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18.  Trail Guide 2:  Crater Rim West ❖❖❖ 
 

 
While this trail guide traces the western route from the south side of the crater to the north side 

of the crater, most of the field stops will be on the south and southwestern sides of the crater.  The south 
side of the crater provides an outstanding set of clues about crater excavation and emplacement of ejecta, 
both in the continuous ejecta blanket and fallback breccia that covered it, that were not recognized until 
recently.  Many of these clues were documented by graduate students participating in the Field Training 
and Research Program at Meteor Crater over the past decade.  Their work is gratefully acknowledged. 
 
 
1,376 ft Deep Borehole 
 
 Units of the crater rim were exposed when a 1,376 ft-deep churn drill hole was drilled in 1920-
1922.   Although the outcrop is over 100 years old, the extraordinary nature of the outcrop was not 
recognized until recently (Kring et al., 2011a).   
 
 Peering past the top of the churn hole, one can see the contact between the uplifted Kaibab and 
Moenkopi in the crater wall.  The base of the Moenkopi is composed of 1.2 m of shale and 3.6 m of 
massive, cross-bedded siltstone of the Wupatki Member.   Five meters of shaly siltstone of the Moqui 
Member follows.  The stratigraphy is then overturned along an axial plane within the Moqui.  The basal 
portion of the overturn Moenkopi is incomplete and represented, instead, by a 0.3 to 0.7 m-thick 
unconsolidated breccia that contains blocks of both Moqui and Wupatki lithologies (Fig. 18.1).  That 
breccia is covered by a ~1.4 m-thick unconsolidated breccia of both Moenkopi and Kaibab fragments, 
and then intermittent blocks of lithified breccia, similar to the P-T boundary breccia in the normal 
stratrigraphic sequence (e.g., Fig 19.15).  There is, however, no other Kaibab before being covered, in 
turn, by overturned Coconino and Toroweap.  Approximately 80 meters of Kaibab is missing. 
 
 The loss of Kaibab from the rim sequence requires shearing to a more distant portion of the 
ejecta blanket and requires a pair of faults at the lower boundary of the overturned Coconino and 
Toroweap sandstone (Kring et al., 2011a).  The underlying mixed breccia wedge might then be 
interpreted as a fault breccia of a combination of ejecta and fault breccia.  Shearing and faulting may not 
be quite the correct terms if the units were devoid of cohesion when separation of the Kaibab occurred.  
Nonetheless, the effective result is the displacement of Kaibab past both the Moenkopi and Coconino.  
Furthermore, the stratigraphic hiatus that it produced has the mappable attributes of faults. 
 
 The lack of Kaibab near the rim is confirmed in the DDH log for Meteor Crater Core #4 (see 
Chapter 2).  That log records a sequence, from bottom to top, of dolomite, red sandstone, dolomite, and 
sandstone, representing target Kaibab, target and ejected Moenkopi, ejected Kaibab, and ejected 
Coconino.  The ejected Kaibab is anomalously thin, reportedly <5.1 m and probably <2.4 m (Haines, 
1966).  I confirmed the thinness of that unit by examining the core, which is now curated at the USGS 
Astrogeology Science Center.  Thus, the core indicates the Kaibab ejecta is also thinned to a distance of 
10 m from the topographical crater rim and ~50 m west-southwest of the current field stop at the top of 
the 1,376 ft borehole. 
 

If the Kaibab dolomite was sheared from the rim sequence on the south side of the crater, then it 
was displaced to greater radial distances.  Interestingly, Roddy et al. (1975) reported that drilling into the 
ejecta blanket “shows the overturned flap is the thickest on the southern side of the crater where low 
hummocky hills composed of blocks of Kaibab lie as far as 1500 m from the center of the crater.”  This is 
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consistent with field observations that suggest unusually large amount of Kaibab occurs lower on the 
ejecta slopes than elsewhere around the crater and that the topographic profile of the original ejecta 
deposit was less steep to the south.  This displacement of Kaibab seen in the measured section appears to 
extend to distances of at least 50 m from the crater rim, because it is not visible in debris around a ~100- 
year-old exploration shaft that is located ~50 m south of this field stop. 
 
 We recently conducted a geophysical survey along a south-bearing transect from this location 
(Roy et al., 2011).  A 645 m 2-D single component seismic line was run radially outward.  A total of 228 
shots spaced 3 m apart were acquired using a truck-mounted Accelerated Weight Drop.  This was the 
first reflection seismic study conducted at the crater.  We also acquired a new set of p-wave velocity data 
on crater rock samples that augment those tabulated in Chapter 2.  They, along with other details of the 
work, will be described in a paper still to be prepared.  That geophysical imaging of the subsurface is 
consistent with the radial displacement of ejected Kaibab to larger distances than is inferred from 
geological observations at the crater. 
 
  
Silica Pits, Extension of Overturned Ejecta, and Fallback Breccia 
 
 Note:  It is essential that one enter the silica pits along an existing path.  PLEASE do not walk 
along the east margin of the silica pit, as you could easily destroy critical evidence of ejecta 
emplacement.  See the illustration with the trail guide routes; the silica pit should be entered from the 
south side. 
 
 Coconino ejecta is absent from most of the north, east, and west sides of the crater, but forms a 
continuous deposit on the south side of the crater.  The details of its emplacement and internal structure 
received very little attention until recently.  At two stops located in the vicinity of the silica pits, we can 
see how shock affected the unit, see that normal faulting was a factor in its extended distribution around 
the crater, and see that faulting had the secondary effect of preserving a small amount of fallback breccia. 
 
 From the top of the 1,376 ft borehole, we will follow the remnant of an old road to the west.  
Along the way, we will pass through typical Coconino ejecta (Fig. 18.2).  Our first stop is a small pit on 
the north side of the road (Fig. 18.3).  There is no need to step off the road into the pit.  The key features 
are evident from the road.  The pit exposes the interior of the overturned Coconino ejecta blanket.  As 
can be seen, it is very bright white; i.e., has a high albedo.  Within the bright white unit are blocks of 
gray, normal-looking Coconino.  Thus, as is so often the case with shocked rocks, we see the 
juxtaposition of rock affected differently by shock.  The higher albedo portion of the unit has been 
crushed by shock.  That is, quartz grains in the unit are fragmented.  The additional reflective surfaces 
produced by the fragmentation are probably the reason for the higher albedo.  Although the quartz has 
been shattered and the character of the rock obviously affected, you might note that the laminae of cross-
bedding survives.  As with all stops, this is a no-sampling location.  Please do not disturb the exposed 
rock and features just described. 
 
 To reach our second stop in the main silica quarry, it is important to follow a specific path, 
shown on the photograph at the beginning of the trail guide section of this book, to avoid destroying the 
walls of the silica pit and key geological features in those walls.   
 
 Once on the floor of the silica quarry, we will focus our attention on the east wall.  Here, the 
students in one of our Field Training and Research Programs carefully mapped the geology (Kring et al., 
2012), supplementing the thesis work of Gray (1977).  The quarries expose ~5½ to 7½ m of monomict 
Coconino breccia, which is composed of rotated clasts of sandstone that is variably affected by shock; 
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some clasts are gray-colored and appear to be unaffected by the impact, except for minor fracturing, 
while the bulk of the material is less coherent, bright white, and microscopically deformed.  The floor of 
the quarry does not reach the base of the Coconino ejecta.  Three boreholes drilled ~20 m east-southeast 
of the quarry (Fig. 2.5) indicate the total thickness of the monomict Coconino breccia is 9 to 13 m at this 
distance from the crater rim. 
 
 As can be seen along the top of the quarry wall, the monomict Coconino ejecta is sometimes 
covered with a polymict breccia containing a chaotic assemblage (in order of abundance) of Kaibab, 
Moenkopi, and Coconino debris (Fig. 18.4-18.6).   In four locations in the quarries, this polymict breccia 
forms the down-dropped hanging walls of normal faults.  Strikes of the fault planes range from 80 to 
105° (generally E-W) and dips are to the south.  Three faults have standard normal fault dips (52 to 59°), 
while one is shallower (34°).  The vertical displacement along two of the faults is at least 140 to 180 cm.  
The polymict breccia can be traced beyond the quarry wall in two elongate exposures that lie between 
outcrops of Coconino ejecta.  These exposures imply the faults seen in the quarry walls extend east ~150 
m parallel to the crater rim (Fig. 18.7).  While Shoemaker mapped the material as alluvium, we suggest 
that it is fallback breccia.  The faulting of the Coconino was likely a process that occurred during 
emplacement of the ejecta blanket, as it was an extensional process.  Fallback breccia immediately 
covered the fault.  Subsequent erosion of the surface of the ejecta blanket over much longer periods of 
time removed most of the fallback breccia, except for that portion protected in the lee of the fault scarp.    
 
 The preservation of fallback breccia beyond the crater rim is a relatively new concept and will 
require some adjustments to Shoemaker’s map.  In addition to these quarry deposits, several other 
polymict breccia deposits south of the crater rim are on topographic highs and likely have a similar origin 
as primary fallback breccia deposits (Kring et al., 2012).  
 

Elsewhere along the quarry wall the monomict Coconino ejecta is covered with a ~½ m-thick 
unit that has the characteristics of alluvium.  The base of the unit has a series of rounded Kaibab cobbles 
that are covered by an assortment of small clasts of all three target lithologies.  The clasts are aligned and 
imbricated.  This unit cross-cuts one of the faults that juxtaposes the polymict breccia with the monomict 
breccia, indicating the deposition of the polymict breccia and the faulting preceded the deposition of this 
unit. 

 
 Please return to the rim trail via the same route used to enter the quarry. 
 
 
Buildings 
 
 The western margin of the quarry was once covered with buildings needed to support the mining 
camp.  Most structures have been removed, but two remain (Fig. 18.8).  These wood-frame structures 
provided a home for those living and working at the crater.  We ask that you respect the buildings and do 
not enter them.   They are an important historical element of the crater.   
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Coconino Hinge 
  
 PLEASE do not climb up the slope with the hinge described at this stop.  The ejected and 
overturned sequence is composed of disarticulated strata that are still geologically young and, thus, not 
lithified or otherwise consolidated.  Even approaching the hinge can cause rock movement that would 
destroy the outcrop. 
 
 Here we have the first (and only) hinge in the Coconino and Toroweap sandstones (Kring et al., 
2011b), which were the basal target units overturned and ejected onto the crater rim by the impact.   
 

The structural relationships are exposed along a short road.  At the east end of the outcrop, one 
finds the Wupatki and Moqui members of the Moenkopi Formation (e.g., at the left edge of Fig. 18.9).   
As one begins to walk along the road towards the west (or right as seen in Fig. 18.9), those units are 
overlain by an overturned sequence, with the fold axis hidden within the shale-bearing Moqui.  The 
overturned Moenkopi is followed by a breccia of Kaibab and Moenkopi.  That sequence is then cut by a 
fault that juxtaposes those units with a hinge of Coconino and Toroweap sandstone (Fig. 18.10).  The 
sandstone is thinly bedded like that found at the top of the sandstone section where it appears lower in 
the crater walls.  Within the fold hinge is an abbreviated sequence of Kaibab sandy dolomite that is 
repeated five times in exposures along the road where it cuts through the crater rim towards the 
southwest (Fig. 18.9). 

 
Hinges in overturned Coconino and Toroweap are not normally preserved, because they either 

collapsed to form the breccia lens on the crater floor or they were eroded from the upper crater wall soon 
thereafter.  Indeed, the loss of that material was necessary to expose the hinges seen in Kaibab and 
Moenkopi (e.g., as illustrated in Fig. 7.4) elsewhere around the crater (e.g., Fig. 17.17 and 17.20).    The 
Coconino and Toroweap hinge seen here must have been closer to the crater center during the excavation 
phase of the impact event and then faulted radially outward during the emplacement of the ejecta blanket.  
That motion requires up to 100 m of outward displacement during the emplacement of the ejecta blanket 
(Fig. 18.11).  The displacement occurred along a fault that parallels the road, except towards the east 
where it cuts up across the upper crater wall (Fig. 18.9).  That displacement is illustrated in Fig. 18.11.  
Towards the west, the fault approaches and is probably buried in a tear fault that shapes the southwest 
corner of the crater.   
 
 The faults that repeatedly cut through the Kaibab effectively thinned the unit in a radial direction 
from the crater center.  The result is qualitatively similar to the displacement of Kaibab on the south side 
of the crater near the 1,376 ft-deep borehole.  Thinning of the Kaibab (and other overturned units) is 
needed to form the continuous ejecta blanket, because it now covers an order of magnitude more surface 
area than it did before the impact.  This is the first location, however, where a mechanism for that 
structural thinning is visible in outcrop.  Evidence of extension was once also evident in a series of 
conjugate fractures in overturned Coconino along the rim trail nearby (Fig. 18.12).  Sadly, somebody 
recently destroyed that outcrop, so it is no longer available for study.  
 
 This stop is the third location on this particular portion of the crater where extension of the ejecta 
has been observed.  Here we see five normal faults in the Kaibab.  At the top of the 1,376 ft churn hole, 
we saw dramatic shearing of the Kaibab to greater radii.  A smaller example of extension was also 
discernable in the Coconino seen in the walls of the quarry.  That type of extension clearly helped the 
ejected material cover a larger area around the crater.  I suggest, too, that the extension is the source of 
hummocky topography in the ejecta blanket, producing blocks of Kaibab-rich material at variable 
distances around the crater.  Thus, while hummocky topography around craters is sometimes described as 
a product of undefined instabilities in the ejecta curtain, the extension seen in these outcrops suggest it is 
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caused by simple structural extension of the overturned units, separating blocks of material along normal 
faults. 
 
 
Potential Fold in Ejected Coconino 
 
 If we walk back towards the buildings, we will find a small trail that goes to the top of the hill 
with Coconino ejecta.  On top of the hill, we will find an apparent fold in the alignment of Coconino 
sandstone (Fig. 18.13 and 18.14).  There appear to be two limbs around a hinge.  This feature may have 
caught Shoemaker’s attention too, because there is a small, albeit unclear, mark on his geologic map at 
this location.   Potentially the structure was produced when Coconino was overturned, ejected, and 
spreading over the landscape around the crater.  Because the ejecta covers nearly an order of magnitude 
more area around the crater than it occupied within the crater, it was spreading radially and 
circumferentially.  The structure here may capture both those movements, as illustrated schematically in 
Fig. 18.14.  On the other hand, we need to be mindful that the Coconino has enormous cross-bedding.  
Thus, the apparent structure may be cross-bedding.  This is a good location for discussion. 
  
 
METCRAX Experiments 
 
 We return to the road along the trail.  Before moving on, it is worth noting that this is the site 
where air flows over the crater rim into the crater late in the day and through the night.  I refer readers to 
Chapter 16 for additional details. 
 
 
Highest Point on Crater Rim 
 
 We immediately begin an ascent on the rim trail, which will take us to the highest point along the 
crater rim (Fig. 4.2).  As we move up the trail, good views of steeply dipping Kaibab can be seen in the 
crater wall (Fig. 18.15).  These units were uplifted adjacent to one of the tear faults that give the crater its 
square shape in plan view. 
 
 From the summit, one has good views of Canyon Diablo and Anderson Mesa ~3 and ~20 km to 
the west, respectively.  Canyon Diablo is cut into the Kaibab Formation.   It was the source of water 
when Daniel Moreau Barringer was conducting mining operations in search of asteroid fragments.  A 
trace of a pipeline from the canyon to the crater can still be seen.  Anderson Mesa is a Quaternary basalt 
complex.  Potentially the mesa would have been a dramatic site from which to see the impact event.   On 
the other hand, if the energy of impact was sufficiently high and/or the trajectory had a southwestern 
component, it may not have been a safe site to view the impact. 
 
  
Fallback Breccia (or not) 
 
 As we approach Whale Rock, fragments of red Moenkopi shale and siltstone will appear on the 
ground adjacent to the trail (Fig. 18.16).  The nearest outcrop of Moenkopi is inside the crater, in the 
crater wall, below the rim trail.   Because the Moenkopi in that outcrop could not erode uphill and over 
the rim, the trailside Moenkopi must have some other origin.  Like the polymict breccia along the top of 
the silica quarry wall, this material is likely fallback breccia or alluvium from a fallback breccia deposit 
that has seen only a few meters of transport.   Because the material is virtually at the rim and would only 
move downhill if eroded, it clearly has not moved far if at all.   
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 From this location, we also have a good view of two large boulders that were used to assess the 
age of the crater (Fig. 18.16).  Those boulders were chosen because they may have been exposed at the 
top of the ejecta blanket when the crater formed or the first surfaces to be exposed early in the erosion of 
the ejecta blanket.  The polymict breccia at our feet is a few meters below those two points.  That may 
mean the fallback breccia filled in gaps between Kaibab (and overlying, now eroded, Coconino) ejecta, 
producing pockets several meters thick.  Alternatively, as Coconino and Kaibab ejecta were eroded, 
remnants of fallback breccia, which was also being eroded, filled in.   Shoemaker apparently preferred 
the latter, because he mapped the material as alluvium.  If alluvium, the lateral transport was limited to a 
few meters. 
   
 
Whale Rock and the West Boulder Field 
 
 One of the two boulders for which an age of ~50 ka was derived is called Whale Rock, because 
of its similarity in shape to the head of a whale (Fig. 18.17).  It is also part of the west boulder field, 
which is roughly opposite the east boulder field.  Also, the largest boulders represent the same pre-impact 
stratum:  Whale Rock is from the same stratigraphic horizon as Monument or House Rock on the east 
side of the crater. 
 
 In Chapter 3, the joints that cross-cut the impact target were described.  They may have several 
effects on crater formation, including one that produced this boulder field (Kring, 2015).  The west and 
east boulder fields bisect the major and minor joint orientations.  Although this distribution could reflect 
the trajectory of the impacting asteroid, it is also possible that excavation flow, oblique to both sets of 
joints, created blocks with dimensions of the joint spacing and deposited them relatively close to the 
crater rim, because excavation flow was not as effective in that direction.  The scales of the blocks seen 
in the east and west boulder fields are similar in size to the spacing of joints seen in Kaibab elsewhere in 
the region.     
 
 
Barringer Point Thrust Wedge and Anticline 
 
 Barringer Point is one of the highest summits on the rim of the crater and, like Moon Mountain, 
is high, in part, because a wedge of rock was thrust into the crater wall beneath it.  That thrust wedge is 
not visible from the summit.  Rather, it is best seen from an opposing point on the crater rim.  I refer 
readers to Fig. 6.3, 6.4, and 17.16.  The depth of the thrust wedge is, however, evident from the summit.  
If one looks at the sloping surface of the ejecta blanket radially outward from the summit, there is a sharp 
change in that slope.  That is the topographical expression of the terminus of the thrust wedge.  We ran a 
short seismic line across that area which confirmed the thrust wedge thins at that location.   
 
 Barringer Point provides an excellent view of another structure on the opposing, southeast 
portion, of the crater wall (Fig. 18.18).  During excavation flow, there was differential uplift of crater 
wall rock.  That differential displacement produced stratigraphic offsets up to 45 m.  There are two large 
faults in the southeast corner, both with right lateral offsets.  That differential motion also has a radial 
component that is more difficult to see from this location, but can be inferred by the differential 
outcroppings of Moenkopi, and is shown schematically in an inset of Fig. 18.18.  Another view of that 
portion of the crater wall is shown in Fig. 19.13.  See Denton and Kring (2016) for more details.   
 

From this point along the trail we return to the museum. 
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Fig. 18.1.  Upper portion of the section measured by Kring et al. (2011a) on the south rim of the crater adjacent to 
the 1,376 ft-deep churn hole.  The outcrop, from bottom left to upper left, is composed of 1.94 m of Moqui, 0.70 
m of Moenkopi breccia, 1.40 m of mixed Kaibab and Moenkopi breccia, and up to 4.80 m of Coconino sandstone.  
Approximately 80 m of Kaibab dolomite are missing from the overturned section in the crater rim. 
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Fig. 18.2.  The surface of the ejecta blanket on the south side of the crater is dominated by Coconino sandstone 
debris, as seen here along the road.  See Fig. 8.5 for another perspective.  Some sections of this unit have been 
disturbed by mining operations and by USGS scientific drilling and excavation.   
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Fig. 18.3.  Examples of the disparate appearance of overturned and ejected Coconino in a small pit (top panel) 
next to a road on the south side of the crater.  This monomict breccia is composed of normal-looking gray blocks 
of Coconino that are adjacent to units that are bright white in color due to a modest amount of shock damage.  A 
close-up view of one of the bright white blocks is shown in unshadowed (bottom left) and partially shadowed 
(bottom right) illuminations. 
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Fig. 18.4.  The east wall of the Silica Quarry exposes contacts between the overturned Coconino ejecta and 
overlying debris units.  The Coconino ejecta is a monomict Coconino breccia (MCB) in the upper panel.  It is 
truncated by a normal fault that dips south, away from the point of impact.  A Moenkopi-bearing polymict breccia 
(M-BPB) lies above the fault.  A similar pattern is seen farther south in the quarry (bottom panel).  In places, the 
M-BPB is covered with Moenkopi-bearing alluvium (M-BA), bottom panel) and Coconino-bearing alluvium (not 
shown).  Shoemaker mapped the M-BPB as alluvium too, but as argued by Kring et al. (2012b), that material is 
likely fallback breccia.  
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Fig. 18.5.  A close-up view of a normal fault that cuts through the monomict Coconino breccia (MCB).  This site 
is located to the far left of the top panel in Fig. 18.4.  The side-by-side photographs show two sides of the same 
fault. Motion along the fault caused a drag fold in a semi-coherent layer of Coconino in the breccia (left panel).  
The throw on the fault is at least 180 cm.   Moenkopi-bearing polymict breccia (M-BPB) lies above the fault. 
Shoemaker mapped the M-BPB as alluvium, but it may be fallback breccia (Kring et al., 2012b).  
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Fig. 18.6.  A normal fault juxtaposes Moenkopi-bearing polymict breccia on the hanging wall with Coconino 
monomict breccia on the footwall.   That fault displacement, interpreted to occur during deposition of the ejecta 
blanket, carried fallback breccia to a depth where it survived subsequent erosion.    Photograph by Sarah Crites 
and pictured is Christine Jilly holding a Jacob’s staff for scale during the 2011 Field Training and Research 
Program at Meteor Crater. 
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Fig. 18.7.  The faults visible in the east wall of the quarry can be traced to the east, as shown here in red and added 
to a detail from Shoemaker’s geology map (Fig. 4.4).  Those faults seem to be responsible for two linear deposits 
of material that Shoemaker mapped as alluvium, but that may instead by fallback breccia.  Those faults dip to the 
south, away from the crater center, and, thus, reflect extension of the overturned ejecta blanket when it was 
emplaced.  It is the same sense of extension seen closer to the crater rim at two other stops described in the 
guidebook.  The trail to be used for this field stop enters the quarry from the south, as shown with a dashed line. 
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Fig. 18.8.  Relics of the living quarters and packing house used by miners and subsequent curators of the crater.  
The trail described in this guidebook runs between the two buildings in the upper photograph.  A close-up view of 
the building in the background is shown in the lower photograph.  Many buildings were erected around the crater, 
most of them on the south side in the vicinity of these two structures.  Several structures were constructed with 
vertical wood planks on a wood frame, as seen here, while at least two other buildings utilized Moenkopi as a 
building stone.   
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Fig. 18.10.  (left panel) View of hinge in Coconino-Toroweap (upper left) and transition to sandy dolomite within 
the fold (lower right).  (right panel) Planes, poles, and 2-sigma Kamb contours around poles measured for the 
orientations of Coconino, Toroweap, and Kaibab in the fold hinge and upper limb shown in the left panel.  A 
portion of the units are dipping towards the crater E, NE, and N at an inclination of ~30 to 50º, but most units are 
dipping away or nearly flat, reflecting the transition from the hinge to that of the structurally overturned limb.  
These data were collected by students in the 2010 Field Training and Research Program at Meteor Crater and 
plotted by Josh Garber.  

Fig. 18.9.  A hinge (red curves) in the Coconino-Toroweap (PCT) is exposed in contact with the Kaibab (PK) in 
the southwest portion of the crater.  The hinge was faulted outward from the crater center by up to 100 meters 
(with relative motion indicated by large black arrows), although that motion may have also had a lateral (west-
directed) component that carried it towards a tear fault (not lableled) that cut through the crater rim in the lower 
right corner of the field of view.  The overturned PK, below the overturned PCT, was thinned in a series of 
outward-dipping normal faults (with relative motion indicated by small black arrows), one of which cut through te 
hinge, producing a duplication of the hinged PCT-PK contact.  Apparent displacements along the faults (from left 
to right) are ≤100 m, 3 m, 6 m, 30 m, 2 m, and ~20 m.  The viewer is looking towards the southeast.  See Kring et 
al. (2011b) for other details. 
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Fig. 18.11.  Because the curving outcrop that reveals the faults in Fig. 18.8 make the geometry difficult to assess 
in the picture, a cross-sectional view is schematically shown here.  The inset shows a partial cross-section of 
Meteor Crater, illustrating the orientation of ejected units during the growth of the transient crater.  Overturning is 
beginning to occur and the ejected material will soon fall down and towards the right onto the red landscape 
surface.  The units are, from bottom to top, Coconino (golden brown), Toroweap (brown), Kaibab (mottled beige), 
and Moenkopi (red).  During the emplacement of ejecta, the overturned unit is faulted outward (main figure).  This 
is shown with a semi-transparent black plane, with two opposing arrows illustrated the relative motion along that 
fault.  As shown in outcrop (Fig. 18.9), the ejected and overturned units are also extended along a series of normal 
faults that dip away from the crater center, which is shown schematically here with three normal faults.  The 
current position of the crater wall is shown with a dashed line.  The thickness of the Kaibab (mottled beige) in the 
crater wall is ~80 m. 
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Fig. 18.12.  Conjugate fractures (highlighted with black lines) in ejected Coconino sandstone illustrating 
maximum extension parallel to bedding.  The crater is to the left of the picture.  A 6-cm-long red knife provides 
scale. 
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Fig. 18.13.  Coconino-Toroweap 
sandstone on the south crater rim.  As we 
will discuss in the field, the aligned 
blocks may represent the limb of a fold 
or, alternatively, a cross-bedded unit 
within the sandstone.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

Fig. 18.14.  (left panel) There is an apparent fold in the Coconino sandstone that was ejected and emplaced on the 
south crater rim.  The photograph is annotated with apparent strikes and dips.  The structure is also cross-cut by a 
small offsetting fault.  It is left to students to determine if this is truly a fold in the ejected Coconino or whether the 
change in apparent strike is an artifact of massive cross-bedding in the Coconino sandstone.  (right panel) If the 
fold is real, then it might reflect the flow of ejecta as it expands radially and circumferentially.  The large arrows 
represent radial extension while the small arrows represent circumferential extension.  That combination of 
movements could produce an apparent fold in disarticulated blocks of Coconino sandstone around point “x” in the 
diagram. 
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Fig. 18.15.  Below the rim trail, in the southwest corner of the crater and adjacent to a tear fault, the Kaibab is 
dipping steeply into the crater wall.  The dip varies from near-vertical near bottom of the field of view to lower, 
albeit still steep dips higher up the slope, and is being overturned on the rim.  These variable dips may be 
accommodated with one or more fault planes within the wall of the crater.  



 
David A. Kring (2017)       LPI Contribution No.2040 220 

 
 
 

 

 
Fig. 18.16.  As one approaches Whale Rock, fragments of red Moenkopi begin to appear in the ejecta (top and 
bottom panels).   This material, while mapped as alluvium by Shoemaker, is virtually in place, because it is near 
the crater rim (right margin of the bottom panel) and any erosional transport would have carried it downhill (to the 
left in the bottom panel).   This is also a location with cosmogenic nuclide ages (Nishiizumi et al., 1981).  Two 
ages on boulder summits are among the oldest at the crater and it is often assumed the points analyzed represent 
exposed ejecta soon after impact.   
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Fig. 18.17.  Whale Rock is so named because of its shape (upper left panel).  The Kaibab boulder is part of the 
west boulder field (middle panel).  Whale rock is the largest boulder seen in that field (right center of the middle 
panel).  This boulder is from the same stratigraphic horizon as Monument or House Rock on the east side of the 
crater.  The face of one bed is covered with a characteristic trace fossil (bottom panel).  
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Fig. 18.18.  Looking towards the southeast corner of the crater, differential vertical and radial displacement can be 
seen along faults in the crater wall (Denton and Kring, 2016).  Geologic contacts and relative fault movement are 
shown on an image as seen from Barringer Point.  The inset shows, schematically, the differential movement of 
blocks A, B, and C.  The relative motion along both faults separating the blocks is the same:  right lateral.  The 
differential motion between the two faults rotated and tilted Kaibab strata, lifting the eastern edge of Block B ~5 
m higher than the western edge, and shattering the strata throughout the block.  The faults do not appear to extend 
into the ejecta (see image), indicating the motion along those faults stopped before ejecta was emplaced.  To avoid 
obscuring the fault displacement in the schematic diagram, that feature is not shown.  The Coconino ejecta in the 
schematic inset should, however, be continuous across the three blocks. 
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