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Longitudinal profiles

The Stream Profiler tool, developed to examine longitudinal profile metrics
(freely available on geomorphtools.org), was used to extract and calculate metrics from
longitudinal profiles for seven drainages within the Needles fault zone that drain to the
Colorado River (Wobus et al., 2006; Whipple, et al., 2007). Inputs to the tool were a 10-
m DEM of the study area and flow accumulation (FAC) grids. DEMs were projected and
mosaiced in ArcGIS prior to conversion to ASCII and use in the profiler tool. FAC grids
were generated using a partially filled DEM that preserved the real sinks present in the
Needles fault zone. Precipitation-scaled flow accumulation (FAC) grids were generated

in ArcMap using 30-year climate data from PRISM (http://www.prism.oregonstate.edu/).

Precipitation data were projected as a grid, which was resampled to the same cell size as
the 10-m DEM and clipped (Appendix D). Values were then normalized to the maximum
precipitation value for the study area (653 mm/yr) so the maximum precipitation value =
1 on the scaled grid. The resultant grid was input to the flow accumulation tool, resulting
in an adjusted flow accumulation raster.

Profiles were smoothed using a 100-m moving average window and elevations
were sampled along 10-m contour intervals. These parameters were selected after
sensitivity analyses (see Appendix D for details). Channel heads were delimited by a
minimum accumulation of 1000 cells (~90000 m?) for the regular FAC grid, and 300
cells (26,100 m?) for the precipitation-scaled FAC grid. Channel heads were confirmed
by visual inspection of aerial photos (see Figure 3.16). A reference concavity of 0.4 was
selected based on concavities of other streams in the Colorado Plateau, as well as

concavities of the upper reaches of the streams. Outputs kg, and kg, were overlain on
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Figure 3.8. Log-log slope-area plots of Gypsum, Cross, and Butler Wash/Red Lake
Canyons output by MATLAB. Concavity, & is the calculated slope of each regression
line. Steepness index, kqsn, is the y-intercept of each line. Longitudinal profiles on right.
Note that concavity is largely dependent upon selected regression limits. Note near-

vertical slopes of regression lines through largest area portion of each stream.
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Figure 3.9. 120-meter Lower Red Lake Canyon knickpoint, looking upstream (northeast)
from the south side of the canyon. Resistant carbonate beds of the Honaker Trail
Formation form cliffs and maintain the knickzone, while interleaved shale and mudstone

offers less resistance to weathering.



112

in Gypsum being undampened by subsidence, unlike the R2 in Cross and BW/RL, which
has adjusted to a concave shape. A convex R2 in Gypsum Canyon is also likely
maintained by the interbedded, resistant limestones of the Lower Cutler (Fig. 3.7). It is
notable that the large knickpoint defining the upstream edge of this reach along Butler
Wash in Red Lake Canyon (mile 11, Fig. 3.7C) lies downstream of the edge of salt-
related deformation. Yet the faulting is clearly producing smaller knickpoints upstream,
in the lower part of R3, as well. This implies that there may be salt deformation in R3 of
BW/RL. If R2 were defined to include these smaller knickpoints, it would be similar in
length to the other two (10 km). This distance is most likely indicative of the approximate
location of the edge of salt deformation, and therefore the approximate position of the
Meander Anticline axis.

In reach 3 (R3), the streams traverse a shared, correlatable topographic surface,
named in this work the Beef Basin paleo-surface (Figs. 3.5B, 3.10). R3 is cut into Lower
Cutler strata, has relatively low steepness indexes, and contains stretches that cross
Quaternary alluvium (Fig. 3.7). Because it appears to be in equilibrium with the relict
Beef Basin paleo-surface, R3 was utilized for modeling paleo-profiles. The absence of
faulting in Gypsum and Cross Canyons seems to validate this approach; however, the
presence of two structures in the headwaters of BW/RL Canyon suggests that more of its
profile is affected by salt deformation (Figs. 3.7C, 3.10). Furthermore, the Beef Basin
paleo-surface is dendritically incised in upper BW/RL Canyon, and the surface
contiguous with Cross and Gypsum drainages may only encompass a small part of R3 in
BW/RL Canyon (Fig. 3.10).

Finally, while there are not structures mapped in this reach of Cross Canyon, it is
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Figure 3.10. Annotated orthophotograph of upper Gypsum, Cross, and BW/RL Canyons.
R3 channel heads are noted with red arrows. Beef Basin paleo-surface is outlined in solid
orange where clear, and dashed orange where uncertain. Drainage divides between the
three catchments are marked in blue. Note the E-W trending graben of the Imperial

Canyon lineament in upper BW/RL Canyon.
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clear from the geologic map that R3 of this stream actually follows the Imperial Canyon
lineament (which is mapped in upper BW/RL Canyon). This explains the Quaternary
alluvial fill in this reach of Cross Canyon: it is actually flowing down a filled graben axis.
Therefore, while R3 crosses appear to cross a shared paleo-surface and be in equilibrium
in each stream with that paleo-surface, the assumption that the paleo-surface is itself
wholly undeformed appears to be flawed. This will be discussed further in the Paleo-

Profiles section of this chapter.

Reach 3 metrics

Concavity and normalized steepness values from R3 of each stream were used as
a starting point for modeling paleo-profiles. R3 metrics output from MATLAB and Excel
slope-area plots were used to generate paleo-profiles, which were then assessed for
accuracy based on the fit of the regression (R?) and visual matching (Figures 3.11, 3.12,
3.13). Discrepancies arose between the two methods because MATLAB computes reach
metrics based on equal intervals of elevation drop (in this case, 10 m), while the
methodology employed in Excel relied on sampling at regular channel longitudinal
distance intervals (50 m). The advantage afforded by the stream profiler tool is that
choosing regression limits is efficient, so reach boundaries can be fine-tuned before
saving a fit. On the other hand, modeling in Excel afforded the freedom to adjust the
sampling interval to capture the most data without being redundant. In Excel, a sampling
distance of 500 m was used to determine concavity and steepness index for Cross and
Gypsum Canyons based on these sensitivity tests (Figure 3.14). BW/RWL Canyon,

however, required a tighter sampling interval to capture the uppermost reach metrics, and
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Figure 3.11. Gypsum Canyon R3 metrics determination and long/paleo-profile plots. A)
Regressions through slope-area data points for both precipitation-scaled and unscaled
drainage areas (DA, x-axis). Best-fit equations for each population are colored to match
regressed line. Each point set is complimentarily colored where lighter colors (cerulean,
orange, green) correspond to points based on scaled flow accumulation values and darker
colors (navy, red, forest green) identify points based on unscaled flow accumulation
values. Note good agreement of solutions with data (R* = 0.76—0.87). B) Paleo-profiles
calculated using concavity and steepness index metrics determined in A, as well as
metrics from the MATLAB stream profiler tool. Lower plot is entire profile and upper
plot shows the top of R3 from 33—15 km from the mouth. Paleo-profile with greatest
fidelity to present-day profile was constructed from 6 = 0.44, ky/kys = 32/33 acquired in
the “R3 scaled” and “R3 unscaled” delimitation (green colors). Note that for Gypsum
Canyon, the difference between using scaled and unscaled drainage area data is

negligible.
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Figure 3.12. Cross Canyon R3 metrics determination and long/paleo-profile plots. A)
Regressions through slope-area data points for both precipitation-scaled and unscaled
drainage areas (DA, x-axis). Darker colors are based on raw flow accumulation data;
lighter colors are from precipitation-scaled data. Best-fit equations for each population
are colored to match regression line. B) Long profile plot with paleo-profiles using
metrics from regressions in A and metrics extracted in the MATLAB stream profiler tool.
Lower plot shows entire profile, upper shows the profile between 22 and 12 km from the
stream mouth. Best-fit metrics from “R3 - scaled” (R? of 0.92) used to construct paleo-
profiles were 0 = 0.41, ks = 4.8. For the “R3” reach plotted in Excel, the paleo-profiles
generated with metrics from both scaled and unscaled points are nearly identical. Note
that the scaled MATLAB fit is actually convex; this is a function of the point distribution

being shifted left (toward smaller drainage areas) when a scale FAC grid is used.
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Figure 3.13. Butler Wash/Red Lake Canyon R3 metrics determination and long/paleo-
profile plots. A) Slope-area plots for select reaches near the channel head showing effect
of sampling interval and scaled vs. unscaled DA. Data populations with high slopes (blue
and purple) were sampled every 50 m; those with low slopes (red and green) were
sampled every 500 m. Parallel light blue and pink data populations (and regressed lines)
are fit to unscaled and scaled populations, respectively. Regression equations and R” are
colored to match lines and point populations. Note that agreement between plotted data
and regression is moderately good, though not as good as in Gypsum and Cross Canyons.
(R? = 0.07—0.78). B) Long profile plots with paleo-profiles built from metrics
determined in A and metrics derived from slope-area plots in MATLAB. Lower plot is
entire profile, upper plot is 37—35 km from mouth. “R3 fit-scaled” line has the best
visual fit for the entirety of R3 and the best R? value. Numerous knickpoints in upper part
of channel impeded finding a good fit over a long distance. The “Visual Fit” (“R3
Upper”) metrics are based on the slope and y-intercept of a line through points sampled
every 50 m in the headwaters of BW/RL. “R3-unscaled” and “Visual Fit” (“R3 Upper)

were used for paleo-profile projections in Figure 3.14.
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Figure 3.14. Gypsum Canyon example sensitivity testing. A) Degree to which sampling
interval and smoothing affect long profile resolution. Real knickpoints (confirmed in
orthophoto examination) are smoothed out by averaging elevations over 500 m, but not
over 200 m. B) Slope-area plot for data points from profile with elevations sampled every
500 m. C) Slope-area plot for data points from profile with elevations sampled every 250
m. Note population of points present in C), but not B) at where the contributing drainage
area is between 10" and 10® m*. This point-stacking in C), produced by oversampling of
data, depresses the slope of a regression line, thereby reducing measured concavity. Note
that data points based on the scaled flow accumulation grid shift left and will tend to have

slightly higher concavities.



