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refraction lines, 10-Hz geophones were placed
every 10 m along each spread. Seismic
refraction line 1, a 48-geophone spread, was
shot from 10,000- 10,470 m, where 10,000
equals 0 m at the southern most end of
Cyclone Canyon graben, refraction line 2, a
48-geophone spread, was shot from 11,19011,660 m, and seismic line 3 was a 36geophone spread from 12,100 to 12,450 m.
Shot points were normally located along the
entire axis of the seismic line every 30 m for
lines 2 and 3 and 40 m for line 1.

INTRODUCTION
The Needles District grabens are an arcuate
system of north-south striking normal faults
that have developed over an area of 200 km2 in
brittle Permian sedimentary rocks that extend
above the ductile Paradox Formation
(evaporates) over the past 60-65 ka. This
Needles fault zone is 27 km along strike and
extends into the Colorado Plateau a maximum
of 14 km southeast of the river. Due to a
regional dip direction of 4° to the northwest,
gravity sliding along the laminar flow
boundary of the Paradox Formation toward the
void created by Quaternary downcutting of the
Colorado River is possible. As brittle
sediments slid toward the river, extension
occurred regularly along joints and faults,
forming the grabens.
Exploration geophysical techniques were used
for the Keck 2004 Canyonlands project in
Cyclone Canyon graben to determine the
Quaternary sediment depth to the bedrock
interface. Previous studies of the grabens
concluded sediment depths to the bedrock
interface to be less than 25 m for any one
graben. However, Grosfils et al. (2003),
through exploration geophysics, concluded
that Devils Lane graben has a maximum
sediment depth of approximately 90 m.

METHODS
Gravimetry and six seismic refraction lines
were shot in Cyclone Canyon graben,
however, only results from the three P-wave
refraction lines of southern Cyclone Canyon
graben are described here (Fig. 1). For these

Figure 1. Digital orthophoto quadrangle of
Cyclone Canyon graben with seismic refraction
lines used in this study. Seismic refraction line 1
is the southern most line (green), refraction line 2
is purple and seismic line 3 is the northern most
line (red).
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In analyzing the data from the seismic
refraction lines, the program SeisImager, v.
3.0 was used. Pickwin, v. 3.02, a component
of Seisimager, was used for the analysis of
raw data, in which first breaks were manually
selected. Plotrefa, v. 2.68 was used for the
analysis of travel-time curves, the data output
of Pickwin. Ultimately, a velocity model was
produced in Plotrefa using the time-term
inversion function, which illustrates the depth
to the sediment-bedrock interfaces as well as
velocities for sediment layers.

600 m/s for the top layer while the bedrock
layer has a velocity of 2100 m/s.
Seismic refraction line 3 is a thirty-six 10 Hz
geophone spread, from 12,100- 12,450 m, and
is located in the southern middle section of
Cyclone Canyon graben 440 m north of the
northern end seismic refraction line 2. For the
majority of line 3 the graben ranges from
approximately 185-210 m wide with a scarp
height of 75 m. From the velocity model for
line 3, the depth to bedrock ranges from 26 m
to 40 m. The velocity is 600 m/s for the top
layer and the bedrock layer has a velocity of
2000 m/s, Joshua Michaels who also
processed this seismic refraction line also
concluded comparable results.

RESULTS
Seismic refraction line 1 is located in the
southern end of Cyclone Canyon graben 60 m
north of a bedrock exposure cutting across the
graben. For the majority of line 1 the graben
was approximately 180 m wide with a scarp
height of 100 m. The velocity model from this
line had a root mean squared, RMS, error of
0.27, a small error since the goal is to obtain
an RMS error below 1.5. The depth to
bedrock ranges from 11 m to 29 m. The
deepest portion of this line, 29 m, is found 30
m north of the southernmost portion of this
line, 10,030 m. It shallows toward the center
of the refraction line and then starts to gently
slope downward deepening in the northern
direction of the graben. The seismic velocities
for this model are 500 m/s for the top layer
and 2500 m/s for the bedrock layer.

DISCUSSION
The axial depth to the sediment-bedrock
interface for Cyclone Canyon graben ranges
from 11 m in the south, to 78 m in the center,
to 28 m in the north end illustrating that the
depth to the sediment-bedrock interface of the
graben gently increases toward the center of
the graben (Fig. 2). This geometry for the
majority of Cyclone Canyon graben fits a
simple model of graben development.
Specifically for southern Cyclone Canyon
graben, which covers a length of
approximately 2.5 km, the depth to the
sediment-bedrock interface ranges from 11 m
on seismic refraction line 1 to 40 m on seismic
refraction line 3. Based upon possible errors
in processing, I estimate the precision of the
seismic refraction results to be approximately
±5 m. Despite possible errors, the general
depth of Cyclone Canyon graben is greater
than concluded in past studies.

Seismic refraction line 2, a forty-eight 10 Hz
geophone spread ranging from 11,190- 11,660
m, was located 720 m north of the northern
end of seismic refraction line 1. Seismic
refraction line 2 was approximately 120 m
away from the west graben wall. For the
majority of line 2 the graben was
approximately 255-270 m wide with a scarp
height of 75 m. The RMS error for seismic
refraction line 2 was 1.23, the highest of the 3
seismic lines processed, but still below the 1.5
maximum acceptable error. From the velocity
model for seismic refraction line 2, the depth
to bedrock interface ranges from 31 m to 39
m. The overall trend of line 2 is that it is
relatively consistent but does gradually slope
downward, showing an increase in depth to
bedrock going northward. The velocities are

Influence of the Chesler Canyon
Lineament on Cyclone Canyon
Graben
Devils Lane graben and northern Cyclone
Canyon graben have longitudinal profiles that
slope gently to their ends, but southern
Cyclone Canyon graben does not conform to
this standard. The sediment depth at the
southern end of Cyclone Canyon graben is 28
m. Only 60 m further south bedrock is
exposed in the graben axis. This abrupt
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transition suggests a more complicated
structure. The best explanation is that a fault
crosses the graben that drops Cyclone Canyon
graben down to the north. This fault could be
related to the Chesler Canyon lineament.

Total Displacement and
Regional Extension
Moore and Schultz (1999) have measured the
scarp heights for Canyonlands grabens by
analyzing aerial photographs of the region.
Based on their results and the analysis of
1:24,000 USGS topographic maps, the average
scarp height in Cyclone Canyon graben is
approximately 100 m.

The Chesler Canyon lineament is a
pronounced northwest-trending inferred
basement structure, largely defined by a
N42°W joint set - 12 km long and up to 1 km
wide that lies east of the Colorado River running oblique to the grabens of Canyonlands
National Park (McGill and Stromquist, 1979).
Potter (1979) found that Chesler Canyon joints
measured are vertical or near vertical, and
consistent orientation at depth and across the
contacts between lithologic formations. The
coincidence of intense jointing and minor
faulting within the 1 x 12 km zone and
retained orientation at depth suggest that the
lineament is controlled structurally at depth by
Precambrian basement faults. Based on these
relations, I interpret a fault related to the
Chesler Canyon lineament to cause the abrupt
southern termination of Cyclone Canyon
graben.

Based on these scarp heights from Moore and
Schultz (1999), and the results from this study
on depth to sediment-bedrock interface, one
can construct the total displacement on the
graben forming faults. Based on this
approach, displacement varies from 120 m to
158 m along southern Cyclone graben. The
total displacement of Devils Lane graben
ranges from 130 m to 145 m based upon depth
to the sediment-bedrock interface (Grosfils et
al. 2003) and scarp heights given by Moore
and Schultz (1999).

Depth (m)

Since the scarp height, sediment depth to the
bedrock interface, and total vertical
displacement are known for Cyclone Canyon
graben and Devils Lane
graben, one can use these
Seismic Refraction Results
ratios to estimate
1500
sediment depths and
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vertical displacement for
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other grabens within the
Needles District. This
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Figure 2. The depth to bedrock along the longitudinal axis of Cyclone Canyon
within the Needles
graben based upon the results of Seismic Refraction lines analyzed by Trenton
District. Scarp height,
and Michaels. The black dashed line marks inferred depth. Seismic line 3,
analyzed by both Trenton and Michaels, was near the graben wall and is not
sediment depth to the
included in this model since line 6, running in the center of the graben parallel to
bedrock interface, total
line 3, has a deeper depth to the sediment bedrock interface.
vertical displacement,
and graben extension in
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if there was no influence of evaporates or talus
boulders found at depth within the graben
basin. Based on the influence of the Paradox
formation these grabens exhibit a structure
very similar to the model presented by Moore
and Schultz (1999), in which there are
numerous down dropped segments that form
the graben, as well as an influence of salt
diapirism within the grabens in which there is
some ductile flow doming up into the grabens.
Down dropping of graben blocks creates relief
that causes salt to rise beneath the grabens as
reactive diapers.

the area near Cyclone Canyon graben are
summarized in Table 1.
Applying the extension determined for the
grabens in the Cyclone Canyon area to the 12
km length of the Needles District grabens and
considering the thickness of the brittle
deforming blocks can calculate a total volume
of rock delivered to the Colorado River by
extension. The total .192 km of extension of
the grabens region has occurred over region of
12 km in the Needles district. The 0.3 km of
brittle clastics that overlay the Paradox
formation are subject to be delivered and
transported by the Colorado River. Based on
these values it is calculated that since the
development of the Colorado River, the river
has transported .7 km3 of sediment out of the
grabens region of Canyonlands National Park.

REFERENCES CITED
Grosfils, E.B., Schultz, R.A., and Kroeger, G., 2003.
Geophysical exploration within northern Devils
Lane graben, Canyonlands National Park, Utah:
implications for sediment thickness and tectonic
evolution: Journal of Structural Geology, v. 25,
p. 455-467.

Models for Graben Development
Cyclone Canyon graben is very similar to
Devils Lane graben except for the influence of
the Chesler Canyon lineament in southern
Cyclone Graben. Since both of these grabens
have undergone similar development, it is
likely the other grabens in this region have
similar development as well. The gravity
results of Tara Gregg and Alice Waldron,
members of the KECK 2004 research project,
suggest that the graben is 200-300 m deep.

McGill, G.E. and Stromquist, A.W., 1979. The grabens
of Canyonlands National Park, Utah- geometry
mechanics and kinematics; Journal of Geophysical
Research, v. 84, p. 4547-4563.
Moore, J.M., and Schultz, R. A., 1999. Processes of
faulting in jointed rocks of Canyonlands National
Park, Utah: Geological Society of America Bulletin,
v. 111, p. 808-822.
Potter, D.B., Jr., 1979. The Chesler Canyon Lineament,
Canyonlands, National Park, Utah: A Structural
Analysis [Masters thesis]: Boston: University of

Scarp Height (m)

Avg. Sediment
Depth (m)

Vertical
Displacement (m)

Extension (m)

Devils Pocket

30

25

55

15

Devils Lane

60

55

115

31

Cyclone Canyon

100

30

130

35

Red Lake Canyon

100

30

130

35

N. Twin Canyon

110

44

154

41

Lens Canyon

100

30

130

35

Total Extension

192

Table 1. Calculated sediment depths and displacement for grabens of the Needles District.
Bold values are based on results of Geophysical studies conducted within the grabens.
Massachusetts, 82 p.
Based upon these results, it is likely that a salt
diapir is doming beneath Cyclone Canyon
graben. This possible influence of Paradox
formation evaporites would cause the gravity
readings to be lower than the results should be
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