.

•Based on olivine chemistry (Fig. 3), bulk rock indices (Fig. 4), and crystallization temperatures (Fig. 2) changes

in the modal abundance of olivine in the mantle source is unlikely.

• The observed geochemical variation are more consistent with a P-T control.

•Experimental [7-13, 21] results show enriched olivine-phyric shergottites may be sourced from greater depths

and higher pressures than intermediate and depleted shergottites.

•Despite being LREE depleted, Tissint’s Ni-rich olivine can be explained by a pressure control, where it formed

at greater depths [22] than other depleted shergottites.

•Ni variations in olivine at a given Fo content may be a useful tool in identifying relative pressure variations in

the source of melting on Mars.
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Aluminum-in-olivine Thermometry.

•Averaged 2–3 analyses in each spinel inclusion

to calculate Cr# and Al2O3 content;

•Averaged 2–3 analyses in olivine 50–150 µm

away from the inclusion to determine Al2O3

content;

•Averaged Al2O3 content from olivine and spinel

used to calculate olivine-spinel partition

coefficient (KD) of Al2O3;

•Cr# and KD were used in the Al-in-olivine

thermometer derived from [5] and calibrated by

[6] to calculate co-crystallization temperatures.
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Recent terrestrial studies show olivine chemistry (e.g., Ni, Mn, Ca) varies in terrestrial basalts (e.g., mid-

ocean ridge (MOR) vs. ocean island basalts) (Fig. 1) [1-4].

•Two prominent mechanisms for this variation have been proposed:

1) Olivine-poor pyroxenite (<40 vol % olivine) vs. typical peridotite (>40 vol % olivine) mantle source

lithologies [1];

2) Partial melting of typical peridotite at high vs. low pressures [2-3].

Olivine-phyric shergottites are primitive and ideal candidates to investigate the use of olivine chemistry with

respect to constrain shergottite petrogenesis.

Figure 2. Average olivine-spinel co-crystallization temperatures

calculated using the Al-in-olivine thermometer (filled circles)

compared to olivine crystallization temperature reported in the

literature (open circles) based on experimental studies and

different geothermometers [7-13]. Fo content for meteorites is

also reported. Higher Fo content typically yields higher olivine

crystallization temperatures. There is little variation between

shergottite groups based on olivine crystallization

temperatures. Results from Al thermometry are within error of

temperatures calculated using experimental methods and other

geothermometers (e.g., olivine melt Mg-exchange

thermometry). Similar crystallization temperatures across the

groups indicate mantle source lithology is not a likely control as

olivine-poor lithologies exhibit lower melting temperatures [14].

Figure 4 (above). Bulk rock indices for olivine-phyric

shergottites. Relative differences in these indices may

indicate differences in source lithology. Calcium will be

lower at a given MgO if derived from an olivine-poor

pyroxenite source as Ca will be retained in the pyroxene-

garnet residuum [15]. Variation in CaO is minimal between

groups (A). Manganese has a higher partition coefficient in

pyroxene-garnet and basalts generated from a pyroxenite

source will have a low FeO/MnO ratio [16]. The shergottite

groups cannot be discriminated from one another based on

FeO/MnO (B). Similar to Mn, Zn favors partitioning into

pyroxene-garnet and a basalt from a pyroxenite source will

have a high Zn/Fe ratio [17-18]. The Zn/Fe ratio does not

show substantial variation between shergottite groups.

These indices suggest changes in source lithology is not a

controlling factor on Ni in olivine. Data from [19-20].

Figure 1. Terrestrial olivine from Hawaii and MORBs can be discriminated based on Ni at a given Fo content and based on the

Mn/Fe ratio, which minimizes the effect of olivine fractionation. Nickel enrichment here is accredited to an olivine-poor mantle

source [1]. However, other workers have suggested a P-T control for the variations in olivine chemistry, whereby melting of

peridotite at high P-T can produce a similar geochemical signature in Ni [2-3]. Data from [1].
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Figure 3. (left) A) Ni content (ppm) vs. Fo content in olivine

macrocrysts. Enriched olivine-phyric shergottites can be

discriminated from the depleted and intermediate

shergottites based on Ni content at a given Fo content. This

relative enrichment in Ni is similar to what is observed in

Hawaiian olivine and may suggest a comparable controls

on Mars. B) Mn content (ppm) vs. Fo content in olivine and

C) 100Ni/Mg vs. 100Mn/Fe in olivine. Manganese content

overlaps between groups. The Mn/Fe and Ni/Mg ratio

minimizes the effect of olivine fractionation and has been

used to detect changes in the source lithology of basalts [1],

but the shergottite groups cannot be distinguished based on

this parameter. Despite the Ni enrichment in the enriched

group relative to the intermediate and depleted, martian

olivine chemistry is not consistent with changes in source

lithology.


