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+ INTRODUCTION 

Our research group is interested in 
understanding the development of the dramatic relief of 
the Teton Range. In similar settings worldwide, relief 
has been examined as product of uplift and denudation. 
Therefore, we are combining tectonic and geomorphic 
studies to identify the progression of erosional 
processes from glacial to interglacial climates and also 
to refine the uplift history. By integrating these fields, 
we hope to gain a better understanding of the evolution 
of the Teton landscape. 

PROJECT 1 
+ B ACKGROUND AND OBJECTIVES 

The purpose of the first project is to quantify 
erosion rates of individual geomorphic processes to see 
how each contributes to the evolution of relief and 
topography in mountain ranges. During the last glacial 
maximum, significant volumes of material were 
removed from the base of canyons in the Teton Range, 
creating high relief and over steepened canyon walls. 
Although glaciers have disappeared from most canyons, 
features created by those glaciers still affect present 
erosional processes. We hypothesize that fluvial and 
mass wasting processes contribute to the high relief of 
these mountains since the last glacial maximum. To 
understand the effectiveness of each process, we are 
studying mass wasting, fluvial erosion, and weathering 
of bedrock surfaces with field observations, detrital (U­
Th)/He thermochronometry and cosmogenic 
radionuclide surface ages. 

To understand how landscape evolves in 
response to climate change, we need to quantify how 

much erosion occurs by glacial, fluvial, and mass 
wasting processes in known climate conditions. Small et 
al. (1997) studied differential erosion of basins and 
summits in the Wind River and Beartooth Ranges and 
revealed that topographic relief increases because 
erosion is more efficient in basins than on summits. In 
contrast, Stock et al. (2006) concluded that streams 
erode uniformly within fluvial mountain catchments. In 
complex environments, there is still much work to be 
done to understand how individual processes interact 
with each other and tectonic processes. 

The Teton Range is a unique landscape with 
significant topographic relief and interesting tectonic 
and geomorphic history. Roberts and Burbank (1993) 
studied tectonic uplift in this range with apatite fission 
track dating. Their results indicate uplift on this range 
began with Laramide folding and continued with Basin 
and Range extension. Hampel et al. (2007) modeled 
uplift on the Teton Fault and found that uplift likely 
increased as a result of deglaciation of the Yellowstone 
ice cap. Foster et al. (2007) modeled characteristics of 
canyons within mountain ranges of the Northeastern 
Basin and Range. Comparing hypsometry and along­
canyon profiles, they found that the landscape in the 
Teton Range differs from other ranges in the region. 
They suggested that this difference may reflect a 
response to climatic conditions. 

We are using field evidence of erosion in 
canyons to determine how climatic and uplift events 
influenced physical erosion of bedrock in canyons. This 
is an ideal location because previous tectonic and 
glacial histories have been well constrained. Several 
canyon streams drain into lakes trapped by end 
moraines in Jackson Hole. These lakes trap sediments 
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derived from the canyons, so it is ideal to study the 
erosional histories since the last glacial maximum -14 
ka (Licciardi et al, 2008). Determining the efficacy of 
each erosional process will help us understand climatic 
and tectonic influences on landscape found in previous 
studies. 

+ METHODS 

During July and August 2008 we surveyed 
talus fans in Avalanche Canyon and Glacier gulch to 
quantify denudation by rockfall in the Teton Range. We 
used a laser range finder to measure the width and 
length of fans and place them on geomorphic maps 
(Figure 1 ). We also measured the slope of the bedrock 

on the rock walls above the talus fans with the laser 
range finder to project the angle of the bedrock surface 
below the deposits. This allowed us to estimate 
thickness of material within the fan deposits. With the 
length, width, and thickness, we calculated volumes for 
each talus fan we surveyed in these two canyons. We 
digitized our data in ArcMap and used ArcMap to 
calculate the contributing bedrock surface area. The 
total amount of material eroded from the ridges was 
calculated by dividing the talus fan volume by the 
contributing bedrock surface area. That value was then 
divided by -14 ka to determine an erosion rate on the 
ridge based on the time when glacial retreat began as 
measured by Licciardi et al (200 1 ). 

Figure 1: Talus deposits were surveyed 
in Glacier Gulch, Garnet Canyon, and 
Avalanche Canyon. a) Locations ofthe 
three canyons mapped on an aerial 
photograph. b) Talus fans mapped in 
Glacier Gulch. c) Talus fans mapped in 
Gamet Canyon d) Talus fans mapped in 
the North Fork of Avalanche Canyon 
mapped on a digital elevation map. 
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We also collected rock samples to measure the 
weathering rate on bedrock surfaces on ridges between 
the canyons. Bedrock surface weathering is measured 
with in situ cosmogenic radionuclides (CRN). Rocks 
exposed at the surface experience bombardment by 
cosmic rays from the sun, producing 10Be in quartz 
grains. CRN concentration increases with time if rock is 
continuously exposed to these rays. Measuring isotopes 
present in quartz grains approximates the exposure age 
of a rock (Nishiizumi et al. 1993). CRN exposure ages 
will be determined by extracting quartz grains from 
rock samples and measuring 10Be concentration. 
Nishiizurni et al. (1993) calculated an erosion rate of 
0.048 mm/yr in the Teton Range based on a single CRN 
exposure age. We collected a number of ridge samples 
to test if this rate is consistent across the range. 

Since talus deposits are prevalent in the 
canyons, it appears that rockfalls are common. We 
tested rock strength in several areas in the three canyons 
to see if certain rocks might be more susceptible to 
slope failures or surface weathering. We used a Schmidt 
hammer to determine rock mass strength. We also 
measured joint widths, spacing, and dips to characterize 
the rock surfaces and fractures. 

We collected sediment samples at the mouth of 
several canyon streams to determine fluvial erosion 
rates. These rates will be measured with CRN 
concentrations and detrital apatite grains in stream 
sediments. CRN in deposited quartz grains will be 
measured using the above methods. CRN ages are 
integrated to determine canyon-wide erosion rates 
(Binnie et al. 2006; Nishiizumi et al. 1993). Detrital 
apatite grains from sediment samples will be dated with 
(U-Th)/He thermochronometry (AHe) to identify the 
spatial distribution of erosion. AHe ages from rocks 
collected along vertical transects in our other project 
will be used to identify the distribution of ages in 
bedrock within the canyons. The age-elevation gradient 
combined with the elevation hypsometry of the drainage 
areas predicts the AHe age distribution expected from 
sediment grains if erosion is unifonn (Brewer et al. 
2003; Ruhl and Hodges 2005; Stock et al. 2006). 
Sediment ages from streams and glacial moraines 
compared to the predicted distribution will identify the 
concentration of erosion in the current system and 
during the last glacial maximum. 

PROJECT 2 
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+ BACKGROUND AND OBJECTIVES 

The purpose of the second project is to refine 
the temporal and spatial uplift history of the Teton 
Range by combining (U-Th)/He and fission-track dating 
of apatite. Currently, the low-temperature 
thermochronological history of the Teton Range is 
notably limited. Among the youngest of the Rocky 
Mountain ranges, the Tetons likely experienced the 
majority of their uplift in the past 5 to 10 million years 
(Love et al. 2003), resulting in the present rugged 
landscape. Although the range-front Teton fault plays 
an important role in the evolution of the Teton Range, 
the age and displacement are still controversial. 
Previous research utilized inverse ray-tracing and 
gravity models to derive a total throw of 2.5 - 3.5 km 
and a fault initiation at 2-3 Ma (Byrd et al., 1994). 
Other data suggests that the Teton fault actually became 
active between 5 and 13 Ma, resulting in a total 
displacement of 6-9 km. Consequently, disputes exist 
regarding the long-term vertical slip rate, ranging from 
0.5 to 1.2 mm/yr (Smith et al., 1993; Byrd et al., 1994). 

Roberts and Burbank (1993) analyzed apatite 
fission-tracks (AFT) in the Teton Range to determine 
the timing and pattern of exhumation and uplift. 
However, advances in the use of fission-track dating, 
and more specifically the concept of an exhumed partial 
annealing zone (PAZ) by Fitzgerald et al. (1995), in 
addition to the renaissance of apatite (U-Th)/He (AHe) 
techniques (e.g. Farley, 2000), have redefined the 
expectations of a comprehensive thermochronological 
study. For fission-track dating, apatite has a closure 
temperature of~ 11 0°C, implying that AFT ages from 
the previous transects do not clearly define the onset of 
Teton uplift because there is no record of cooling below 
~ 11 ooc. Since many important tectonic and erosional 
processes occur in the upper 5 km of the crust, it is 
necessary to incorporate other methods to bridge gaps 
left by previous low-temperature studies. Because of 
the current studies involving interaction between 
climate and tectonics, it is important to document the 
latest stages of exhumation and denundation. While 
(U-Th)/He dating is applicable in a series of different 
minerals (i.e. zircon, titanite), apatite is particularly 
useful because of its exceptionally low closure 
temperature of~ 75°C and He partial retention zone 
(conceptually analogous to the PAZ) between ~0-75°C 
(Zeitler, et al., 1987; Lippolt et al., 1994; Wolf et al., 
1998; Farley, 2000). Previously, AFT and AHe 
techniques have been successfully integrated to 
reconstruct exhumational histories (Crowley et al., 
2002) and to deduce timing, rate, and extent of motion 
on normal fault systems (Ehlers et al., 2003; Stockli et 
al., 2000; Armstrong et al., 2003) 
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Figure 2 - Simplified model showing the relationship between the Teton Range and the normal Teton fault. Red and blue points 
represent approximate sample transects collected during August of2008. Vertical exaggeration is 1.5. 

+ METHODS 

During August of 2008, approximately 20 
bedrock samples were collected in three vertical 
transects across the Teton Range (Figure 2). Excluding 
late faulting or intrusive events, samples collected from 
higher elevations retain older ages, and the data shows a 
gradual increasing trend. However, if an episode of 
rapid uplift occurs, the data exhibits a visible inflection 
point. Thus, the information obtained from a series of 
vertical transects will help determine the uplift history 
prior to initiation of the Teton fault, timing of onset of 
movement along the fault, and will establish an age­
elevation gradient throughout the Teton Range. 

In addition, 16 bedrock samples were collected 
at low elevations parallel to the Teton fault. These 
samples will aid in identifying the age where inflection 
occurs at different locations along strike. This is 
important for determining if the progression of uplift 
along the Teton escarpment was along-strike growth or 
a constant-length increase in relief and offset, ideally 
leading to a greater understanding of the temporal and 
spatial evolution of normal fault blocks. Coupled with 
the exhumation history from the vertical transects, this 
data will provide essential insight into the creation of 
the Teton landscape. 
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