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The Tissint shergottite 

Shergottites are the most abundant martian 
meteorites.  They are basaltic to ultramafic in 
composition, and are composed largely of olivine, 
pyroxene, and plagioclase (now maskelynite). The 
Tissint shergottite is the most recent shergottite fall, 
recovered in the Oued Drâa Valley in Morocco July 18 
2011 and broken into two parts. It corresponds to the 
fifth observed fall of a martian meteorite [1].  

Tissint is an olivine-phyric shergottite, 
displaying a porphyritic texture. The olivine-phyric 
shergottites commonly display large olivine 
megacrysts set in a groundmass consisting of zoned 
pyroxene and finer-grained olivine (e.g. Yamato-
980459: [2]; Dhofar 019: [3]) as is the case with 
Tissint. Tissint contains large olivine megacrysts up to 
2 mm wide surrounded by a groundmass composed of 
<0.25 mm olivine, pyroxene, and maskelynite grains as 
well as chromite, titano-magnetite, pyrrhotite, and 
minor merrillite. The olivine megacrysts display 
homogeneous corecompositions with Mg # ~80, and 
are zoned outwards to lower Mg#’s at their edges. The 

groundmass olivines show lower Mg# between 70-76 
for the cores to Mg# < 50 for the rims.  

The various grain sizes and textures suggest a 
multiple-stage growth history, which can be 
investigated using Crystal Size Distribution (CSD) 
analysis. CSD is a useful tool to determine crystal 
growth and nucleation history as well as cooling 
history within magmatic systems [4]. The overall CSD 
plots for olivine in olivine-phyric shergottites are all 
very similar and have motivated previous authors to 
imply that these disparate meteorites have similar 
crystallization histories [2]. 

In order to better constraint Tissint’s 
crystallization and growth histories and compare them 
to the other olivine-phyric shergottites, we performed 
crystal size distribution analyses on the olivines in 
Tissint, 1 and 6. 1 and 6 both represent thin section 
numbers. 
 
Methods 

We identified grain boundaries using a 
combination of back-scattered electron (BSE) images 
and optical imaging. Pyroxene boundaries were not 

Fig. 1: Crystal size distribution: of (a) Tissint, 1 olivines and (b) Tissint, 6 olivines, as well LAR 06319 [5] 
and Y-980459 [2] olivine CSD plots.  
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readily distinguishable using these techniques due to 
small grain sizes and pervasive zoning which cause 
grain boundaries to be indistinct in BSE and difficult to 
consistently identify optically. Consequently, we 
focused this study on olivine grains, which are much 
more distinct in BSE and have boundaries that are 
easily distinguished optically. We digitized olivine 
shapes based on BSE contrasts and converted them to 
length and width measurements using the software 
ImageJ. We inputted these measurements into the 
CSDslice software [6], which converts two-
dimensional crystal sizes of random slices through 
grains into a true three-dimensional crystal size 
distribution. We then entered the best matching habit 
ratios (long-, intermediate-, and short-axis ratio) 
calculated with CSDslice in the CSDcorrection 
software [7], which generated the CSD plots (Fig. 1).  
 
Results 

Modal abundances for the two thin sections used in 
this study were calculated using the prepared BSE 
images and give: 28% olivine, 50% pyroxene, 20% 
plagioclase, 2% oxides in Tissint, 1, and 25% olivine, 
52% pyroxene, 22% plagioclase, and 1% oxides in 
Tissint, 6. These abundances are consistent between 
both thin sections and [1] modal abundances, showing 
that the Tissint magma was well-mixed. Tissint modal 
abundances are also similar to LAR 06319 [5] and SaU 
005 [8] modal abundances. However, olivine 
abundances are lower in Dhofar 019 [3] and EET-
A79001 [8]. This could be explained by the fact that 
Tissint magma accumulated some olivine relative to its 
initial olivine content. 

In total, we analyzed 678 and 665 olivine grains in 
the Tissint, 1 and Tissint, 6 thin sections, respectively, 
and the best matching ratios from CSDslice are 
1.00:1.25:1.90 and 1:00:1.60:2.50 (Fig. 1). The CSD 
plots for both thin sections display a concave-up 
negative slope (Fig. 1) consistent with continuous 
growth and nucleation under steady-state conditions. 
The Tissint, 1 plot (Fig. 1a) exhibits a negative slope 
arc-shape and shows a slight flattening for grain sizes 
larger than 1.5 mm, as well as a turnover for the 
smallest sizes regime (<0.2 mm). The Tissint, 6 plot 
(Fig. 1b) also displays a negative slope arc-shape plot 
but does not show a downturn for the smallest grain 
sizes. The slope for grain sizes greater than 2 mm 
displays a slight flattening. The CSD slope of several 
other olivine-phyric shergottites, including LAR 06319 
[5] Dhofar 019 [3], Y-980459 [2,9], SaU 150 [10], and 
SaU 005 [8] show a similar flattening of the largest 
grain sizes. This flattening has been suggested to 
indicate growth and accumulation of megacrysts in a 
magma conduit [5,11] or in a cumulate pile (Balta et 
al., submitted).  

 

Comparison with other olivine-phyric shergottites  
Comparison of our CSD results to other olivine-

phyric shergottites suggests a similarity in cooling rate 
and crystallization path to LAR 06319, which was also 
processed using the CSDslice software [5]. Figure 1 
shows that the LAR 06319 CSD plot is parallel to both 
Tissint CSD plots, except for the lack of a downturn 
for the smallest grain sizes in Tissint, 6 and the 
sampling of larger megacrysts in Tissint (which may 
simply represent biased sampling of rare grains, as 
>4mm grains are present in LAR 06319 [5]). This 
similarity suggests that Tissint underwent a similar 
olivine growth history to LAR 06319, despite the fact 
that LAR 06319 has less Mg-rich olivines. This result 
is complicated by the presence of antecrysts and 
glomerocrysts, but likely does indicate a general 
similarity in the crystallization paths of these 2 
samples. Alternatively, despite the fact that Y-980459 
exhibits olivine with only slightly higher Mg# than 
Tissint, its CSD plot displays a steeper slope exhibiting 
smaller olivines and indicating a different growth 
history. Some discrepancies could be due to the fact 
that [2] only measured 171 grains and did not have 
availability to the CSDslice software. However, it is 
unlikely that this would solely account for differences 
of this magnitude and suggests that Tissint must have 
cooled more slowly than Yamato 980459, as the slope 
value for Y-980459 is considerably steeper (more than 
twice) than Tissint and LAR 06319 slope values.  
 
References 
[1] Chennaoui Aoudjehane et al. (2012) Science, 338, 
785-788. [2] Lentz R. C. F. and McSween H. Y. 
(2005) Antarct. Met. Res., 18, 66-82. [3] Taylor L. A. 
et al. (2002) MAPS, 37, 1107-1128. [4] Marsh B. D. 
(1988) Contrib. Min. Petrol., 99, 277-291. [5] Basu 
Sarbadhikari A. et al. (2009) GCA, 73, 2190–2214. [5] 
Morgan D. J. and Jerram D. A. (2006) Jour. Volc. 
Geoth. Res., 154, 1–7. [7] Higgins M. D. (2000) Am. 
Min., 85, 1105-1116. [8] Goodrich C. A. (2003) GCA, 
67, 3735–3777. [9] Greshake A. et al. (2007) GCA, 68, 
2359–2377. [10] Walton E. L. et al. (2005) MAPS, 40, 
1195-1214. [11] Usui T. et al., GCA., 72, 1711-1730. 
 
 

 1266.pdf44th Lunar and Planetary Science Conference (2013)


