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Summary: We present results of a study in which 

the mechanics of faulting at high strain rates in porous 
sedimentary rocks were evaluated at the Upheaval 
Dome impact crater in southeast Utah. We find that at 
high strain rates, deformation band damage zones are 
absent and instead a cracking-dominated behavior gen-
erating pulverized rock occurs. Using the measured 
grain sizes of the pulverized rock, strain rates under 
which this material formed are ~ 103 s-1. 

Introduction: Faulting in porous sedimentary 
rocks subjected to typical tectonic strain rates has been 
extensively studied [1-3]. These studies have shown 
that the strain is first accommodated by a localized 
reduction of porosity resulting in the formation of in-
dividual deformation bands and as the strain continues 
to accumulate, deformation band damage zones 
(DBDZs) develop [2]. The mechanical contrast be-
tween the strain-hardened deformation bands and the 
relatively undeformed porous rock ultimately leads to 
failure of the DBDZs as a result of additional strain, 
resulting in fault formation [2]. 

By contrast, theoretical work suggested that at suf-
ficiently high strain rates DBDZs do not have time to 
form prior to faulting in porous sedimentary rocks. 
Using computer models and laboratory data, Fossum 
and Brannon [4] showed that the process of porosity 
reduction (i.e., deformation bands) occurs with a char-
acteristic timescale that is longer than that allowed 
under hypervelocity impact loading rates, and instead a 
cracking-dominated behavior occurs. Noticeably ab-
sent from this study was the consideration that this 
prediction could be tested in the field. 

We chose to field-test the hypothesis that DBDZs 
do not form in porous sedimentary rocks subjected to 
high strain rates at the Upheaval Dome impact struc-
ture (Figure 1). An impact structure is an ideal location 
to evaluate fault formation at high strain rates in sedi-
mentary rocks as these structures are known to form as 
a result of strain rates in excess of 101 s-1 [5-7]. After 
an extensive literature review of all confirmed impact 
structures in sedimentary rock targets [8], we found 
that faulting was best documented at Upheaval Dome 
[9,10] and the Haughton impact structure on Devon 
Island, Canada [6]. We chose to conduct our study at 
Upheaval Dome because the rock units affected by the 
impact event are the same rocks that have been exten-
sively studied at typical tectonic strain rates throughout 
the Colorado Plateau (i.e., Navajo Sandstone), and thus 

provides a unique opportunity to compare the mechan-
ics of faulting at high and low strain rates. 

Results and Implications: It was decided that 
faults would be evaluated within the Navajo Sandstone 
and the rim syncline of the crater because mechanical 
observations relating to fault formation are best ob-
served where offsets on the faults are minimal. Two of 
these faults were identified for field investigation 
within the rim syncline of Upheaval Dome and are 
shown in Figure 1. By contrast, offsets within the cen-
tral uplift at Upheaval Dome [10] are too great to allow 
for the mechanical observations required for this study. 

 

 
Figure 1. An aerial photograph of the Upheaval Dome im-
pact crater, southeast Utah [11]. Faults evaluated in this 
study are shown. 
 

As predicted by Fossum and Brannon [4], DBDZs 
were not observed along these faults. Instead, we 
found pulverized rock along the fault planes (Figure 2).  
Pulverized rock is defined as rock that yields a white, 
powdery texture in the field and is observed to be shat-
tered in place to the micron scale maintaining its origi-
nal grain fabric with no evidence for rotation or shear 
in thin section [12,13]. To date, pulverized rock has 
also been documented along the Mojave section of the 
San Andreas Fault in southern California [12–15] and 
the Bosman Fault in underground gold mines in South 
Africa [15]. Pulverized rock along a fault is now rec-
ognized as distinct from gouge, which requires shear-
ing and grain flow to form, and is considered to be 
diagnostic of high-velocity slip events along the fault 
[12–15] rather than the shearing associated with true 
gouge formation. Field studies by several research 
groups world-wide are demonstrating that material 
along major faults is pulverized rock, instead of gouge 
as had previously been mapped or inferred [e.g., 12], 

1073.pdf40th Lunar and Planetary Science Conference (2009)



with important revised implications for the mechanical 
behavior of the faults. 

The sizes of individual fragments of pulverized 
grains can be related to the strain rate under which 
pulverization occurred. We find that pulverized mate-
rial collected at Upheaval Dome has an average grain 
size of 39 microns, and by utilizing the relationship 
derived by Grady and Kipp [16] with parameters ap-
propriate to Navajo Sandstone, is therefore associated 
with strain rates of ~ 103 s-1. Strain rates of these mag-
nitudes are well above the values typically associated 
with tectonic rates (10-11 s-1 and below) and laboratory 
testing rates (between 10-7 s-1 and 10-5 s-1) and are com-
parable to, or even greater than, values inferred along 
major crustal faults such as the San Andreas, demon-
strating the importance of high strain-rate processes 
associated with faulting of porous sandstones and fur-
ther supporting an impact origin for Upheaval Dome.  

We propose that the presence of pulverized rock 
may provide an additional criterion for identifying and 
evaluating potential terrestrial impact craters. Addi-
tionally, understanding strain rate conditions at an im-
pact site provides a new source of information regard-
ing the mechanical responses of typical sedimentary 
rock types affected by deformation at impact strain 
rates. 

 

   
Figure 2. Example of pulverized rock observed along the 
fault planes at Upheaval Dome. Note the lack of rotation or 
shear within the fractured quartz grains. Image of thin section 
recorded at 10x magnification, plane-polarized light. 
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