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Introduction: Accurate modal mineralogy of Mar-

tian meteorites is important to aid in calibrating spec-

tral deconvolution of thermal infrared (TIR) data. Min-

eral abundance can be determined by calculating a 

normative mineralogy from bulk chemical composition 

or a modal mineralogy can be determined using the 

traditional point counting technique on thin sections. 

Normative mineralogy calculated from chemistry uses 

simplified mineral formulae and is based upon assump-

tions made about the order in which minerals form as 

well as characterized relationships between rocks and 

minerals. While point counting may produce an accu-

rate mode for a particular thin section, it may be ham-

pered by sample heterogeneity at the hand sample 

scale. 

In this work we explore several techniques in at-

tempting to accurately define modal mineralogy of 

Zagami, a basaltic shergottite. Our ultimate goal is to 

determine the modal mineralogy for a variety of Mar-

tian meteorites and determine a calibration curve to be 

used for spectral deconvolution of TIR data from the 

surface of Mars.  

Samples & Analytical Techniques: Modal miner-

alogy has been determined for two thin sections (P120 

and P628) of Zagami (BM1966, 54). Both of these thin 

sections were examined and described by Stolper and 

McSween [1].  

X-ray element and back-scattered electron maps of 

the thin sections were obtained using both the LEO 

1455VP and the JEOL 5900LV analytical scanning 

electron microscopes at the Natural History Museum, 

London. Electron maps were extracted using the mon-

tage capabilities of Oxford Instruments INCA
®
 soft-

ware. The electron maps were then combined in RGB 

mode using the Adobe Photoshop
® 

software to show 

the distribution of minerals within each thin section, 

(Fig. 1). Modal abundances of the minerals were de-

termined using a pixel counting technique using the 

Photoshop
®
 software program.  

Using Position Sensitive Detector X-Ray Diffrac-

tion (PSD-XRD) and a pattern stripping technique [2, 

3] we have also determined the relative modal abun-

dance of pigeonite and augite in multiple aliquots of 

bulk Zagami and in a pyroxene separate isolated from 

Zagami. We are currently seeking a suitable Maskely-

nite standard to allow accurate determination of a 

complete modal mineralogy in bulk samples of Zaga-

mi.  

Results: The results of modal mineralogy calcula-

tions for the thin sections are shown in Table 1 along-

side the modes from [1] for comparison.  What is im-

mediately apparent from our data is that both thin sec-

tions have variable abundances of the major mineral-

ogy. Pyroxene in P120 is approx. 78vol%, close to the 

pyroxene mode from [1] at around 76vol% and 

70vol% respectively, far removed from P628 that has 

approx. 64vol% pyroxene; a variation of 14vol%. 

Maskelynite varies by ~15vol% across the analyses. 

Minor minerals (both phosphate and the opaques) are 

relatively consistent at around 2vol% in each. 

The altered electron maps (Fig. 1) clearly show dif-

ferent pigeonite to augite ratios in both P120 and P628 

sections. The maskelynite variation is also apparent.  

XRD results from 3 different splits of the bulk 

composition of Zagami show variation in the pigeonite 

to augite ratio as well. In 3 aliquots of bulk Zagami 

powder and the pyroxene separate powder, the ratio of 

the 2 pyroxene types varies from 52% augite and 48% 

pigeonite, to 65% augite and 35% pigeonite.  The av-

erage ratio for all the powdered samples is 58% augite 

and 42% pigeonite 

 

Table 1: Modal mineralogies determined for the same 

thin sections of Zagami using a pixel counting method 

(this study) and traditional point counting method 

([1]). 

 

 This Study 
Stolper & 

McSween 

Mineral P120 P628 1 2 

Pyroxene 78.4% 63.7% 76.3% 69.7% 

Pigeonite 38.7% 18.6% 50.0%  

Augite 39.7% 45.1% 50.0%  

Maske-

lynite 
17.6% 33.3% 18.8% 24.7% 

Phosphate 1.9% 2.0% - - 

Opaque 

minerals 
2.1% 1.0% 3.2% 3.0% 
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Discussion: If total pyroxene is used, our modal 

mineralogy compares well with that derived by [1].  

Based on an electron probe grid, [1] found a pigeonite 

to augite ratio of 50:50 for one of the thin sections they 

studied.  From our mineral maps (Fig. 1) it is evident 

that there is a difference in the pigeonite to augite ratio 

in each sample.  Our pigeonite to augite ratio for P120 

agrees well with [1] at approximately 50:50, however 

in P628, pigeonite makes up much less of the overall 

pyroxene mode.   

Because the mode is different depending on which 

thin section is analysed, we are using the PSD-XRD 

technique [3] to determine the mode.  This method 

produces a mode from a volume of sample (180mm
3
) 

that is significantly greater than that represented in an 

average thin section.  In our preliminary XRD study of 

smaller aliquots, we found pyroxene variability also 

exists.  This variability is difficult to explain without 

the full mode.  We will present a complete PSD-XRD 

mode for Zagami at the conference. 

Conclusions: Determining an accurate modal min-

eralogy for Zagami is highly dependent on the method 

chosen.  We have shown that thin sections may have 

different modes based on mineral distribution hetero-

geneity in the sample, and that using a single thin sec-

tion analysis may not give the most accurate represen-

tation. XRD modes show that the pigeonite to augite 

ratio is also somewhat variable between both individ-

ual analyses and the sample itself. XRD is the ideal 

way to determine the most representative mode.  
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Figure 1: Combined x-ray element map for 

the 2 Zagami thin sections, P120 (top) and 

P628 (bottom.). Both use the following 

RGB fields; Mg=red, Ca=green and 

Fe=blue. This particular combination 

highlights pigeonite (pink), augite (or-

ange), maskelynite (olive green), phos-

phate (lime green) and the opaque miner-

als (blue).  
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