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INTRODUCTION

The exposure of bedrock cliff faces in mountainous 
regions can subsequently lead to the accumulation 
of talus.  Talus, deposits of coarse blocky detri-
tus, forms at the base of cliff source areas (Caine, 
1983).  The modern Colorado Rocky Mountains 
formed during the late Cretaceous to middle Eocene 
Laramide Orogeny (Bird, 1988).   This orogenic 
interval was followed by periods of glacial advance 
and retreat during the Pleistocene. Glacial valleys 
were cut in alpine regions and glaciers extended 
into Front Range river valleys (Kellogg et al., 2008).  

The disappearance of ice allowed slope deposits to 
accumulate in the Boulder Creek Watershed.  Talus 
abundance provides evidence for Holocene erosion 
and deposition in this area.  Talus slopes are unsta-
ble and can pose a significant hazard to engineered 
structures such as roads, hiking trails, and other 
infrastructure.   Studying the underlying structure 
and development of talus can help us better un-
derstand sediment generation from the cliff source 
to the base of the talus field.  The purpose of this 
study is to observe how rock type, joint spacing, and 
weathering patterns control the size and rate of talus 
development.

TALUS STRUCTURE AND EVOLUTION: A COMPARISON 
BETWEEN TALUS NEAR GREEN LAKE 3 AND AT BUMMER’S 

ROCK, COLORADO
EVAN RIDDLE
North Carolina State University
Research Advisor: Karl Wegmann

Figure 1.  Images of Green Lake Valley and Bummer’s Rock talus slopes.  A. View looking northwest across Green Lake 3.  Displayed 
are traverse lines and outlines of the major talus field and minor talus cone.  B. Topographic map of Bummer’s Rock.  Shown are 
traverse line locations, the approximate location of the cliff face and locations of boulder graphs that correspond with table 1.  
Also shown is the approximate outline on the talus field on the southwest slope of Bummer’s Rock.  C. Location of field areas with 
respect to Boulder, CO.
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Areas of Study, Rock Type, and Climate

Talus accumulation occurs throughout the Rocky 
Mountains, chiefly in alpine regions but also below 
tree line where bare cliff faces are exposed (Caine, 
1986).  Two talus fields were selected in two different 
climatic zones within the Boulder Creek Watershed 
for analysis: the first at the higher elevation Green 
Lakes Valley (GLV), and the second at Bummer’s 
Rock, a lower elevation site within the Betasso Pre-
serve (Fig. 1). 

GLV is a stepped-profile valley in the upper Boulder 
Creek watershed that was excavated by the repeated 
advance and retreat of glaciers (CZO, 2010).  The 
valley contains five alpine lakes.  The abrupt topo-
graphic step between Green Lakes 3 and 4 was 
chosen for this study because of the active accumu-
lation of talus across this step.  The base of the talus 
accumulation zone is at an elevation of 3475 meters, 
has an mean annual temperature of -3.7° C, and 
averages 1000 mm of precipitation per year, 80% as 
snow (Caine, 1996; CZO, 2010).  The upper basin 
(consisting of Green Lakes 3 and 4) supports alpine 
tundra with 71% of the area consisting of exposed 
bedrock and talus and 29% mantled by soil and veg-
etation (CZO, 2010). 

A mixture of igneous and high-grade metamor-
phic rock dominates the GLV.  The most prevalent 
rock type is high-grade, strongly foliated Protero-
zoic (1.7 Ga) metasediments (Gable, 1980).   These 
metasediments are intruded by small silica-rich 
potassic-feldspar bodies of the 1.4 Ga Silver Plume 
granite (SPG; Braddock and Cole, 1990; Dethier and 
Lazarus, 2006).  Two talus fields are clearly defined 
in GLV near Green Lake 3 (Fig. 1A).  The north-
western-most or “main” talus field is approximately 
130 meters from tongue to its cliff source of heavily 
fractured metasedimentary rocks. A single outcrop 
of SPG is exposed within the field itself.  The smaller 
“minor” talus field lies immediately to the southeast, 
is approximately 80 meters from tongue to source, 
and is supplied predominately by SPG with veg-
etated metasedimentary rock on the slope above the 
cliff face (Fig. 1A).  Both talus fields lie below the 
Pleistocene glacial limit, indicating most accumula-

tion occurred after late Pleistocene glacial retreat (12 
ka: Miriam Duhnforth, University of Colorado, pers. 
comm.).

Bummer’s Rock (2030 m) is a small, boulder-domi-
nated peak located 10 km west of Boulder, Co in the 
Betasso Preserve (CZO, 2010).  Talus has accumu-
lated on both the east and west slopes of the peak in 
a thinly vegetated zone.  The site has a mean annual 
temperature ca. 11° C and receives about 500 mm of 
precipitation annually (Dethier and Lazarus, 2006; 
CZO, 2010).

Bummer’s Rock, and most of Boulder Canyon to 
the south, consists of the Proterozoic (1714 ± 4.6 
Ma) silica-rich Boulder Creek Granodiorite (Brad-
dock and Cole, 1990; Premo and Fanning, 2000; 
Dethier and Lazarus, 2006).  The talus fields beneath 
Bummer’s Rock are stable and appear to be largely 
inactive.  Talus stabilized by low-lying grass and 
sagebrush with scattered pine trees is common on 
both the east and west slopes of the peak. 

Valley glaciers repeatedly advanced from cirque 
headwall regions to partially fill tributary valleys of 
the Boulder Creek watershed during cooler and wet-
ter stadials of the Pleistocene (Dethier and Lazarus, 
2006).  Cosmogenic radionuclide dating indicates 
that the GLV was ice free by ca. 12 ka (Miriam Duh-
nforth, University of Colorado, pers. comm.), after 
which talus began accumulating along the steep 
valley margins below 3600 m. Bummer’s Rock was 
below and east of the glacial limit during the late 
Pleistocene (Madole et al., 1999; Dethier and Laza-
rus, 2006).

METHODS

Several techniques were utilized to characterize the 
Green Lakes Valley and Bummer’s Rock talus fields, 
including measuring: (1) boulder dimensional and 
rounding; (2) cliff face fracture spacing; and (3) talus 
profiles.  Due to time constraints and accessibility 
some measurements were made at only one of the 
sites as noted below.
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Boulder characterization and talus volume

Talus characterization was conducted in both Green 
Lakes Valley and Bummer’s Rock and included 
measurements of size, rock type, and percent talus 
field coverage by boulders.  We made line traverses 
transecting the talus cone from the tongue to the 
cliff face (source rock), and recording measurements 
every meter.  Boulders that lay beneath meter marks 
were measured for their major, minor, and inter-
mediate dimensional axes to the nearest millimeter.  
I also noted rock type and percent lichen cover.  
When the meter spacing fell on an area of vegetation 
this was noted and no measurements were taken, 
and if the point fell directly between two boulders, 
the downslope boulder (closer to talus tongue) was 
measured.  I used a Garmin Etrex to record the lati-
tude and longitude of line endpoints to the nearest 5 
meters.

In Green Lakes Valley, two boulder characteriza-
tion lines were run along the axis of each talus cone 
(Fig. 1A). Along the minor talus cone line, the slope 
angle of the talus surface, width of the cone, and 
estimated talus thickness were measured every 10 
m.  For volume measurements of the major talus, an 
estimated thickness of 2.5 meters was used, based 
on field observations.  At Bummer’s Rock, lines were 
run parallel and perpendicular to the cliff face on 
the southwest slope (Fig. 1B).  For volume mea-
surements at Bummer’s Rock, I estimated a talus 
thickness of 1m, based on field observations.  I used 
ArcMAP 9.3 and Surfer 8 software to calculate the 
volume of the minor talus cone.

Fracture Spacing

We collected fracture data along the cliff face at the 
Green Lakes Valley site along a line 1 m above the 
cliff face-talus contact.  Traverse lines were run par-
allel and normal to the cliff face.  The distance, strike 
and dip of every fracture that extended at least 2 m 
through the rock and that intersected the tape were 
recorded as was the bearing, slope, and rock type 
variations.  Fractures were differentiated as ‘major’ 
or ‘minor’ if they either passed completely through 
the entire cliff or were truncated by another fracture, 

respectively.    The location of the endpoints of each 
cliff-face transect was recorded with GPS.  I used 
StereoWin v. 1.2 to generate rose diagrams of frac-
ture orientations.  Fracture spacing data from the 
Bummer’s Rock cliff face were collected by fellow 
Keck colleague Liz Dengler.

Boulder Rounding

Measurements of boulder rounding were recorded 
on both the east and west slopes of Bummer’s Rock 
(Fig. 1B) on clasts greater than 50 cm in diameter 
with a device designed specifically for this study 
(Fig. 2), based upon the design of Kirkbride (2005). 

GPS positions were taken to mark the locations 
of each boulder group. Boulders were also chosen 
and rated on the following visual weathering class 
parameters:
  1) Freshly fractured rock.  Boulder still in original 
position on cliff face.  Little or no weathering or 
edge-rounding.
  2) Boulder still in original position.  Edges slightly 
weathered with less than 10% lichen covering the 
exposed faces of the boulder.
  3) Boulder is near original position, but completely 
detached from cliff face.  Edges relatively angular 

Figure 2. Image of boulder measurement device used in the 
field.  Four main measurements were taken: (1) distance along 
the meter sticks (red lines); (2) distance along the boulder (blue 
line); (3) distance from the apex of the meter sticks to the boul-
der (yellow line); and (4) the angle between the meter sticks.
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with less than 35% lichen on boulder faces. 
  4) Loose boulder near cliff face showing significant 
weathering.  Edges are rounded and some boulder 
faces have 35-70 percent lichen cover.
  5) Boulder severely weathered.  Edges and boulder 
faces almost unrecognizable.  Boulder is covered 
with 70% or more lichen.

The roundness of in-situ blocks, boulders on Bum-
mer’s Rock and boulders in a roadcut from a recent-
ly blasted area at the Boulder Canyon Hydroelectric 
Plant ~1 km south of Bummer’s Rock were used as 
test populations for measuring the degree of boulder 
rounding (weathering).  I measured one representa-
tive area of each boulder.  The rounding device was 
adjusted so that the meter sticks lay flat along two 

faces of the boulder with the desired edge point-
ing to the intersection of the meter sticks.  From 
this position four measurements were taken (Fig. 
2).  Combined, these measurements allowed me to 
estimate the amount of rock lost due to weathering.  
Volume data were estimated based on a 1 cm-wide 
strip. My calculation of the volume removed due to 
weathering involved converting measurements into 
Cartesian coordinates and utilizing MatLab R2009b 
software.

DATA

Green Lakes Valley Main Talus Field 

Boulder characterization of the main talus reveals 
that 96% of the talus surface is covered with loose 
boulders; exposed bedrock and soil comprise 3 and 
1%, respectively.  Metasedimentary and SPG sources 
account for 52 and 48% of the measured boulders, 
respectively.  Boulder sizes range from 4.6 to 340 cm 
with 51% within the 10 to 40 cm size class (Fig. 3A).  
For my comparison of rock fracture spacing and 
corresponding boulder size for the metasedimentary 
rock unit I removed SPG boulders (Fig. 3B).  

In the metasediments, 39% of the cliff-face fractures 
are in the 10 to 40cm spacing range (Fig. 3C).  The 
metasedimentary rocks are dominated by one frac-
ture set with a mean orientation of 188°, 83° E (Fig. 
3D).  The horizontal length of the cliff face above the 
major talus cone is approximately 150 m. The major 
talus has an area of ~19,000 m2.  Using a talus thick-
ness of 2.5 m the approximate volume is 38,000 m3.   

Minor Talus Cone
 
The minor talus cone in GLV has complete boulder 
surface coverage with no exposed bedrock or veg-
etation.  The cliff source for this talus field is SPG 
with minor exposed metasedimentary rock (Fig. 
1A).  Metasedimentary and SPG sources generate 
55 and 45% of the boulders measured, respectively.  
Boulder sizes range from 1.7 to 69 cm while 75% of 
boulders fell between the 0 to 30 cm size class (Fig. 
3A); boulder size in relation to distance from the 
cliff face are plotted (Fig. 3D).  Metasedimentary 

Figure 3.  Boulder rounding and fracture data for the main talus.  
A. Boulder size distributions for both metasediment and SPG 
boulders.  B. Boulder size distributions for metasediment boul-
ders (SPG boulder data removed).  C. Fracture spacing for the 
metasediment cliff face above the main talus cone.  D.  Plot of 
boulder size and distance from the cliff face for the major talus.  
E.  Rose diagram of metasediment fracture orientation.  Shown 
are 1% area contours and poles from fracture planes.
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boulders were removed from the dataset to allow 
for direct comparison between fracture spacing and 
boulder size within the SPG rock unit (Fig. 3B).  
 
Over 60% of fracture spacings in the SPG are be-
tween 0 and 30 cm (Fig. 3C). The SPG fractures are 
dominated by two distinct sets with orientations av-
eraging 334°, 37° W and 5°, 81° W (Fig. 3E).  These 
two fracture sets yield strikes that are separated by 
approximately 30° degrees.  The horizontal length of 
the cliff face above the minor talus cone is approxi-
mately 55 m.  
 

Talus thickness measurements taken along the minor 
talus cone produce a solid fill volume of 5656 m3.  A 
standard void space correction of 20% (Hinchliffe 
and Simon, 1999) was used to yield a total talus vol-
ume of 4,525 m3.  

Bummer’s Rock

Boulder characterization at Bummer’s Rock reveals 
that the surface cover of the southwest talus field is 
45% boulders, 38% soil and vegetation, and 17% bed-
rock.  Boulder sizes were variable with most inter-
mediate axis measurements falling between 0 and 30 
cm (Fig. 4A);  boulder measurements are plotted in 
relation to the distance from the cliff face (Fig. 4B).  

Figure 4.  Boulder rounding and fracture data for the minor 
talus cone.  A. Boulder size distributions for both metasediment 
and SPG boulders.  B. Boulder size distributions for SPG boulders 
(metasediment boulder data removed).  C. Fracture spacing for 
the SPG cliff face.  D. Plot of boulder size and distance from the 
cliff face.  E. Rose diagram for SPG fracture orientation.  Shown 
are 1% area contours and poles from planes.

Table 1. Rounding data for boulders on and around Bummer’s 
Rock.  Locations (A,B,C, etc.) correlate with location points 
shown in Fig 1b.
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Boulder rounding measurements are displayed with 
the boulder number, location as related to Figure 1, 
visual weathering class, and volume removed from 
boulder due to weathering in cm3 (Table 1).  Boulder 
weathering volumes vary between 5 and 606 cm3.  
The degree of weathering of boulders ranged signifi-
cantly from position to position. 
   
Fracture spacing data was collected along Bummer’s 
Rock cliff face (Fig. 4D).  Fractures within the 
Boulder Creek granodiorite were on average 106 cm 
apart and ranged between 10 and 680 cm. The area 
of the talus field was calculated to be 3,200 m2.  This 
produces an approximate talus volume of 2,560 m3, 
after applying the void space correction.

DISCUSSION

Green Lakes Valley
 
Data collected from both talus fields clearly show 
a correlation between rock type, boulder size, 
and fracture spacing.  Fracture orientations in the 
metasediments above the main talus are dominated 
by one set of near vertical fractures with some 
minor, horizontal fractures.  This one, dominant 
fracture set (Fig. 3E) generates fractures that are 
widely spaced (in most cases greater than 20 cm 
apart).  On the other hand, the SPG displays two 
distinct fracture orientations intersecting at an acute 
angle of approximately 30° and producing fracture 
spacing distance that is significantly less than that of 
the metasediments.
 
This difference in fracture orientation correlates 
with boulder size between the two rock types on the 
talus fields.  The smaller fracture spacing of the SPG 
produces smaller boulders than the widely spaced 
fractures of the metasediments.  The direct link 
between fracture spacing in the two rock types and 
boulder size on the talus cones  indicates that frac-
turing of boulders during rockfall events is not a sig-
nificant control on boulder size.  Boulders generally 
remain the same size after separation from the cliff 
and have not broken into fragments after removal.

In GLV, the lithology of the cliff source does not 

necessarily control the lithology of the boulders in 
the talus below.  The main talus field is below cliffs 
composed entirely of metasediments yet over 48% 
of boulders within the field originate from the SPG, 
suggesting that the SPG must be exposed beneath 
the main talus and has contributed to its develop-
ment in the past.  Some of the SPG material could 
also have been left as morainal material after glacial 
retreat. 
 
A combination of modeling and field observations 
yields talus volumes of 38,000 m3 and 4,525 m3 for 
the major and minor fields, respectively.  These 
volumes, along with the deglaciation date of 12 ka 
(Miriam Duhnforth, University of Colorado, pers. 
comm.) give a minimum rate of talus accumula-
tion of 0.38 m3  per year for the minor talus cone 
and 3.17 m3 per year for the major talus field.  Since 
both cliff faces are the same approximate height (45 
m), comparing the length of the source cliff to talus 
accumulation rate provides a relative rate for both 
talus fields.  Observing the ratio of talus accumula-
tion rate to cliff size reveals that the major talus and 
minor cone produce at relative rates of 0.021 and 
0.007 m3/year per meter of cliff space, respectively. 
This result suggests that the main talus field has ac-
cumulated material at 3x the rate of the minor talus 
cone, indicating that closer fracture spacing within 
the SPG does not result in more talus.  The bigger 
control on talus production is the rock type of the 
cliff source; the metasediment cliff face has larger 
fracture spacing but produces more talus. This could 
be due to weaknesses along pre-existing foliation 
planes.

Bummer’s Rock
 
The talus field along the west slope of Bummer’s 
rock represents a semi-stable talus slope.  Some 
boulders are stabilized by low-lying vegetation while 
others remain loose on the surface.   Approximately 
38% of the talus surface is covered by soil and low-
lying vegetation.  This produces a talus profile that 
is poorly sorted.  The size of boulders is not cor-
related with distance from the cliff face (Fig. 5A), 
in comparison to the strong component of sorting 
observed at the GLV sites (Fig. 3).  The presence of 
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low lying spruce and brush along with sporadic large 
woody vegetation (immature spruce and pine trees) 
at Bummers Rock may help prevent larger boulders 
from reaching the talus tongue where normal trans-
port would carry them.
 
The volume removed from boulders due to weather-
ing does not appear to correlate to boulder location 
(Fig. 5D). Boulder rounding, as expected, is related 

to visual weathering class (Table 1, Fig. 5).  Boul-
ders still in place along the cliff face (Class 1 and 
2 boulders) had lost the least mass.  This indicates 
that boulders in this area weather in–situ. When the 
boulder edges have rounded to a point where they 
cross a threshold, boulders can separate from adja-
cent bedrock and eventually topple.  In some cases 
this toppling event leaves the boulder close to the 
source, less than 1 m in some cases.  Boulders on the 
peak of Bummer’s Rock had 50 to 556 cm3 removed.  
This is comparable to boulders 100 m from the peak, 
which had 95 to 515 cm3 removed.  This shows that 
boulder rounding is not a function of distance trav-
eled from the source.  

CONCLUSIONS

The processes and rates of talus formation can vary 
greatly as a function of climate, rock type, and local 
environment.  In Green Lakes Valley, talus is un-
stable and well-sorted downslope.  Boulder sizes are 
a function of rock type and fracture spacing.  High 
amounts of precipitation and low temperatures com-
bine to widen inherited tectonic fractures through 
freeze/thaw events, producing a talus accumula-
tion rate of ca. 0.38 m3 per year for the minor talus 
cone and 3.17 m3 per year for the major talus field, 
respectively.  Although fracture spacing and orienta-
tion control boulder size, these parameters play a 
small role in the rate of talus accumulation. Some 
other measure of rock strength may control talus ac-
cumulation rates within Green Lakes Valley.
 
At Bummer’s Rock, the rockfall rate is controlled by 
slow weathering and vegetation along the slopes sta-
bilizing the talus, minimizing the downslope sorting 
of boulders.  Lower elevation and precipitation rates 
decrease freeze/thaw action along this peak.  Boul-
ders are subject to weathering in place; as the edges 
begin to round they either “topple” from the cliff 
to the talus field below or simply slump out of their 
original position, remaining along the cliff.  
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