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Introduction:  Meteor Crater (also known as 

Barringer Crater) is one of the most pristine craters of 
its size in the world, and it gives us an important 
opportunity to characterize fracture-induced porosity in 
simple craters throughout the Solar System. In a 
previous abstract we showed results from a novel 
gravity survey across Meteor Crater [1]. In our ongoing 
work we have refined our interpretation of  the residual 
gravity anomaly map at Meteor Crater in terms of 
density variations throughout the crater. Since residual 
gravity anomalies are caused by unmodeled density 
anomalies, this data set provides a tools with which to 
characterize density variations within Meteor Crater. 

Methodology:  From our gravity survey inside 
Meteor Crater [1] and data reported by Regan and Hinze 
[2], we generate a newly compiled a residual gravity 
anomaly map (Figure 1). The previous approach [1] 
smoothed the data to be concentric around the center of 
the crater, but much of the characteristics around the 
crater rim’s gravity signal were ‘smeared’ and could be 
improved. Endeavoring to improve the residual gravity 
anomaly map for Meteor Crater when combining the 
datasets without needing to smooth the data, we made 
the following improvements. We extended the initial 
DEM [3] grid to 5121x5121 meters using 
OpenTopography’s mean elevation local gridded 
dataset and increased the resolution of the dataset to 0.5 
× 0.5 meters, after which we run the same terrain 
correction calculation again with modifications to 
account for the higher resolution. Secondly, we 
generated a  new regional gravity correction using the 
outermost stations from [2]. We generated a plane fit to 
these stations, and then applied the newly created 
regional correction to the Regan & Hinze data points as 
well as our own. Third, we datum each of the datasets 
relative gravity measurements to each other using 
stations on the Western quadrant of the crater. The 
station chosen to create this datum is nearly overlapping 
between the two surveys, and is sufficient for joining the 
two datasets. Fourth, we apply one more regional 
correction to remove a North-South trend in the 
Residual Bouguer Anomaly associated with differing 
geoid models. We also remove the Regan & Hinze 
stations inside the crater as these measurements are 
modestly inconsistent with our own, plausibly due to 
systematic error in the Regan & Hinze floor elevation 
measurements. With these corrections applied, the two 
dataset’s Residual Gravity Anomalies can be seen in 
Figures 1 and 2. 

 
Figure 1. Residual Gravity Anomaly of Meteor Crater, AZ. 
Data from authors and modified digitized Regan and Hinze 
[2] dataset. Stations used to generate the Regional 
Correction are circled. Crater rim outlined in black. 
Reference density of 2300 kg/m3. 
 

Results:  The residual gravity anomaly from the 
merged data set is shown in Figure 1 for a reference 
density of 2300 kg/m3, and the average anomaly as a 
function of distance from the center of the crater is 
plotted in Figure 2. The residual gravity anomaly is 
negative in the vicinity of the ejecta blanket and the 
crater rim, indicating a deficit of mass relative to the 
reference density.  
 

Figure 2. Average Residual Gravity Anomaly of Meteor 
Crater from the center of survey. 
 

The interior of the crater displays a bulls-eye pattern, 
with a relatively low gravity anomaly at the center 
surrounded by an anulus of higher density. The 
interpretation of this anomaly is complicated by the fact 
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that measurements on the floor of the crater are affected 
by the terrain effect of the nearby crater walls. 
Nevertheless, the clear patterns present in the residual 
gravity anomaly demonstrate that a single density is 
insufficient to explain the observed gravity data. 

We take a multi-pronged approach to determining 
variations of density at the crater. First, previous work 
looked at the vertical gravity gradients near the crater 
rim and determined that the bulk density of the intact 
crater rim was significantly higher than that of the 
loosely consolidated ejecta blanket [4]. The best-fit 
density for the slope and rim stations of 2230±600 
kg/m3 and 2897±800 kg/m3 respectively, whereas 
collected samples ranged from 1980–2490 kg/m3 g/cc 
for sediments along Meteor Crater’s slopes and 2190–
2680 kg/m3 for samples collected along the crater rim 
[5]. The errors on the densities derived from gravity 
gradients are large, but they seem to weakly indicate that 
the uplifted rim of the crater has much less porosity than 
the continuous ejecta blanket.  

Next, we paid special attention to the gravity 
differences between stations that were within several 
meters of each other but with a meter or more of 
elevation change. We encountered such station pairs at 
the peak and trough of erosional gullies in several areas 
of the crater wall (Figure 3). We then infer the densities 
of the local colluvium materials from a comparison of 
our measurements to the terrain-corrected predictions 
(Table 1). With one exception, these measurements 
indicate porosity in excess of 20%, which is consistent 
with the loosely consolidated nature of the colluvium.  

 

 
Figure 3. Meteor Crater stations where gravity is measured 
at the crest and trough of gullies. 
 
 
 

 

Station Pairs Gully Density, ρ 
(kg/m3) 

N 1889 
M 1754 
K 1930 

SE Split 2567 
Table 1. Densities of gullies inside of Meteor Crater 
determined using gravity and Nettleton’s method 

 
Conclusions: From the Residual Gravity Anomaly 

map (Figure 1), we can see a clear concentric pattern of 
negative and positive anomalies. Our analysis of gravity 
gradients near the crater rim and station pairs on the 
crater wall allowed us to successfully determine the 
density of specific features across terrain. These values 
are realistic given the composition of the crater walls 
[6], and further refines the characteristic density of these 
features utilizing our novel approaches.  

Future Work: This work is part of a broader 
geophysical analysis of bulk density throughout Meteor 
Crater utilizing ground-based gravity data. While we are 
able to interpret the density of near-surface features 
using techniques like the ones described above, the 
deeper structure of Meteor Crater can reveal the amount 
and distribution of porosity formed by dilatant bulking 
during the impact event. By combining these shallow 
density with the Residual Bouguer Anomaly (Figure 1), 
we can infer bulk density in the deeper subsurface. We 
are currently developing a Bayesian inverse model of 
the density structure of Meteor Crater to complete our 
findings. 
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