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Summary: We present a compliation of the litera-
ture on known terrestrial impact structures and focus
on complex impact structures within sedimentary rock
targets. Bedding-parallel or low-angle faults are ob-
served in the field, but not geophysically, within im-
pact structures may affect the shape of the crater pro-
file, therefore the identification of stratigraphically
confined faults in terrestrial impact structures is a po-
tentially important observation.

Introduction: Impact cratering is among the most
fundamental geologic processes in the solar system and
is characterized by very high strain rates that generate
extreme shock pressure and temperature conditions
[1,2]. There are currently 174 confirmed terrestrial
impact craters, and of those, 69 are in sedimentary
targets, 55 are in mixed sedimentary and crystalline
targets, 49 are in crystalline targets, and one is of unde-
termined target type [3] (Figure 1). The majority of
terrestrial impact research has been focused on crater
morphology [4], geochemical characteristics such as
the presence of high temperature and high pressure
minerals and planar deformation features (PDFs) in
quartz and feldspars [2,5,6], and shatter cones [2,6].
While studies have been conducted regarding faulting
and deformation associated with impact structures
[7,8], the amount of information available on this is
limited in comparison to studies previously discussed.

Several computer and numerical models have been
developed in order to further evaluate and understand
complex cratering mechanics; however these models
have been limited to targets of homogeneous composi-
tions and do not account for differences in lithologies
which are typical of sedimentary targets [9]. At the
Upheaval Dome impact structure located in southeast-
ern Utah on the Colorado Plateau, normal and thrust
faulting associated with the formation of this complex
crater is stratigraphically bounded within weaker shale
units between stronger sandstone units such as the
Wingate and Navajo sandstones [9,10]. The field rela-
tions suggest that computer simulations of its devel-
opment and eventual shape would be improved with
the inclusion of targets rocks having comparable con-
trasts in rheology.

Results and Implications: In this abstract we syn-
thesize results of impact structures from the literature
in sedimentary, crystalline, and mixed rock targets and
subdivide them by crater morphologies: simple, com-
plex, and unclassified. As shown in Figure 2a, there

are 69 impact in sedimentary targets, 55 in mixed tar-
gets, 49 in crystalline targets, and one of undetermined
target type; therefore 40% of impact structures are lo-
cated within sedimentary rock targets (Figure 2b) [3].
Furthermore, 37 impacts display a simple crater mor-
phology, 116 impacts are complex, and 21 are not clas-
sified (Figure 3a); therefore 67% known impacts dis-
play complex crater morphology (Figure 3b).First re-
sults show that of the 67 impact structures in sedimen-
tary targets, 46 display complex morphologies and
therefore provide suitable locations for investigating
faults similar to those identified at Upheaval Dome.

Figure 1. Locations of known terrestrial impact structuress
[3]. Pink squares represent structures in sedimentary targets,
blue circles represent structures in crystalline targets, and
green trianges represent structures in mixed rock targets.

We find that in the ring synclines of complex im-
pact structures within sedimentary targets, fault pat-
terns reflect two general fault types: high-angle faults
(concentric and radial faults) that cut across target
stratigraphy, and low-angle faults (detachment faults)
that are confined to layers apparently in response to
some contrast in stratigraphic properties. Faults ex-
posed at impact structures including Gosses Bluff,
Australia [11], Araguainha, Brazil [12], Haughton,
Canada [1], Kentland, Indiana [13], and Upheaval
Dome, Utah, USA [9,10] have been evaluated primar-
ily by field investigations and results have occasionally
been compared to geophysical data collected within
and/or adjacent to the structures. Numerous additional
impact sites have been evaluated with geophysical
methods and with borehole technologies (i.e. Flynn
Creek, Tennessee, USA [14]; Cloud Creek, Wyoming,
USA [15]; Montagnais, Canada [16]), however, at each
of these structures only high-angle faulting has been
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reported. Therefore, we infer that stratigraphically con-
fined faults are not easily identified by seismic or
borehole technologies, but instead require detailed
field examination.

At impact sites in which faults are reported as
stratigraphically confined, the faults are located within
weaker units, such as shales and silts, sandwiched be-
tween stronger, more competent units such as sand-
stones and limestones (i.e. Upheaval Dome and Ken-
tland, USA). In each of the structures in which low-
angle faulting has been identified, it is thought by vari-
ous authors that the stratigraphically controlled faults
were initially developed early, during the excavation
stage of the cratering process. However, it is interest-
ing that while these faults were reactivated and be-
haved as thrust faults during crater collapse in the Up-
heaval Dome structure [10], they are not believed to
have played a significant part in the modification stage
in the similar Haughton structure [1]. Instead, high-
angle faults were reportedly developed to accommo-
date the Haughton crater collapse [1]. It has been sug-
gested that low-angle faults experience interference
during the late stages of their formation from normal
and reverse fault motion along high-angle faults during
modification stages [17, 18]. Why this sequence hap-
pens at some impact structures (i.e. Haughton, Canada)
and not at others (i.e. Upheaval Dome, USA) is cur-
rently under study.
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Figure 2. a) Histogram synthesizing the number of known
impacts in relation to their target rock types; b) Histogram
synthesizing the percentage of known impacts in relation to
their target rock types.

140

1201 11
z
S 1004
£
= 80 -
e
S
5 60+
E
2 40 37

21
N L
0O - T T
Simple Complex Unclassified
3 Crater Morphology
a

80

70

67
60 1
50
40 1
30+
21
20 A
1z
o T T

Simple

Percentage of Impacts (%)

Complex Unclassified

3b Crater Morphology

Figure 3. a) Histogram synthesizing the number of known
impacts in relation to their crater morphologies; b) Histo-
gram synthesizing the percentage of known impacts in rela-
tion to their crater morphologies.
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