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Introduction: All Martian meteorites have been 

modified by shock waves, generated by hypervelocity 
impact events on Mars. Shock P-T-t conditions can be 
constrained by high-pressure solid-state transfor-
mations, crystallization products of shock melts, and 
by shock deformation of host rock minerals [1]. In this 
study we investigate shock metamorphism in Tissint, a 
recent depleted picritic shergottite fall witnessed on 
July 18th, 2011 [2]. The goal is to characterize shock 
features and high-pressure minerals in this meteorite, 
of which the location, character and distribution con-
strain shock conditions and the post-shock cooling 
history of Tissint. 

Samples and Analytical Methods: Two polished 
thin sections of Tissint were investigated by transmit-
ted and reflected light microscopy. Microtextures were 
characterized by BSE images at UAb. Major and minor 
elemental abundances were measured using EDS. Ra-
man spectra were collected with a Bruker SENTERRA 
spectrometer at GMU using a 532 nm laser operating 
at 10 mW. A sequence of three-10 s exposures were 
averaged. Several areas of interest were excavated for 
TEM analysis using a FEI Nova II FIB system at the 
ASU LeRoy-Eyring Center for Solid State Science 
(See Hu et al., LPSC companion abstract). 

Results: Tissint is composed of mm-size macro-
crysts of zoned olivine and smaller more ferroan oli-
vine with relatively flat zoning profiles, embedded in a 
groundmass of pyroxene and plagioclase (now glass). 
Both thin sections contain heterogeneously distributed 
shock melt in the form of veins and pockets.  

Deformational Shock Features.  Olivine is pale to 
dark brown in transmitted light, with increased darken-
ing in proximity to shock melt. Olivine macrocrysts are 
heavily fractured, containing both irregular fractures 
and several sets of planar fractures. Strong mosaicism 
is observed under crossed polars. Near larger volumes 
of shock melt, fractures are typically coated with thin 
films of Fe-oxide or Fe-sulfide, giving olivine a locally 
blackened appearance. Pyroxenes also have irregular 
fractures and strong mosaicism. Plagioclase has been 
completely converted to maskelynite or normal plagio-
clase glass, the latter is distinguished by the presence 
of flow lines and vesicles.  

Transformational Shock Features. Two areas of in-
terest were selected for detailed Raman analysis: (1) a 
~120 µm shock vein (Fig. 1a), and (2) a thicker (1.4 
mm), irregularly-shaped shock melt vein (Fig. 1b).  

!"#µ$#

%&'()#*+,-#

'.,*,-+#$/(0'(01%2#

30,4&2#0,$#5#./$+../+#

3#

!!6#µ$#

3/%/.7(#
40'8-9$/%%#

%&'()#*+,-#

'.,*,-+#

/#

 
Figure. 1. BSE images of Tissint shock veins.  

(1) The zoned olivine macrocryst is sheared and 
offset where it is cut by the shock vein, with ~200 µm 
displacement. Fractures in host rock olivine are trun-
cated at the vein margin. The vein is opaque in trans-
mitted light and is relatively straight. BSE images re-
veal a fine-grained matrix (≤1−2 µm), devoid of vesi-
cles, with small Fe-sulfide spheres dispersed through-
out. The walls of olivine in direct contact with the vein 
are brighter in BSE images, indicating a higher average 
atomic number or higher density relative to the host-
rock olivine (Fig. 1a). This brighter material forms a 
homogeneous rim (~5-8 µm thick), grading to thin (≤1 
µm), bright lamellae extending 4−12 µm into olivine 
(Fig. 1a). Raman spectra collected on the bright rim 
and lamellae (Fig. 2), have a strong doublet at 790 cm-1 
and 842 cm-1, corresponding to the vibrational modes 
for ringwoodite [3]. Additional peaks consistently ap-
pear in ringwoodite spectra near 200 cm-1, 290 cm-1, 
595 cm-1 and 670 cm-1 suggesting the presence of an 
additional phase, most likely magnetite or magnesio-
wüstite [4]. Raman analyses of the vein matrix yield 
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three distinct spectral signatures (Fig. 2): (1) flat spec-
tra indicating Raman-inactive phases, (2) a 668 cm-1 
and 1000 cm-1 doublet characteristic of pyroxene, and 
(3) pyroxene + pyrrhottite identified by peaks at 300 
cm-1 − 375 cm-1 within pyroxene spectra (Fig. 2).  

(2) The second area − a thicker, irregularly-shaped 
shock vein, exhibits several features that set it apart 
from the thin vein previously discussed. The shock 
melt / host rock contact is gradational (Fig. 1b). At its 
thickest (1.4 mm) the shock vein matrix consists of 
glass + vesicles + Fe-sulfide spheres. The glasses 
range from schlieren-rich (flow lines with contrasting 
greyscale in BSE images) to homogeneous (uniform 
greyscale). The abundance of crystals increases toward 
the host-rock margin. A zone ~100 µm at the vein 
margin is largely crystalline, as are areas of the vein 
where it is thinner (~450 µm). The shock vein matrix is 
opaque in transmitted light, containing several frag-
ments of optically anisotropic host rock minerals. BSE 
images reveal the presence of many additional sub-
rounded fragments not visible with the optical micro-
scope. EDS analyses confirm that the fragments are 
(compositionally): olivine + pyroxene + chromite + 
plagioclase. Fragments are absent in the vein center.  

No evidence for high-pressure polymorphs were 
identified. Crystals with pyroxene composition yield 
spectra with sharp peaks at 330, 401, 668−670 and 
1006 cm-1, identical to host rock pyroxene. Likewise 
spectra from host rock olivine in direct contact with the 
vein exhibit a strong doublet at 818 and 847 cm-1.  
Entrained host rock pyroxene and olivine fragments 
show no signs of transformation. Fragments of FeCr-
oxides yield a strong peak at 686 cm-1 with a broad 
hump centered over 560 cm-1 (chromite), as opposed to 
the CaTiO4-structured high-pressure polymorph [6]. 
The glassy vein center yields weak Raman signals con-
sistent with pyroxene glasses. Jadeite, with peaks near 
375 cm-1, 520 cm-1, 700 cm-1 and a doublet at 990 cm-1 
and 1000 cm-1 has been identified in entrained grains 
that were originally plagioclase and along the walls of 
former plagioclase in contact with the vein. BSE imag-
es show a range of textures within jadeite-containing 
grains; fine-grained clusters of dendritic grains and 
1−3 µm size equant grains. In both cases jadeite is em-
bedded in plagioclase glass.  

Discussion: Evidence of shock deformation and 
the local transformation of olivine to ringwoodite, and 
plagioclase to maskelynite, indicate that Tissint was 
strongly shocked. However, the mineral assemblages 
preserved in and around shock veins vary depending 
on vein thickness. The predominance of pyroxene + 
stishovite in the thin shock vein (see Hu et. al 2012 
LPSC abstract) indicate crystallization at high pres-
sure. The lack of a majoritic garnet, commonly found 

in L chondrite shock veins, may refect higher SiO2 and 
lower Al2O3 in the Tissint shock melt.  The thick shock 
vein, with pyroxene and olivine as well as vesicles, 
quenched after pressure release. This apparent differ-
ence in shock pressure is the result of a relatively short 
duration of the shock pulse combined with a complex 
thermal history.  

The shock recorded in Tissint likely involved a 
high-velocity impactor. Unlike the L-chondrite parent 
body, which was impacted ~460 Ma by a very large 
meteroid, the impact that caused the shock in Tissint 
was likely much smaller, resulting in a much shorter 
shock pulse [7]. Although the entire sample would 
have experienced the same peak shock pressure, the 
large temperature heterogeneities and complex thermal 
history of the sample determined the high-pressure 
mineralogy. Ringwoodite only formed in and along 
thin shock veins because of the high temperatures 
needed to overcome the kinetic barriers for the trans-
formation. However, high-pressure minerals are only 
preserved if the vein region cools on a timescale simi-
lar to that of the shock pulse. The larger melt veins and 
pockets crystallized primarily after pressure release. 
The hot post-shock environment adjacent to the large 
shock melts likely transformed high-pressure phases 
back to their low-pressure polymorphs.  

References: [1] Sharp and DeCarli (2006) In Me-
teorites and the Early Solar System (eds. Lauretta and 
McSween). The University Press, pp. 653-678. 
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10.1126/science.12245414. [3] McMillan and Akaogi 
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(1998) J Raman Spec, 28, 873-878. [5] Reynard and 
Rubie (1996) Am Miner, 81, 1092-1096. [6] Chen et al. 
(2003) PNAS, 100, 14651-14654. [7] Beck et al. 
(2005) Nature, doi:10.1038/nature03616. 
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Figure 2. Representative Raman spectra from two 
shock veins in the Tissint Martian meteorite.  
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