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Introduction:  Hypervelocity impact is a key geo-
logic process that has influenced the evolution of aster-
oids and planets throughout the history of the solar sys-
tem. The study of highly shocked meteorites provides 
insights into the impact modification or destruction of 
planetary bodies. The shock effects that result from im-
pacts that are recorded in meteorites involve defor-
mation, including mechanical deformation of minerals 
and/or brecciation, and transformation of mineral frag-
ments. The mineral transformations may involve high-
pressure phase transitions or amorphization, and are fa-
cilitated by high temperatures associated with localized 
shock melting.  

Shock effects in ordinary L-chondrites have been 
well documented, and reflect late solar system impacts 
less than 500 Ma due to the parent body break up event 
[1]. While these meteorites represent an important event 
in solar system history, it is important to document 
shock effects in other meteorite groups. There have re-
cently been advances in documenting shock effects and 
high-pressure assemblages in eucrites. These meteorites 
have been reset by ancient solar system impacts at 
~4.48, and 3.4 – 4.1 Ga [2-3]. Assuming that eucrites 
originate from the 530 km diameter asteroid 4 Vesta, 
they provide a means to investigate impacts on a differ-
entiated body through a bombardment period similar to 
that which affected the Moon. The purpose of this study 
is to summarize previous work on shocked eucrites, and 
to discuss these results in comparison with the shock ef-
fects retained in L-chondrites.  

Results from eucrites: Eucrites belong to the larg-
est group of achondrites, the howardite-eucrite-dioge-
nite (HED) group, and many have been brecciated and 
have suffered post-shock annealing. Petrographic work 
on HEDs has shown that in addition to being heavily 
brecciated, many contain vitrified plagioclase as well as 
local shock melt veins and pockets [4-6]. Previous au-
thors have investigated a combination of recrystalliza-
tion and melting textures to suggest that eucrites have 
underwent a complex history involving multistage se-
quences of impact and thermal processing events on 
Vesta [7-9].  

Béréba. The first documentation of high-pressure 
minerals in the eucrite Béréba revealed granular coesite 
and lamellar stishovite domains coexisting with amor-
phous SiO2 [10]. Using the presence of the silica poly-
morphs, they estimated a shock pressure of 8 – 13 GPa.  

Northwest Africa 8003. Subsequently, more high-
pressure minerals were discovered by Pang et al. [11] in 

NWA 8003. They reported the first occurrence of 
tissintite after plagioclase in a eucrite. In addition to 
tissintite, they documented coesite and stishovite in 
transformed SiO2 and used these polymorphs to esti-
mate a pressure >8 GPa. They describe the shock veins 
as being composed of an ‘eclogitic’ assemblage, con-
sisting of super-silicic garnet, clinopyroxene, and 
coesite, and a central portion of garnet + glass. Later, a 
new titanium-oxide mineral, vestaite, was discovered in 
NWA 8003 [12]. 

Northwest Africa 10658. NWA 10658 is a polymict 
eucrite breccia, consisting of clasts up to 4 mm embed-
ded in an aphanitic matrix containing crushed and com-
pacted fragments [13]. SiO2 fragments exhibit radial ex-
pansion cracks, and have been partially transformed to 
coesite. Our Raman spectra from the shock melt pockets 
are consistent with garnet and clinopyroxene. Within 
the center of a shock melt pocket, transformed plagio-
clase exhibits a dendritic texture, and consists of Ca-ma-
jorite, zagamiite, tissintite, and SiO2 glass [14]. 

Northwest Africa 7643. We previously documented 
shock effects in and along a 4-mm wide shock vein in 
NWA 7643 [15]. The shock vein consists of fine-
grained pyroxene and plagioclase along contacts with 
the host rock, and a central region of subhedral to eu-
hdral crystals of zoned pyroxene. Plagioclase located 
along the shock vein have been partially transformed to 
maskelynite. In addition, many feldspars within the 
shock melt exhibit recrystallized, spherulitic textures. 
Within the shock melt, SiO2 grains have been trans-
formed to coesite, and are rimmed with quartz. 

Northwest Africa 8120. NWA 8120 is a monomict 
breccia, transected by a 1-mm shock vein. The host rock 
feldspars are predominantly crystalline, while those as-
sociated with the shock melt have been partially amor-
phized. Within the shock melt, transformed feldspar 
grains exhibit dendritic textures similar to those de-
scribed above in NWA 10658, and our Raman data in-
dicate the presence of garnet and tissintite [15]. In addi-
tion to the garnet assemblage after plagioclase, we doc-
umented feldspars that have been partially transformed 
to tissintite. The shock melt is composed dominantly of 
poikilitic Ca-rich majoritic garnets, with a central region 
of glass and troilite blebs. 

Northwest Africa 8677. The NWA 8677 genomict 
breccia consists of predominantly granulitic clasts as 
well as minor gabbroic fragments entrained in an apha-
nitic matrix with abundant shock melt [15-16]. Feld-
spars associated with shock melt have been partially to 
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completely transformed to maskelynite, with recrystal-
lized feldspars in the melt that exhibit spherulitic tex-
tures similar to those in NWA 7643. Regions of shock 
melt consist of lathes of plagioclase and pyroxene, ex-
hibiting quench textures. Within the shock melt, an SiO2 
fragment has been transformed to coesite and is rimmed 
with quartz and cristobalite. 

Discussion: Interpretation of shock effects. NWA 
8003, 8120, and 10658 have a similar inventory of high-
pressure minerals. Based on the similarity of the shock- 
melt garnets of NWA 8120 and 10658 to those in NWA 
8003 and NWA 8159 [17], they likely have a high-pres-
sure majorite component. Unlike the shock melt in 
NWA 8003 and 8120, which crystallized high-pressure 
assemblages along the shock melt margins, and 
quenched glass in the central region, the shock melt in 
NWA 10658 does not contain a central zone of glass.  
This indicates that the melt in NWA 10658 completely 
crystallized during the high-pressure pulse, whereas the 
melt in NWA 8003 and NWA 8120 did not. This implies 
that the shock pulse experienced by NWA 10658 was 
longer than those of NWA 8003 and NWA 8120. This 
is consistent with the preservation of polymorphs within 
and in the vicinity of the shock melt, which requires 
rapid thermal quench. This is also the case for the Bé-
réba eucrite, where the high-pressure silica polymorphs 
coesite and stishovite were preserved. 

The mineralogy in NWA 7643 and 8677 are domi-
nated by an apparent low pressure signature, with a 
shock-melt assemblage consisting of pyroxene and pla-
gioclase. Despite the dominance of a low pressure min-
eral inventory, the survival of coesite indicates high-
pressure phase transitions and strong shock. We inter-
pret the cristobalite and/or quartz rims on coesite to be 
the result of partial back transformation. Both of these 
samples are rich in shock melt, which formed during the 
shock loading and resulted in a bulk-shock temperature 
too high to quench the melt at high pressure. It is likely 
that other high-pressure polymorphs formed during 
shock, but were then back-transformed to their low-
pressure counterparts. This is supported by the recrys-
tallization overprint of cristobalite/quartz rims on 
coesite grains and spherulitic textures in feldspars. The 
post-shock thermal history of NWA 7643 and 8677 is in 
contrast with Béréba, NWA 8003, 8120, and 10658, 
where smaller volumes of melt allowed for the preser-
vation of high-pressure minerals. 

Implications for parent body impacts. The abun-
dance of eucrite breccias in the meteorite record and 
overall lack of reports of high-pressure minerals in eu-
crites points to a complicated shock history involving 
multiple impact events and post-shock thermal anneal-
ing. The survival of coesite in some moderately to heav-
ily annealed samples indicates that this polymorph can 

survive high-post shock temperatures. While we do not 
have information on the shock melt assemblage in Bé-
réba, the crystallization assemblages in the other eucrite 
shock veins suggest relatively short shock pulse dura-
tions. This is similar to what has been shown in martian 
meteorites [18]. Given the age data available for impact-
reset eucrites, we infer that these eucrites were affected 
by early solar system impacts. 

L-chondrites have provided important examples that 
serve as a foundation of knowledge of shock metamor-
phism in meteorites. Although they are important, 
shocked L-chondrites are generally not brecciated, 
which is in contrast with eucrites. Numerous high-pres-
sure minerals that have been discovered in L-chondrites, 
and are used as diagnostic indicators of strong shock. In 
L-chondrites with large shock-melt veins and pockets, 
the crystallization of high-pressure minerals requires 
longer shock pulse durations. This is likely a result of 
the large impact event at 470 Ma that broke up the L-
chondrite parent body. This is in contrast to the shock-
melt veins in eucrites, which have assemblages that sup-
port quench and crystallization through relatively short 
shock-pulse durations. Therefore, the impactors that af-
fected Vesta or V-type asteroids were numerous, but 
smaller than that which broke up the L-chondrite parent 
body. 
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