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Introduction: Barringer Meteorite Crater (a.k.a.
Meteor Crater), Arizona, is one of the youngest and
best preserved impact craters on Earth. For that reason, it provides a baseline for similar craters formed in
the geologic past, formed elsewhere in the Solar System, and illuminates the astronomical and geological
processes that produce them. The crater has not, however, escaped erosion completely. While Shoemaker
[1] mapped a breccia with fallback components inside
the crater, he did not locate it beyond the crater rim.
He only found remnants of that type of debris in reworked alluvium [1; see also 2]. Fallback breccia and
any base-surge deposits have, thus, been missing components in studies of material ejected beyond the transient crater rim.
Relics of that type of material began to emerge
(Fig. 1) in a new mapping effort. In a series of NASAsponsored student training and research programs,
fallback material and related ejecta mechanics are being systematically documented [3-8]. Here, we present
the latest results, which indicate traces of fallback
breccia survive on the crater rim.

Mapping: The impact event excavated and ejected
Coconino sandstone, Kaibab dolomite, and Moenkopi
siltstone around the crater. An ~8,500 m2 area of that
ejecta was re-mapped in the vicinity of Whale Rock
(Fig. 2) on the west side of the crater. This area was
previously described [1] as Kaibab ejecta and alluvium. In the current study, we documented the locations
of Moenkopi blocks in both of those domains, conducted representative 1-m2 point counts of surface
components (e.g., Moenkopi, Kaibab, Coconino), and
surveyed the surface for other relics of fallback ejecta
(e.g., impact melt particles).

Figure 2. Portion of area mapped near Whale Rock
(far left). This area was previously used to ascertain
[9,11] an approximate age of the crater (c. 50 ka) and
erosion rates (e.g., between 50 and 23 ka, as shown).
Although the area is mapped as Kaibab ejecta, it
contains blocks of Moenkopi ejecta. From [7].

Figure 1. Fragments of red Moenkopi siltstone (foreground), from the uppermost impact target unit and a
proxy for fallback ejecta, are located among Kaibab
boulders near the summit of the crater rim. From [7].

Results: A series of ejected blocks of Moenkopi
were documented along the entire mapped region (Fig.
3). Blocks ranged in size up to exposed lengths of 0.9
m. Importantly, these blocks are near the rim crest at
elevations up to 48 m above bedrock Moenkopi in the
crater walls. Nine representative 1-m2 surface surveys
reveal a small clast content that is dominated by Kai-
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bab, contains 1.5 to 23% Moenkopi, and contains only
rare Coconino. A drift survey across the surface of the
area located two fragments of vesicular impact melt
(clearly distinguishable from volcanic detritus that contaminates the crater region) within a few meters (Fig.
3) of the crater rim crest.

Figure 3. Locations of ejected Moenkopi blocks (orange points) and impact melt particles (red rectangles)
topographically above Moenkopi bedrock in the crater
wall (burgundy strata on right). Additional fragments
of Moenkopi occur on the ejecta blanket farther to the
left and were likely transported downslope by erosion
of fallback ejecta. West crater rim in the vicinity of
Whale Rock (far left), looking obliquely south to north.
Discussion: Moenkopi blocks near the rim crest,
far above bedrock exposures in the crater wall, must
be ejecta because rock does not erode uphill. The
Moenkopi ejecta is stratigraphically above Kaibab
ejecta and is, thus, part of a fallback unit, rather than
the main unit of Moenkopi ejecta that underlies Kaibab
ejecta (e.g., Fig. 7.4 of [7]). We cannot completely
discount the possibility the Moenkopi blocks are transported by humans as it was used as building stone
around the crater, but we note the blocks are usually
buried and often from the shaley member of the Moenkopi, which is not used as a building stone. Impact
melt particles in the same area seem to confirm a
fallback origin for the deposit, although we are again
mindful the surface has been disturbed by visitors.
While the Moenkopi blocks and impact melt particles are sitting on top of Kaibab ejecta, they are clearly
below the uppermost Kaibab ejecta surface (Fig. 2).
This suggests the material may be within depressions
that existed on the original surface of the ejecta blanket. Alternatively, and perhaps more likely, the debris
is slightly displaced fallback breccia that settled
downward as the ejecta blanket was being deflated.
Because the Moenkopi blocks and impact melt particles are within a few meters of the rim crest, any
downslope transport was very small and the debris is
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very close to where it was originally deposited by the
impact. It is perhaps stunning that any fallback ejecta
survives in an area where cosmogenic nuclide analyses
[9] indicate up to 10 m of erosion into the Kaibab ejecta layer occurred (Fig. 2).
Very little Coconino ejecta survives along with the
Moenkopi fallback ejecta. Thus, if Coconino was part
of the fallback breccia, it seems to have been destroyed. Nor is there a layer of Coconino ejecta that,
ideally [10], should have been deposited on top of the
layer of Kaibab ejecta and beneath any fallback ejecta.
Either Coconino was not ejected in that region of the
crater or it was preferentially removed during deflation
of the crater rim.
Conclusions: Decimeter-scale mapping reveals
blocks of Moenkopi ejecta and impact melt particles in
an area previously mapped as Kaibab ejecta. The newly recognized debris indicates traces of fallback ejecta
lay scattered on the erosional surface of the continuous
Kaibab ejecta layer near the crater rim on the west side
of the crater. These traces of fallback breccia augment
those found [5,7] on top of Coconino ejecta roughly
100 m from crater rim on the south side of the crater.
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