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Introduction:  Shock and impact deformation ef-
fects in meteorites have proven to be “notoriously dif-
ficult to interpret” [1] because of the heterogeneous 
nature of shock propagation. Despite the visible 
asteroidal and lunar cratering evidence for layering of 
impacts on planetary bodies there is only ambiguous 
evidence in the meteorite record for multiple impacts. 
Rock and mineral textures [2-7], extent of brecciation 
[8], radiometric ages with thermal constraints [9], and 
other radiometric chronometers (cosmogenics) [e.g. 
10] were previously the only means of interpreting the 
collisional history of meteorites and their parent aster-
oids. However, each of these has some ambiguity as-
sociated with them. Here we show x-ray 
microtomography (µCT) based 3D petrographic evi-
dence for a sequence of multiple impact events of var-
ying intensity occurring on a single chondritic parent 
body. These findings give significant insight into the 
dynamic collisional evolution of a single asteroid.  

Sample and Methods:  Northwest Africa (NWA) 
7298 is an unequilibrated (~3.8) H chondrite breccia 
containing multiple H chondrite lithologies. We exam-
ined NWA 7298 with µCT at the GSECARS 13-BMD 
beamline at the Advanced Photon Source of the Ar-
gonne National Laboratory with a resolution of 10.7 
µm/voxel (Fig. 1). We used traditional petrographic 
methods [2] to infer the shock stage of NWA 7298. 

Quantitative 3D examination of impact-induced 
petrofabrics (including orientation and intensity of 
foliation) within NWA 7298 was accomplished by 
methods found in [5, 11]. In short, metal grains within 
a volume of interest are digitally isolated and best-fit 
ellipsoids are drawn around each.  Orientation of the 
foliation can then be displayed by drawing a line 
through the long axis of each ellipsoid and collectively 
projecting points of intersection on a hypothetical 
sphere surrounding a sample on a stereoplot (Fig. 1). 
To obtain a quantitative value for the intensity of folia-
tion, we used a variation of the orientation tensor 
method: the natural logarithm of the ratio of major 
over minor eigenvalues of the ellipsoids are computed 
to yield a strength factor [12,13]. The higher the 
strength factor, the greater the common orientation of 
the metal grains in the sample and the greater the com-
paction/shock loading apparent in the material volume 
under investigation (Fig. 2). 

 

 
 
Figure 1. a) µCT “slice” showing two distinct H 
chondrite lithologies within NWA 7298. Lithology A 
possesses shock stage S2 while Lithology B has a 
shock stage of S3. b) lower hemisphere, equal area 
density stereoplot of metal grain orientations in Lithol-
ogy B, c) density stereoplot of metal grain orientations 
in Lithology A.  The orientation of each stereoplot 
relative to the rock is identical. The shock-induced 
petrofabric in each lithology varies in both intensity 
and orientation indicating each experienced a different 
impact history before a weaker consolidating impact 
joined them into a single rock. 
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Results and Interpretation:  The two lithologies 
investigated possess different shock stages.  Lithology 
A has a shock stage of S2, while Lithology B has a 
higher shock stage of S3. A third distinct lithology (C) 
not readily apparent in Figure 1 seems intermingled 
with Lithology A.  A more in-depth investigation of 
lithology C is underway, but preliminary data suggests 
a shock stage of S2. 

Petrofabric Orientation.  Collective metal grain 
orientation in Lithology A is different than that of Li-
thology B (Fig. 1). Uniaxial compaction via impact is 
the sole means of imparting a significant foliation onto 
a chondrite, so each lithology has experienced a differ-
ent impact history. Furthermore, the preservation of 
orientations within the consolidated rock places con-
straints on a final lithifying impact: the last impact 
experienced by the consolidated rock was of lesser 
magnitude than the impact experienced by Lithology 
B, otherwise orientations in both lithologies would be 
identical. 

 

 
Figure 2. Degree of compaction, given by strength 
factor [11-13], determined by collective orientation of 
metal grains in ordinary chondrites versus shock stage. 
Data in black are from [5 and 11].  Distinctly different 
degrees of compaction are found in two lithologies of 
NWA 7298: Lithology A (see Fig. 1) experienced less 
compaction than Lithology B.  

 
Petrofabric Intensity. The intensity of foliation pre-

sent in an ordinary chondrite can be used as an indica-
tor of the degree of shock-induced compaction experi-
enced by the sample and this correlates well with 
shock stage (Fig. 2). Lithologies in NWA 7298 display 
different impact-induced compaction intensities. We 
note that the intensity of foliation seen in Lithology B 
is more intense than typically seen in ordinary 

chondrite material of S3 shock stage.  It is possible that 
some annealing [3,4] occurred after the impact event 
that produced the foliation seen in Lithology B. 

Discussion and Conclusions: Petrofabrics found 
in ordinary chondrites are impact induced [e.g. 5]. 
NWA 7298 contains at least two H chondrite 
lithologies that display different orientations and inten-
sities of shock-induced petrofabric. Two different sce-
narios are possible to produce this arrangement. 

Double impact. Lithology B experienced a strong 
shock (≥S3) event before incorporation into host (Li-
thology A) material.  This strongly oriented the metal 
grains in Lithology B.  Lithology B was then incorpo-
rated into relatively uncompacted host material that 
had not previously experienced a significant shock 
event.  A final shock event then consolidated the two 
lithologies with shock loading of about S2 - enough to 
foliate Lithology A, but not enough to re-orient metal 
grain orientations in Lithology B. 

Triple impact. Lithology B experienced a strong 
(≥S3) shock event before incorporation into host (Li-
thology A) material.  This strongly oriented the metal 
grains in Lithology B.  Lithology B was incorporated 
into Lithology A material, which had already experi-
enced a relatively strong shock event (~S2).  A third, 
final, impact then lithified the materials into a single 
consolidated rock.  This last impact event was ~S1 in 
magnitude (<5-10 GPa), enough to consolidate the 
variable materials but not impart an orientation onto 
the distinct, but consolidated, lithologies.  

Either interpretation demonstrates evidence for the 
intensity and sequence of at least two distinct impact 
events on the H chondrite parent asteroid. These ob-
servations yield new opportunities for investigating the 
dynamic collisional evolution of asteroids. 
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