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THE EROSIONAL STATE AND STYLE OF METEOR CRATER, ARIZONA; J.A. 
Grant and P.H. Schultz, Brown University, Providence, RI 029 12. 

INTRODUCTION: Preliminary results from study of the gradational history of the 20,000 to 
30,000 year old (1,2) Meteor Crater in northern Arizona indicate that minimal erosion has affected 
both the present near-rim and more distal ejecta. Most of the observed erosion of the ejecta occurred 
during the early history of the crater. The various styles and estimated rates of gradation in the ejecta 
indicate that eolian and fluvial run-off processes have dominated and that erosion by sub-surface 
drainage and mass wasting has been insignificant. These results provide evidence that Meteor Crater 
ejecta retains an essentially pristine form. This interpretation contrasts (but may not conflict) with 
inferences drawn from previous studies that estimate considerable erosion of the slope-sensitive near 
rim region (1-3). 

EROSIONAL STATE: Several independent observations provide information regarding the 
erosional state of the crater including: A) drainage systems/densities; B) the occurrence/morphology 
of ejecta blocks (>I0 to 20 cm) ;  C )  the occurrence of ejecta remnants; D) surface/subsurface grain 
size comparisons; E) vegetation; and F) the occurrence/morphology of small secondary craters. 

Dissection of the ejecta has occurred within -75 small drainage basins located on the flanks of the 
crater that are drained by intermittent gullies which head along the rim-crest. Divides between ad- 
jacent basins are usually defined by topographic variations in the primary ejecta. Gullies are generally 
incised to depths of less than 1 to 2 m and in many cases have produced alluvial fans at the base of 
the outer rim. The drainage density around the crater out to 0.6 R from the rim is 8.6 km/km2. 
Although the volume of material contained in the alluvial fans and that which has been transported 
beyond is not yet well constrained, both the small size of the gullies and an absence of morphology 
indicating large amounts of erosion along their courses suggest little modification of the basins. Many 
of the alluvial fans are presently inactive as demonstrated by preliminary surface vs. subsurface grain 
size data, detailed study of soils developed on their surfaces ( I ) ,  and the paucity of small-scale flow 
related features. Study of soil development (1) indicates that the inactive fans formed mainly during 
the Pleistocene. Holocene fluvial processes have been confined primarily to within the gullies and 
have resulted in incisement of the older Pleistocene fans and more distal deposition. 

The concentration of large blockslvolume exposed in gullies appears to reflect in situ erosion of 
finer material and is not distinguishable from block concentrations observed in pits dug into pristine 
ejecta and on undissected surfaces. In addition, large blocks exposed at the surface do not display 
enhanced relief relative to their surroundings. These observations place limits on the total amount of 
ejecta removed and indicates minimal erosion. Although surface/subsurface block abundance is rela- 
tively constant at a given radius from the crater rim the total block abundance appears to decrease 
with increasing radius. 

Field investigations also have revealed occurrences of ejecta in erosionally sensitive locations. A 
small lobe of ejecta superposes a pre-existing WSW-ENE oriented ridge of Moenkopi sandlsiltstone 
located -1 km (-2 R) from the crater rim. Preservation of such a subtle primary ejecta feature in an 
exposed site requires minimal erosion. Preliminary analysis of surface vs. subsurface grain size data 
from this ejecta lobe suggest that only 10 to 20 cm of erosion has occurred, thereby supporting this 
conclusion. The contrast between the uprange ejecta lobe and a downrange shadow from the 
Moenkopi ridge adds further support to a well preserved state. Similar grain size comparisons of 
near-rim materials suggests even less erosion there. Even these minor amounts of erosion have 
produced a coarse grained surface lag of relatively unweathered material in most locations. 

Vegetation presently growing on the crater shows little evidence of windward scour of ejecta from 
roots areas and few examples of leeward deposition. Some trees growing on the ejecta are >700 years 
old (4), thereby limiting erosion over this time to at most -10 cm. Exceptions to these observations 
occur in sandy areas along southeast portions of the outer rim where some grasses/bushes occur on 
-10 cm to 20 cm topographic highs. It is not known if these small rises reflect sediment trapping or 
deflation of adjacent materials. Because this area has served as a major souce of material to the 
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windstreak, local deflation is more likely responsible for their origin. Trapping of alluvial material by 
vegetation higher along the rim in the same area has produced some minor terracing. 

Several ejecta blocks ranging from 1 m to 3 m have been found in shallow, rimmed depressions 2 
m to 5 m in diameter with rim-crest depths about 0 .5  m. Blocks spalled off the Kaibab limestone 
ejecta during formation of these small craters can be easily traced to their original position and show 
little evidence for chemical dissolution. The degree of preservation is consistent with an interpretation 
that these are preserved secondary craters, formed by high-angle ejecta late in the cratering process 
(5) .  , . 

EROSIONAL STYLE: Analysis of alluvium in the drainage gullies and in the alluvial fans 
demonstrates that grain sizes smaller than about 20 mm are efficiently transported; fragments up to 15  
cm to 20 cm are infrequently carried. Surface flow rates outside of the gullies will be controlled by 
local topography/roughness and reduce the size of transportable material. Preliminary data indicate 
that fluvial transport of materials not associated with the gullies is limited to grain sizes -3.0 to 4.0 
mm.  Grain size data from the windstreak (a  veneer of well sorted sand extending northeast of the 
crater generally less than 50 cm thick thinning distally) demonstrate that eolian processes remove 
material predominantly less than 0.25 mm, but as large as 0 .5  mm. Therefore, both fluvial and 
eolian processes are capable of transporting fine-grained material (<0.5 mm to 0.25 mm) from 
around the crater. Larger fragments are carried by fluvial processes. A paucity of evidence expected 
to be produced by long-term chemical/physical weathering of the ejecta indicates that there has been 
little in situ breakdown of material and that erosion is soley responsible for removal of the ejecta. 
There is little evidence of modification on the outside of the crater by mass wasting processes. 

Three observations indicate that fluvial erosion of the ejecta has been dominated by processes 
related to surface run-off and that erosion by groundwater sapping processes is insignificant. First, 
drainage density calculations of 8.6 km/km2 indicate that the ejecta beyond the crater rim is well 
drained by surface run-off of precipitation. Second, preliminary estimates of the subsurface 
hydraulic conductivity of the ejecta indicate moderate permeability; hence, flow properties are equiv- 
alent to an aquifer comprised of fine-grained sand (6). Finally, there is an absence of characteristic 
sapping features around the crater and there appears to be few aquicludes within the ejecta capable of 
producing the necessary lateral flow of groundwater. 

Erosion of ejecta around Meteor Crater over at least the past 700 to 800 years (and probably 
under present climatic/vegetation conditions) has been minimal as demonstrated by: A)  stability of 
the ejecta around the roots of vegetation in excess of 700 years old (4); B) the vegetated nature of the 
windstreak; and C) inactive alluvial fans. As further illustration, field work was conducted during a 
period when winds were measured in excess of 40 to 50 mph, yet insignificant amounts of eolian 
transport occurred. Numerous nearly transparent dust-devils were also observed over the ejecta 
which did not loft dust and sand. The conclusion that minimal erosion has occurred during the late 
history of the crater is consistent with evidence from the crater interior (1).  

CONCLUSIONS: Both the near-rim and distal ejecta around Meteor Crater have remained 
remarkably unmodified by gradational processes. The coarse grained surface lag of unweathered 
material resulting from small amounts of erosion creates an armor that effectively protects underlying 
ejecta and is in disequilibrium with regional gradational rates and processes. Erosion appears to have 
been more active in the past than at present and has been dominated by eolian processes and fluvial 
processes related to surface run-off. Future work will provide more detailed and better constrained 
estimates of the rates and styles of erosion at specific locations around the crater. It is hoped that the 
results of this study can be applied to gradational studies of other terrestrial and possibly martian 
impact craters in an effort to understand their erosional histories. 
REFERENCES: (1) Shoemaker, E . M .  and Kieffer, S .E.  (1974), Guidebook to the geology of Meteor Crater, 
Arizona: Arizona State University Center for Meteorite Studies Pulication 17, Tempe, A Z . ,  66p. (2) Roddy, D . J . ,  et 
al. (1975), Proc. Lunar and Planet. Sci. Conf. ,  v. 6 ,  p. 2621-2644. (3 )  Roddy, D.J.  (1978), Proc. Lunar and Planet. 
Sci. Conf., V .  9,  p. 3891-3930. (4) Barringer, D . M .  (1905),  Proc. Acad. Nat.  Sci. Philadelphia, v.57,  p .  
861-886. (5) Schultz, P. H ,  and Grant, J .  A.  (1989),  LPSC XX (abstract), This volume. (6) U. S. Dept. of the Interior 
(1977), Ground Water Manuel: A Water Resources Technical Publication, U.S Government Printing Office, 
Washington, D .C . ,  480p. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


