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“But while the Henry Mountains contribute almost nothing to our direct material interests, they offer in
common with the plateaus which surround them a field of surpassing interest to the student of structural
geology. The deep carving of the land which renders it so inhospitable to the traveler and the settler, is to

the geologist a dissection which lays bare the very anatomy of the rocks, and the dry climate which makes
the region a naked desert, soilless and almost plantless, perfects the

reparation for his examination.”
prep -G.K. Gilbert
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“The Basin of the Colorado offers peculiar facilities for the study of the origin of topographic forms, and

its marvelous sculpture has excited the interest of every observer.” - G.K. Gilbert (as are the rest)
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Day 1: Hillslopes — Form, Process and Sediment Production & Transport

Stop 1: Organization, introductions and trip overview
- Meet at Base Camp at 9 a.m.
- Brief Henry Mountains geologic history: Mt. Holmes as a backdrop

Stop 2: Intro to hillslope morphology: hypotheses/questions
- Is this landscape supply- or transport-limited? Threshold slopes.
- Soil vs. Bedrock dominated landscapes and dominant processes.
- Impact of fire on hillslope erosion and sediment supply.

Stop 3: Convex Hillslopes on the Shoulders of Gilbert
- Short hike through a soil-mantled landscape south of Mt. Hillers.
- Lunch break: convex hillslopes and hillslope sediment transport.
- Panorama Knoll - hillslope response to falling base level.

Stop 4: Pediments, Badlands, and Closing Discussion
- View from Mt. Hillers south to Bullfrog Bay
- Panorama of badlands, pediments/piedmonts, and convex hillslopes.
- How old are all these features, and how are they related to one another?

Day 2: Rivers — Form, Process and Bedrock Incision

Stop 1: Swett Creek Erosion Monitoring Site
- Flash flood & snowmelt hydrographs, erosion rates,
- morphological adjustment, and inner channels.
- Compare to flume experiments

Stop 2: Trail Canyon (just upstream of road)
- Comparison of mainstem and two tributaries
- Discussion of pothole formation

Stop 3: Trail Canyon Epigenetic Gorges (downstream of road)
- Hike downstream to epigenetic gorges, and discuss over lunch

Stop 4: Bedrock Incision Across a Laccolith
- Discuss feedbacks between hillslope sedimentation and channel response.

Day 3: Dating surfaces, incision rates, and connections to the Colorado

Stop 1 (and only): Trachyte Creek Surfaces
- Trachyte Creek surfaces used for incision rate study.
- Cosmogenic nuclide dating of surfaces
- Closing remarks and additional spots for the drive home!



Day 1: Hillslopes — Form, Process and Sediment Production & Transport

Overview of Stops and rough schedule:

Schedule, Fri. Oct. 15, 2010

1-1: Fire Pit Camp
8:30-9:30

1-2: Trail Cyn Headwaters
10:00-11:30

1-3: Panorama Knoll
12:00-3:00

1-4: Shitamaring Lookout
3:30 — whenever ...




Parking and Logistics, Fri. Oct. 15, 2010
Stop 1-1: Fire Pit Camp — 8:30 - 9:30 AM

This is “base camp” for us and is less than 1 km from
Star Springs Campground. We will gather “first thing”
and go through introductions and the regional setting of
the Henry Mountains, as well as introduce the field trip
and the stops we’ve had planned — to give everyone an
outline of the rest of the trip.

Stop 1-2: Trail Canyon Headwaters — 10:00 — 11:30 AM

This stop can be approached from two dirt roads that
head uphill from the road that Fire Pit Camp is off of. The
last uphill stretch is likely rutted, and only has limited
parking and turnaround area at the end of the arrow.
We will hike to the top of a small ridge to show/discuss.

Stop 1-3: Panorama Knoll - 12:00 - 3:00 PM

Parking will be at the top of the main ridge and we’ll
have a couple hours worth of gentle hiking here to get
across the soil-mantled hills to the edge of more
badland-like topography. BRING LUNCH AND WATER.

Stop 1-4: Shitamaring Lookout — 3:30 — whenever...

Turn right on a dirt road off Rt. 276 about 2.5-3 km south
from the road up to Star Springs. The first km or so is
good dirt and then it’s likely to be rough. We will direct
parking and admire the view accordingly. (below zoom)



Geology Overview of Mt. Hillers Area

Surficial Deposits
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Day 1, Stop 2: Hillslope process and form

low slopes, convex up steep, planar slopes steep, rugged slopes

Which processes are active/dominant in each zone?

“Plants often pry apart rocks by the growth of their roots, but their chief aid to
erosion is by increasing the solvent power of percolating water” -Gilbert



Day 1, Stop 2: Quantifying hillslope form
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Day 1, Stop 2: Rates of hillslope processes

Catchment-averaged erosion rates from
in situ cosmogenic °Be

By averaging the concentrations of 3
thousands of grains, we obtain a long \
term erosion rate averaged over an

entire catchment
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“Consider now the effect of creep on the law of slope. As we are speaking of mature topography only, we may assume the
rate of degradation to be the same on all parts of the slope, so that the two lines in the schematic [next page] represent
the surface of the ground at two epochs....”

Day 1 Stop 3: Convex Hillslopes on the Shoulders of Gilbert

TIME =10°y

Precipitation Precipitation
Dust Dust

Solutes Solutes

Dry Deposition Dry Deposition

Gilbert’s perspectives on such
landforms spawned numerous
studies and helps motivate study of
the Earth’s Critical Zone.

Figures from Amundson et al. 07

Soil transport
= =Ksslope

Horizontal distance (x)



From Anderson’s “Little Book of Geomorphology” present

summit surface

D

earlier
surface

creeping
regolith

Schematic cross-section of a steady state convex hilltop. Summit at D
and two equally spaced points A and B are shown. Surface of the hill is
shown at two times, early (dashed) and present. The entire hilltop has
been lowered by the same amount. Bedrock weathers to mobile regolith
at the bedrock-regolith interface. Regolith produced between the summit,
D, and the point A must be transported past A by creep, while all regolith
produced between D and B must be transported past B. If the transport
process is slope-dependent, the slope at B must be twice that at A. This is
the essence of convex hilltops. (after Gilbert, 1909, Figure 1)
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The word statement representing conservation of regolith 1s:

rate of change of regolith - rate of rate of
mass [M/T] regolith inputs [M/T]| regolith outputs [M/T]




“In a maturely developed topography, hilltops composed of unconsolidated materials are upwardly convex in profile ...
In creep the chief disturbing agencies are expansion and contraction, and these are caused by freezing and thawing,

heating and cooling, wetting and drying ... Prominent among other disturbing agencies are plant roots .... Animals promote
creep in a more direct way...” Gilbert’s recognition of processes & form

Stop 3: Using morphology to deduce process and hypothesize rates

1. Qs = -K(dz/dx) K = transport coefficient (L?/time)

Assume, as Gilbert suggests, sediment flux is linearly dependant on slope.
2. = -(dz/dt)=(dQs/dx) - Recall, from mass balance
3. Substitute eq. 1 into eq. 2:

E =-(dz/dt) = -K(d?z/dx?) » E/K =-(d?z/dx?) = constant, as above photo...

Integrate: -dz/dx = E/K(x) (E and K are constants; dz/dx =0 @ x = 0)
So, the profile of a hillside can yield an Erosion Rate or transport coefficient...

i.e. plot Slope vs. distance and the slope of the line = E/K.
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Nunnock, NSW, Australia

Nunnock, NSW, Australia
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Quantifying hillslope sediment transport with cosmogenic nuclides

Meteoric '°Be, McKean et al., 1993 In situ-produced °Be, Small et al., 1999
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Tectonic Forcing — San Gabriels, CA Examining erosion and soil

W production rates where we have
a gradient of external forcing:
The San Gabriel Mtns., CA

SGM = San Gabriel Mountains
SMFS = Sierra Madre Fault System
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“..the rapid removal of the products of weathering stimulates its action ... If however the power of
transportation is so great as to remove completely the products of weathering, the work of disintegration
is thereby checked; for the soil which weathering tends to accumulate is a reservoir to catch rain ...”



Climate-driven processes of hillslope weathering

Jean L. Dixon'*, Arjun M. Heimsath'*, James Kaste?*, and Ronald Amundson®*

'School of Earth and Space Exploration, Arizona State University, 548 Physical Sciences F-wing, Tempe, Arizona 85287, USA
2Department of Geology, College of William and Mary, 217 McGlothlin-Street Hall, Williamsburg, Virginia 23187, USA
3Department of Environmental Science, Policy and Management, University of California—Berkeley, 137 Mulford Hall, Berkeley,
California 94720, USA
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Figure 1. Location of field area showing low-elevation grassland site, Blasingame, and high-elevation subalpine site, Whitebark. Light rang-
ing and detection data (provided by National Center for Airborne Laser Mapping) were used to derive slope and curvature and produce
shaded relief images.
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; 50 %‘.‘. ‘8 20 " cg Figure 3. A: Surface burrowing activities from three transects at Blas-

%@ o] - ingame (BG) and Whitebark (WB) increase with associated profile

depths for fallout nuclide ?°Pb (r*=0.95, p <0.01) and "¥Cs (r* =

0 . . 0% oo 0.85, p < 0.01). Profile depth is 'defined as soil depth at 95% cumula-
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Figure 2. Average "Be-derlved soll production rates (P,,) are higher
at Blasingame (BG) than Whitebark (WB) (one-talled t-test, t = 7. 28
p = 0.02). A: At BG, these rates decrease with soll thickness (P, ,
7797 12 = 0.81). B: At BG, these rates decrease with distance 1rom
crest (* = 0.81, p < 0.01). Hill crest alone deviates from these trends,
suggesting elther exponential soll production function with hill crest
held up by slower eroding feature such as emergent tor, or humped
production function, whereby production rates peak at some finite
soll thickness. C: Soll chemical weathering rates (W, ) decrease with
Increasing convexity (negative curvature) at BG (r* = 0.75, p = 0.05),
and Insignificantly at WB (r? = 0.31, p = 0.19). D: Physical erosion
rates Increase with chemical weathering rate of saprolite (W, ..)
at both sltes (all data: r? = 0.68, p = 0.02; BG: r* = 0.48, p = 0.04; WB:
= 0.69, p < 0.01). Average rates of eroslon are faster at warmer and
drler BG (one-talled t-test, p = 0.04), compared to colder and wetter
WB, although saprolite weathering rates are not significantly differ-
ent (p = 0.13). E: Soll and saprolite weathering extents, shown by
chemical depletion fractions (CDF), are negatively correlated (all
data: = 0.78, p < 0.01; BG: r* = 0.87, p < 0.01; WB: r* = 0.69, p < 0.01).

WB (one profile) and are deeper at BG. We calculated diffusion-ike
mixing coefficients (D) for each profile (shown by broad gray line) by

V2. ap
best fit to the diffusion equation: a(z):.o'oxp[wu)}
where a(z) and a, are nuclide activity at depth (z) and surface, respec-
tively, and 2 is nuclide decay. Here, we assume that advection velocity
(V) is zero. Diffusive mixing coefficients of hill crests are shown, and
average hilislope values at each site are 0.28 + 0.05 cm%a at BG and
0.15 = 0.02 cm¥a at WB. Also shown are inventories of #Pb,_,
¥ Cs for downslope soils at low-elevation BG site (gray squu'u) and
high-elevation WB site (black circles). Inventory data points reflect
those calculated from individual soil profiles, and activities of addi-
tional bulk soil samples gathered downslope. C: Nuclide inventories
at high elevation are lower at high slopes; however, no statistically
significant correlation exists. D: At BG, inventories do not change
markedly, while at WB, nuclide inventories decrease with distances
downslope and increasing contributing area (r* = 0.63, p = 0.01). Sym-
bols contain error if not otherwise labeled. Nuclide activities were
measured using gamma-ray spectrometry on a broad energy ger-
manium detector at Dartmouth College (Hanover, New Hampshire).
Downslope profiles of #%Pb_,___ for each pit, including modeled mix-
ing coefficients, are provided in Data Repository (see footnote 1).



The critical role of climate and saprolite
weathering in landscape evolution
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Figure 7. Modeling the coupled effects of temperature and
precipitation on weathering. Silica fluxes (line) were modeled from
Equation 1 using values of £, and a; parameterized by field data from
White and Blum (1995) (E, = 59-4 k] mol”', a;=0-456, T,=5°C).
Measured average rates of chemical weathering (circles) follow
similar patterns as modeled fluxes along the climate gradient. Error
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Figure 3. Physical erosion rates increase with total weathering (a) and saprolite weathering (b) rates, however links with soil weathering (c) are
not as clear. Linear regressions suggest strong links between erosion rates and both total and saprolite weathering rates (* = 0-69 and 0-65

respectively).



“Mountain forms in general depend more on the law of divides than on the law of structure, but their independence
of structure is rarely perfect, and it is difficult to discriminate the results of the two principles. For the investigation
of the workings of the law of divides it is better to select examples from regions which afford no variety of rock
texture and are hence unaffected in their erosion by the law of structure. Such examples are found in bad-lands.”

Stop 4: Badlands as natural laboratories

1. Arid—Ilack vegetation

2 Weak—loosely consolidated sedimentary rock
3. Homogenous—uniform substrate

4 Steep—recently exposed to erosion

If channels drive landscape lowering, why do we see convex hilltops everywhere?

Fig 60: Cross-profile of a Bad-Land Divide (adapted from Gilbert, 1892)

Drainage density as a metric to interpret the balance between mass-wasting and fluvial transport
processes:

Total length of channels

Drainage Density = Drainage area



Stop 4: Badland modeling and observations (Howard, 1997)

Fig 1: Badlands in Mancos Shale (North Caineville Mesa): Asterisks mark early Wisconsin pediment surface.

1000 Main—Fig 6: Observed

| dependence of drainage density
on relief Measured from aerial
photographs (~1:12000).
Ephemeral rills not included in the
calculation.
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Two process regimes:

Observations: In low relief areas, drainage density increases with higher relief.
Interpretation: The threshold for fluvial erosion controls channel heads. So, as relief increases,
the critical drainage area goes down (Case IB).

Observations: In high relief areas, drainage density decreases with higher relief.
Interpretation: As threshold slopes are approached, hillslopes get more efficient and channels
increase their critical drainage area to keep up (Case IlA).



Stop 4: Pediments (Cook et al., 2009)

pediment
correlations

younger

=
older

Fig 6: Relative ages of pediment surfaces The distribution and inferred relative ages are based on aerial
photographs and field observation.



Day 2: Sediment supply controls on river incision and canyon

formation

Overview of stops:

2 km

Schedule, Saturday Oct. 16 2010

2-1: Swett Creek
8:00-9:30 AM

2-2: Trail Canyon and tributaries,
and slot canyon, just upstream of
highway.

9:45-11:30 AM

2-3: Epigenetic Gorges,
downstream Trail Canyon
NOTE: we will be away from the
vehicles for several hours. BRING
WATER and LUNCH!
11:30-12:45 Hike downstream
12:45-1:30 Lunch
1:30-2:30 Hike back to cars

2-4: Bedrock incision across a
laccolith
2:45 until you stop exploring



Parking and logistics, Saturday Oct. 16 2010

Stop 2-1: Swett Creek
8:00-9:30 AM

* Between Hwy 276 milemarkers 13 (to the north) and 14.

* Park in small pull-off area or on shoulder where hwy
crosses filled-in canyon.

* Discussion will take place down in canyon, but right here
where road crosses canyon.

2-2 and 2-3: Trail Canyon, just upstream of highway.
9:45-11:30 for stop 2-2;
11:30-2:30 for stop 2-3.

* A little north of Hwy 276 milemarker 10.

* Parking area just south of channel.

» We will first walk upstream a little ways and see several
channels including a slot canyon (2-2). Bring water.

*After returning to the cars to grab sack lunches, we will then

hike downstream ~ 2 miles. Bring water and lunch.

2-4: Bedrock incision across a laccolith
2:45 until you stop exploring

* Take dirt road right next to milemarker 7.

* Drive ~1.5 miles up road; we will have
signs/people to indicate where to park.

* Low clearance vehicle people may want to
ride with high clearance vehicle people—
we will let you know the current road
conditions.



Key reason this landscape is useful for evaluating sediment controls on channel

incision:

Systematic differences in coarse diorite sediment supply between channels, based on spatial distribution of
diorite intrusions and mountains, pediment deposits, in relation to a given watershed. More on this at stop 2-2.

2 km

* Gray: primarily diorite
intrusions, eroding
pediment surface deposits,
and fill terraces.

* Other units: weaker
sandstones and mudstones
(most of this image:
Moenkopi and Chinle fm,
Wingate ss, Kayenta fm,
Navajo ss, Carmel fm,
Entrada ss).

Note that different
watersheds and channels
contain different
abundances of gray diorite
sediment.



Johnson, Whipple, Sklar and Hanks initially started working in the Henry Mountains
to do a field test of the Sklar and Dietrich (2004) saltation-abrasion model of
bedload transport-dependent bedrock channel incision.

Saltation-abrasion model, inspired by Gilbert’s work
in the Henry Mountains:

* Tools effect: too little sediment reduces incision
rate by limiting the rate of particle impacts

* Cover effect: too much sediment reduces incision

rate because alluvium partially mantles the bed,
protecting it from particle impacts Tools Cover

Sklar and Dietrich (2004), A mechanistic model for river
incision into bedrock by saltating bedload, Water
Resources Research.



Day 2 Stop 1: Bedrock erosion and hydrograph monitoring, Swett Creek

Key topics at this site:

* Hydrograph control on incision and bedload transport rate.

* Rapid maximum bedrock incision rate (~0.5 m in 3 weeks)

* Feedbacks between transport, incision and morphology that lead to inner channel
formation; comparison to flume experiments.

Most data and plots in this section are from the following paper:

GSA Bulletin, September/October 2010; v. 122; no. 9/10; p. 1600-1615; doi: 10.1130/B30126.1;

ABSTRACT

Hydrograph variability and channel morphology influence rates of fluvial bedrock incision , but
little data exist on these controls in natural channels. Through field monitoring we demonstrate
that (1) short-term bedrock channel incision can be rapid, (2) sustained floods with smaller
peak discharges can be more erosive than fl ash floods with higher peak discharges, due to
changes in bed alluviation, and (3) bedrock channel morphology varies with local bed slope
and controls the spatial distribution of erosion. We present a three-year record of flow depths and
bedrock erosion for a human-perturbed channel reach that drains the Henry Mountains of Utah,
USA. Starting from a small and steep (~30% slope), engineered knickpoint in Navajo sandstone,
erosion has cut a narrow, deep, and tortuous inner channel in ~35—40 years. Along the inner channel,
we measured up to 1/2 m of vertical incision into Navajo sandstone over ~23 days, caused by the
2005 season of exceptional snowmelt flow. In contrast, flash floods caused little bedrock incision
even when peak discharges were much higher than the peak snowmelt flow. Flash floods were net
depositors of coarse sediment while snowmelt flow cleared alluvial cover. We document the
formation of a pothole and interpret that it was abraded by bedload rather than fi ne suspended
sediment. Finally, several slot canyons (Peek-a-boo, Spooky, and Coyote Gulch narrows) in the
nearby Escalante River drainage basin have erosional morphologies similar to the monitored
channel reach. Feedbacks between flow, sediment transport, and transient erosion provide a
plausible explanation for the evolution of channel slope, width, and bed roughness of these natural
bedrock channels.






Comparing snowmelt and flash flood hydrographs



Alluvial cover along the inner channel decreased due to snowmelt runoff;

increased due to flash floods. Why? Higher sediment concentrations in rising
limbs of flash floods?

Upstream of steep “flume mouth”: Up to ~10 cm vertical bedrock incision
from snowmelt flow.



Erosion along inner channel from snowmelt flow, longitudinal profile

Erosion along inner channel cross-section: nearly 2 m of bedrock
incision from 3 weeks of snowmelt flow and sediment transport.



Pothole incision and morphology, along inner channel
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Comparison to laboratory experiment morphology and erosion rate:

We have developed the same morphology (tortuous inner channel) in laboratory flume experiments.
Our experimental erosion rates and patterns also explore how tools and cover effects are strongly
modulated by evolving bed morphology.

Johnson and Whipple (2007), Feedbacks between erosion and sediment transport in experimental
bedrock channels, ESPL, doi: 10.1002/esp1471

Johnson and Whipple (2010), Evaluating the controls of shear stress, sediment supply, alluvial cover,
and channel morphology on experimental bedrock incision rate, JGR-ES

Starting from an approximately planer bed (in both sets of experiments), bedload transport becomes
focused along interconnected topographic lows, focusing erosion (a positive feedback), and resulting
in the incision of a narrow inner channel.

Measurements of sequential erosional topography at
10 per cent slope.

Johnson and Whipple, ESPL 2007

Figure 1. Bed topography in experiment A. The flume is 30 cm
wide (starting at zero, x axis) and 4 m long (starting at 0, y
axis). The area shown is the central subset of the flume we use
for analysis (80-320 cm downstream from head box, 2.4-26.4
cm from the flume sidewall) to minimize possible inlet, outlet,
and sidewall effects. Flow direction is indicated. Initially, the
planar bed center was intentionally slightly lower than the
sloping bed sides at the flume walls to inhibit sediment
transport and incision at the sidewalls. Inner channel
centerlines are indicated and described in the text.

Johnson and Whipple, JGR 2010
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Sediment transport and erosion were focused along the developing inner channel.
Initially, a positive feedback developed where more incision deepened the inner
channel, catching more sediment and further increasing erosion.

Spatial pattern of sediment concentration : sediment
transported through developing inner channel

Topography, erosion and local sediment
concentration, shown here as f(Qs)

Figure 2. Relative sediment concentration on the flume bed
during active transport for a series of time steps (19-24) with
variable sediment flux, constant discharge, and 5 mm gravel.
Inner channel centerlines are indicated. Time steps are shown
in order of increasing sediment flux rather than chronologically.
Bedload transport was strongly focused along the
topographically low inner channel. These measurements were
made using photographs of painted gravel in active transport
and image analysis.

Johnson and Whipple, JGR 2010

Johnson and Whipple, JGR 2010
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In both sets of experiments, tools effects (increasing erosion with increasing local
sediment flux) and cover effects (decreasing erosion with increasing local
sediment flux) were observed, but again, strongly influenced by local channel

morphology.

Tools
Cover

(b) Erosion rates for each timestep averaged over the measured
flume area (30 cm wide by 300 cm long). The asymmetric
uncertainty is primarily due to the data dropouts in the
measured timestep topography, and the error bars represent
minimum and maximum possible amounts of

erosion given that few dropout locations eroded to the flume
bottom by the end of the run. Most erosion by potholes
unfortunately is not included because our method for
measuring topography could not see the pothole bottoms. (c)
Inner channel erosion rate calculated over a 1 cm wide by 300
cm long swath. The location of the 1 cm zone was chosen by
eye to follow the path of highest erosion, and shifted between
timesteps as the inner channel developed and migrated.

Johnson and Whipple, ESPL 2007

Tools
Cover

Erosion averaged along the axis of the inner
channel per time step. Inner channel erosion rates
are much higher than flume-averaged values.

Johnson and Whipple, JGR 2010
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Morphologic similarities between field and flume (Johnson and Whipple, ESPL 2007)
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Natural examples of same morphological feedbacks:

Peekaboo, Spooky and Coyote Narrows slot canyons, Escalante River drainage, UT

Figure 12. (A) Escalante canyons,
aerial photograph (crop of Big
Hollow Wash, Utah, digital
orthophoto quadrangle) of Coyote
Gulch and tributaries including the
slot canyons Peek-aboo, Spooky,
and Coyote Narrows (latitude
37.482N, longitude 111.216W).
Rectangle shows approximate area
of photo in 12B. Outlines of
inferred abandoned channel
segments are marked by dashed
lines and question marks. (B)
Photograph looking south of channel
just upstream of Spooky slot
canyon; note the start of the slot
(shadowed bedrock). Sitting person
is circled for scale. (C) A short
distance downstream the active
channel narrows greatly,

forming Spooky slot canyon.
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A less natural example: Fremont River Waterfall, in Capitol Reef National Park: a great
place to stop on your way home (right on the highway). This is another example of a

man-made step in the river, in this case by cutting off a meander bend during highway
construction ... in a National Park.

Waterfall

Blasted diversion slot v

Engineered meander cutoff

0.4 km
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Day 2 Stop 2: Comparing channel slopes, sediment supply, and incision in Trail
Canyon and tributaries: Field evidence for cover effects at long timescales

Key topics at this site:

* Field evidence that alluvial cover can inhibit channel downcutting.

* The slope of incising bedrock channels can primarily be adjusted to the sediment load.
* Channels in this landscape have systematically different coarse sediment supply rates.

Most data and plots in this section are from the following paper:

17
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(b) Landsat image showing Trail Canyen and diorite-poor
tributaries. Location indicated in Figure 1. Photograph of epigenetic gorge in Figure 6¢. (¢) Aerial phetograph showing
Trail and Maidenswater canyons. Nots the difference between Jea (dark red), Jn (tan), and diorite-rich alluvium (gray) filling
the Trail Canyon valley. Location shown in Figure 4b (rectangle). (d) Sterec air photographs showing the confluences of
Trail Canyon, Trib43, and Trib44. Lecation indicated i Figurs 3¢. To view in stereo, rotate the page 90° clockwise, relax
vour eyes, foous on infinity, and let the images overlap. The asterisk is the ~13 m fill terrace similarly marked in Figure 6.
Note that the Trib43 channel elevations are lower than the adjacent Trail Canyon.

Citation: Johnson, J. P. L., K. X, Whipple, L. 5. Sklar, and T. C. Hanks (2009), Transport slopes, sediment cover, and bedrock

channel incision in the Henry Mountains, Utah, J Geophys. Res., {14, FO2014, doi:1(L1029/2007TFO00862. 19



DEM longitudinal profiles
of Trail Cyn and tribs

Slope-area
data

Field surveys of
longitudinal profiles
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This is the downstream
end of a slot canyon
that can be easily
explored, although it
may be wet.

20



More bedrock
exposure = lower
bedrock channel
slope

Sediment size distributions in different channels
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Simple steady-uniform flow calculations of shear stresses: flow well below
bankfull will mobilize bed sediment

22



Lidar coverage for Henry Mountains:
NCALM student grant to Skye Corbett (advisor Leonard Sklar)

Glen Canyon, UT
Filtered Shaded Relief map, 1m cell size
Date: 02-07-2008, Source: NCALM

0 250500 1,000 1,500 2,000
e \Veters
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Using Lidar and field surveys to quantify natural bedrock and alluvial
reach roughness in relation to long-term sediment load.

Lindsay Olinde, PhD student, UT Austin

Plan for current and future work: to measure bed topography and various roughness
metrics, and how they vary with sediment size distribution and long-term sediment
supply. Using airborne lidar data, ground-based lidar, and field surveys.

a. Location of Henry Mountains field site, and LiDAR
shaded relief map showing surveyed reach in g and h.
e. LiDAR-derived longitudinal profiles, linear trend
(channel slope) removed. f. Power spectra for
channels in e (over longer distances). Arrows highlight
peaks with different amplitudes and wavelengths
between the channels. g. Milk Creek, reach surveyed
with total station. h. Comparison of total station
survey and airborne LiDAR profiles.
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Day 2 Stop 3: Epigenetic gorges in Trail Canyon



What is an epigenetic gorge?



Trail Canyon: Epigenetic gorges here were formed by regional valley aggradation (presumably
driven by changes in climate) followed by subsquent downcutting that happened to occur through
bedrock. Alluvial fill terrace level ~10-15 m above current channels is widespread in this and
other Henry Mountains watersheds with high sediment supply. May correspond to terrace level in
another drainage dated by Cook et al. (2008) to ~13 ka

27



Other mechanisms for forming epigenetic gorges:
Landslide-induced egorge, Sichuan Province, China.

28



Landslide-induced epigenetic gorge, Sipia Falls, Peru.
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New Zealand: Epigenetic gorges formed by alluvial fans pushing mainstem valley channels
against bank. Subsequent mainstem downcutting formed epigenetic gorges.

Note also that the Escalante River slot canyons discussed previously are eolian-controlled
epigenetic gorges.

30



One reason epigenetic gorges can matter:
Beware of interpreting incision rates from terrace ages as reflecting tectonic forcing.

These averaged rates may primarily reflect autogenic channel dynamics and the history
of sediment supply.

31



Day 2 Stop 4: Bedrock incision across a diorite laccolith

Topics: Rock strength, jointing, and erosional morphology
Rock properties control on hillslope-channel coupling

250m
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Depth (cm)

Day 3: Dating surfaces, incision rates, and connections to the Colorado

Surface Age (ky) Height (m)

Incision rate (m/my)

P1 267 110
P2 178 62
P3 13 7
P4 ~3? 1

412

Cook et al;, 2009
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Simplified diagram of Al/Be ratios used for isochron cosmogenic burial dating. The slope of the line at the time of burial is the
production ratio, generally 6.8, and decreases as decay occurs, i.e. as time goes by. Thus age is inversely proportional to slope.
Inheritance provides the spread of points along the line. Post burial production of Aluminum increases the y-intercept (while Be
is also produced) and erosion rates cause the line to not be exactly linear and must be corrected.

Bullfrog Terrace sampling site, Navajo Mountain in the background

Surface date: 479 +/-12 ka, (Davis.etal., 2001)
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Isochron plots of 26Al/1°Be data for determination of isochron dates. Measured data are shown in light gray with one-sigma error
ellipses. Data linearized for regression are shown as darker ellipses, shifted to lower 1°Be concentrations (see Balco and Rovey,
2008). Regression equations are shown for each line, including errors in both slope and intercept. Errors in slope are calculated
following York (1966) or from measurement uncertainty, whichever is greater.
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