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Abstract  

Landslide derived boulder mobility in Arroyo Hondo 

By Nick Mason  

 Tectonically active orogens typically produce deeply incised river valleys. 

These deep river valleys create steep valley walls which increase the likelihood of 

slope failure. As landslide deposits fill valleys, rivers can either mobilize the deposits 

or incise new valleys around the landslide toes. Here, I investigate Arroyo Hondo, a 

river in central California’s actively uplifting Diablo Range, a part of the Pacific 

Coast Ranges of Northern California. The Oak Ridge earthflow is a slow-moving 

landslide that has been failing into Arroyo Hondo for at least the last century, 

translating blocks of Franciscan Mélange down into the steep-walled valley below. 

Through remote sensing, field measurements, and hydraulic modeling, I show that 

Arroyo Hondo has steepened its profile due to boulder input at the landslide toe so 

that it is capable of mobilizing the largest grain size fraction (D99) of the deposit. 

These results show that landslide-impacted river reaches, despite receiving extremely 

coarse material from hillslopes, can evolve to move the coarse sediment supply, like 

other alluvial rivers. This point is underscored by the fact that river slopes have 

relaxed below inactive landslides in the field area, suggesting diffusion over time 

from boulder transport. 
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1.0 Introduction 

 River valley depth in tectonically active mountainous regions reflects both 

process and time. Through time, as mountains experience tectonic uplift, rivers incise, 

adjusting their elevation profile to accommodate the relative base level change 

(Whipple, 2004). Uplift imposed on a mountain range increases the potential for 

drainage networks to incise deep river valleys. The deeper a river incises, the steeper 

adjacent valley walls become, resulting in unstable hillslopes and denudation of the 

landscape (Ouimet et al., 2009).  

All materials have a critical threshold for slope depending on their internal 

strength. When a hill slope reaches that internal strength limit, hillslope erosion in the 

form of landslides can result (Montgomery, 2001). Landslides bring massive volumes 

of soil and rock into the river at their base, which can choke the river with sediment 

and potentially change the river’s morphology, elevation profile, and planform 

morphology (Strahler, 1950; Whipple, 2004). Landslides can also act as a negative 

feedback on river incision in response to tectonic uplift (Ouimet et al., 2007), 

potentially arresting river incision in deep bedrock canyons (e.g., Ouimet et al., 2007; 

Korup et al., 2006, Yanites et al., 2010). Despite the importance of landslides to river 

evolution, little is known about the processes governing river response to large lateral 

inputs of coarse sediment. Specifically, how does a river respond to a large lateral 

input of coarse sediment, much of which is coarser than the river is capable of 

moving? Here we test two end-member hypotheses for river response to landslide-

derived input of large sediment input. Do rivers evolve to move landslide debris or is 
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the landslide deposit simply circumvented by the river carving a new canyon into 

bedrock adjacent to the landslide deposit (Ouimet et al., 2007; 2009)? 

To explore these hypotheses, here we focus on an active earthflow in the 

Diablo Range, central California’s Oak Ridge earthflow, which is impinging on an 

incising river, Arroyo Hondo, in a bedrock canyon (Nereson and Finnegan, 2018). 

The earthflow (a slow-moving landslide) in our field site translates Franciscan 

Mélange, a mixture of late Cretaceous accretionary wedge material consisting of a 

clay rich matrix containing blocks of greenstone, blueschist, and metagraywacke 

(Raymond, 2018), into Arroyo Hondo. The resulting landslide deposit is poorly 

sorted, containing material as large as house-sized boulders. It has forced ~20 m of 

aggradation, burying the channel for about 2 km upstream of the landslide (Finnegan 

et al., 2019) 

 Below we employ a combination of high resolution light detection and 

ranging (LiDAR) data, digital ortho photography, and field surveys to quantify in 

detail spatial patterns of river slope and grain size. Our intent is to test whether 

Arroyo Hondo has evolved to move landslide sourced boulders, or if it has incised a 

new gorge around the landslide deposit to re-attain its previous base-level. 

2.0 Background 

2.1 Channel response to landslide input 

Aggradation and erosion of coarse sediment in river channels (and therefore 

channel slope change) is directly linked to changes in sediment mass balance (Exner, 
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1925). For this reason, changes in sediment supply or size should induce changes in 

river slope that will tend to maintain equilibrium between sediment supply or size and 

transport capacity (e.g., Wickert and Schilgden, 2019).  

However, in the case of immobile boulders being input into this channel, the 

feedback described above may not operate. Thus, deposition of landslide debris into a 

narrow river valley, which is particularly prone to landslide blocking (Costa and 

Schuster, 1988), can yield one of two river responses. The first is that the river 

evolves through increasing channel slope, and hence stress, to move the landslide 

material. The second is that the river is so congested with immobile sediment that it is 

diverted around the landslide deposit and preferentially cuts into bedrock instead of 

the extremely coarse landslide deposit. This latter feature is known as an epigenetic 

gorge, and is observable in many tectonically active environments (Ouimet et al., 

2008).  

2.2 Geologic and geomorphic setting 

 The Diablo Range is a northwest-southeast trending 180-mile stretch of 

mountains in central California (Figure 1). They extend from a tidal estuary northeast 

of San Francisco Bay, the Carquinez Strait, to Polonio Pass near the Temblor range in 

southern California. The range has ~1200 m of relief and its highest point is San 

Benito Mountain, standing ~ 1600 m above sea level. The Diablo Range is a 

tectonically active orogen (Dumitru, 1989) between the San Joaquin and Santa Clara 

Valleys.  
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Figure 1. Study site location. Oak Ridge earthflow is located in white box. The Diablo Range is outlined in green.  
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Figure 2. (a) Satellite imagery of the field area with Arroyo Hondo’s stream trace in blue. The yellow dot indicates 

the nearest USGS stream gauging station, the black rectangle borders the Oak Ridge earthflow’s extent, and the 

red stars from right to left are field sampling locations A-D. (b) Hill shade of the same map area overlain with a 

geologic map. Purple represents Franciscan Complex lithologies.  

(a) 

(b) 
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The bedrock in our field area is primarily comprised of Franciscan Complex 

lithologies, accretionary wedge material that was scraped off the down-going Farallon 

Plate (Liu et al., 2008) during Mesozoic to early Cenozoic subduction. These rocks 

experienced considerable deformation and are generally regarded as weak and unable 

to maintain high relief in a tectonically active landscape (Roering et al., 2015; 

Finnegan et al. 2019). The hillslopes we consider are composed of Franciscan 

Mélange, slabs of metagraywacke, metabasalt (greenstone), and blueschist floating in 

a fine-grained clay-rich matrix. When these threshold hillslopes fail, landslide 

deposits fill the narrow valleys beneath with a tremendous amount of sediment (e.g., 

Finnegan et al., 2019). Most of the finer grains are easily mobilized by the rivers but 

as they winnow large boulders remain and some stand alone as pseudo islands in 

rivers completely incapable of moving them (e.g., Finnegan et al., 2019). 

2.3 Oak Ridge Earthflow  

 The Oak Ridge earthflow is a classic hour glass shaped, slow moving 

landslide extending from the top of Oak Ridge to Arroyo Hondo in the valley below. 

It has a branching, lobate source region escarpment with a narrow, hummocky 

transport zone situated between prominent lateral ridges. The Oak Ridge earthflow is 

annually activated by the wet winter season (Nereson and Finnegan, 2019). It extends 

lengthwise for nearly 2 km (1.8 km) and has an estimated volumetric flux of about 

1700 m3/yr (Finnegan et al., 2019). The Oak Ridge earthflow moves through 

Franciscan Mélange, translating blocks of metagraywacke and sandstone as Arroyo 
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Hondo contemporaneously debuttresses its toe. Interferometric synthetic aperture 

radar (InSAR) analysis shows that this is the only active landslide within the Arroyo 

Hondo catchment (Finnegan et al., 2019) although paleo landslide deposits make up 

nearly 4% of the total catchment surface area (Nereson et al., 2013). 

2.4 Arroyo Hondo  

 Arroyo Hondo is a river located in the Diablo range northeast of Milpitas, 

California (Figure 1). It is the accumulation of 200 km2 of high relief terrain within a 

tectonically active mountain range. The high topography of this region, coupled with 

the depth of Arroyo Hondo’s incision (~ 600 m from the bottom of Arroyo Hondo to 

the top of adjacent ridges) has led this mountainous valley to house many landslides 

(Finnegan et al., 2019). The Oak Ridge earthflow, studied here, is the only one 

identified by Finnegan et al. (2019) to be actively deforming and hence depositing 

sediment into Arroyo Hondo. Arroyo Hondo is perennial and has both bedrock and 

alluvial river reaches along its profile. The United States Geological Survey (USGS) 

operates a gauging station in Arroyo Hondo that is approximately 2 km downstream 

of our field site (https://waterdata.usgs.gov/usa/nwis/uv?11173200). Arroyo Hondo 

empties into Calaveras Reservoir, which is impounded by Calaveras Dam. The dam 

was completed initially in 1925 and later replaced in 2019. 
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Figure 3. (a) LiDAR-derived shaded relief map of the Oak Ridge earthflow 

(https://portal.opentopography.org/datasetMetadata?otCollectionID=OT.102019.6339.1) with field sampling sites 

A-C marked by red stars. (b) Elevation long profile of roughly the same stream reach, Oak Ridge earthflow toe 

shown in red (c). Photo of the Oak Ridge earthflow-Arroyo Hondo interface, same location as the long profile 

knickpoint, 2 m-tall human (in the yellow oval) for scale. 

(a) 

(c) 

(b) 
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3.0 Methods  

3.1 Boulder size distribution 

For this study, I utilized an orthorectified photomosaic of the Oak Ridge 

earthflow-Arroyo Hondo interface. The orthorectified image was the result of a 

UNAVCO Mavic Pro drone survey, during which 2,830 photos were collected at a 

flight altitude of 70 meters above ground for the entire Oak Ridge earthflow. This 

survey was georeferenced using fixed Trimble Zephyr 2 antennas (antenna height = 0 

meters) positioned directly over the center of 8 ground control points. Global 

navigation satellite system data was collected on a Trimble NetR8. The images were 

processed using Agisoft Photoscan Professional software. I imported the ortho photo 

of Arroyo Hondo, along the toe of Oak Ridge earthflow, into ArcGIS and projected it 

into NAD 1983 UTM, Zone 10N coordinate system. The imagery has a pixel 

resolution of 3.97 cm, which enabled mapping grain sizes down to 11.2 cm (~ 3 

pixels). Using ArcGIS, I hand-digitized every boulder within the reach shown in 

Figure 4 as a distinct polygon. These polygons represent the vertically projected 

boulder cross-section area. I also hand digitized the thalweg trace of Arroyo Hondo 

within the study area and transformed that thalweg trace into a route using the Create 

Routes tool in ArcGIS. I converted each boulder outline into a point feature so that I 

could reference those points to a distance along the converted thalweg route by using 

the Locate Features Along Routes Tool.  
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Figure 4. (a) UNAVCO Ortho photo containing the reach of Arroyo Hondo that is heavily impacted by deposition 

of Oak Ridge earthflow. (b) Same reach with boulders identified by hand digitization.  

 

(b) 

(a) 



11 
 

Once I had measurements of boulder area and distance along Arroyo Hondo, I 

exported the data to a spreadsheet and converted from polygon area to approximate 

diameter by assuming a circular cross-sectional geometry. I exported that data as a 

text file, imported it into MATLAB, and transformed it into a scatter plot.  

In order to obtain measurements of grain size in areas where overhead cover 

hindered remote sensing, we also employed a Wolman pebble count (Wolman, 1954) 

measuring the intermediate axes of 100 cobbles and boulders in place, at four 

locations (A, B, C, and D), tens to hundreds of meters downstream of the landslide 

toe.  

 

 

Field sampling site A 
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Field sampling site B 

Field sampling site C 
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Figure 5. Field photos taken at sampling locations A - D showing the change in grainsize with distance from 

earthflow toe (photo credit: Noah Finnegan). 

For our pebble counts we assume sand is suspended during floods and therefore do 

not measure grains having a diameter <2 mm. We also restricted our pebble counts to 

locations where we did not see evidence for nearby bedrock hillslope failures (i.e. 

alternate sediment sources). Our intent was to reduce the number of alternate 

sediment sources contributing to our boulder size distribution, isolating Oak Ridge 

earthflow as a point source of sediment input. Treating Oak Ridge earthflow as a 

point source helped us determine what size sediment was mobile and how far it had 

been mobilized. 

Field sampling site D 
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The final element of the boulder size distribution was to predict mobile grain 

size based on Shields equation and a slope dependent critical shear stress, 𝜏∗𝑐
 (Lamb 

et al., 2008).  

𝝉∗𝒄 ≡
𝝉

(𝝆𝒔−𝝆)𝒈𝑫
  (1) 

𝝉∗𝒄
= 𝟎. 𝟏𝟓𝑺𝟎.𝟐𝟓 (2) 

Here we took equation 1, solved for D and input equation 2 from Lamb et al. (2008) 

in order to predict mobile grain size. In these equations, 𝛕 is the mean bed shear 

stress, which can be computed by the depth slope product, ghs, where h is channel 

depth, 𝛒 the density of water, 𝐬 is channel slope, 𝐠 is acceleration due to gravity, 𝛒𝐬 is 

the density of sediment, and 𝐃 is median boulder diameter (D50). τ∗c 
is the critical 

Shields number for sediment motion, which depends on river slope (Lamb et al., 

2008, Lenzi et al., 2006). The depth slope product was calculated using the known 

density of fresh water (1000 kg/m3), an estimated 2-year mean flow depth (1.6 m) 

(Finnegan et al., 2019) based on data from the nearest USGS gauging station 

(https://waterdata.usgs.gov/usa/nwis/uv?11173200), and slope calculations that were 

formulated for every 100 m of Arroyo Hondo’s elevation long profile. Our slope 

calculations were constructed using a NCALM LiDAR DEM 

(https://portal.opentopography.org/datasetMetadata?otCollectionID=OT.102019.6339

.1) to extract elevations along my hand digitized thalweg trace.  
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3.2 Abrasion or selective transport  

In analyzing downstream patterns of grain size in a river, there are two factors 

to consider. First, larger grains are inherently harder to move than smaller grains, 

leading to size selective transport and a tendency for apparent downstream fining 

(e.g., Hoey and Ferguson, 1994). In addition, grains are reduced in diameter as they 

travel downstream through abrasion, which also results in apparent downstream 

fining (e.g., Mueller et al., 2016). In order to differentiate these two effects, I 

employed Sternberg’s (1875) abrasion size reduction equation (eq. 3) to model the 

downstream trends in grain size input from the earthflow due to abrasion alone: 

𝐃 = 𝐃𝐨𝐞−𝐚𝐋 (3) 

where 𝐃 is the final diameter of the abraded sediment, 𝐃𝐨 is the initial grain diameter, 

𝐋 is the distance traveled down river and 𝐚 is the diminution coefficient. The intent of 

this exercise is to differentiate downstream sediment sorting that arises from boulders 

undergoing abrasion as they are transported downstream from boulders that were size 

selectively transported downstream. Data from Bradley (1970; Table 3) provided 

every variable of Sternberg’s equation with the exception of the diminution 

coefficient. This allowed me to algebraically manipulate Sternberg’s equation to 

solve for Bradley’s experimentally derived diminution coefficients: 

𝒂 =
𝐥𝐧 (

𝑫

𝑫𝒐
)

−𝑳
  (4) 
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Bradley successfully isolated abrasion in his abrasion tank experiments, 

therefore, if I use Sternberg’s equation to model a general scenario using his 

diminution coefficients derived for various lithologies and compare to our observed 

downstream patterns of grain size, the resulting plots should inform us as to whether 

abrasion is a key component contributing to boulder size patterns in Arroyo Hondo or 

not. To determine our data’s diminution coefficient, I fit an exponential decay 

trendline to the boulder size distribution, resolving the diminution coefficient. I 

proceeded to model the general scenario which included the same initial grain size 

and distance traveled but with unique diminution coefficients, to see if grain size 

reduction due to isolated abrasion was comparable to our field site. 

4.0 Results  

4.1 Boulder size distribution 

Figure 6 displays three subplots showing the same 2000 m portion of Arroyo 

Hondo’s long profile (Figure 3). The first is Arroyo Hondo’s elevation long profile, 

the second plot shows boulder size data based on field and orthophoto mapping and 

hydraulic calculations. The third plot shows channel slope along profile.  
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Figure 6. (a) Elevation long profile with the location of the Oak Ridge earthflow toe annotated red, (b) Boulder 

size distribution displaying 50th, 84th, and 99th size percentiles of our data. This Figure also includes field 

measured D50 values, median imbricated boulder diameter and our predicted mobile grain size based on a slope 

dependent critical Shields number. (c) Slope profile of the same reach of Arroyo Hondo including reference slopes 

that indicate channel morphology classes from Montgomery and Buffington (1997). 

 

The elevation long profile of Arroyo Hondo shows a prominent knickpoint at the 

location where the Oak Ridge earthflow is actively depositing. I mapped 8,406 

individual grains onto the orthophoto. In Figure 6 we show the 50th (D50), 84th (D84), 

and 99th (D99) percentiles of the mapped boulder population after binning them for 

every 50 m of river. In addition, Figure 6 shows the field-derived median grain size 

from our downstream surveys. While in the field we also identified evidence of 

imbrication in boulders at one location (Figure 7; location A in Figure 3). The median 

size of imbricated boulders, surveyed at that location, is displayed as a purple dot on 

Figure 6.  

 

(c) 

(b) 

(a) 
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Figure 7. Field photos displaying evidence of boulder mobilization in the form of imbrication. Yellow rectangles 

for visual representation of imbrication orientation. 

The blue line on the Figure 6 subplot (b), represents the calculated predicted mobile 

grain size within our field site based on the Shields equation and a slope dependent 

𝜏∗𝑐
. The channel slope subplot is calculated using 100 m segments of the elevation 

long profile. This subplot also displays reference slopes that mark the boundaries of 
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Montgomery and Buffington’s channel morphology classes (Montgomery and 

Buffington, 1997).  

 Figure 6 shows the Oak Ridge earthflow toe collocated with the most 

prominent knickpoint in Arroyo Hondo’s long profile. We also calculate a drastic 

increase in channel slope and hence predicted mobile grain size at the location of the 

earthflow toe. The grain size of our D50 and D84 doesn’t change significantly over 

the extent of the field site. The D99, however, shows a downstream fining pattern that 

emerges as boulder size progressively decreases farther from the earthflow toe. The 

field measured median imbricated boulder diameter also falls onto the D99 fining 

trend. Field measured D50 sample locations are a little farther from the earthflow 

source, and like the D50 and D84, they don’t display a notable change in boulder size 

with distance from the source of deposition. However, the median grain size from 

these three downstream surveys (~ 16 cm) is within a factor of 2 of the median 

mobile grain size (~ 31 cm) calculated for a 2-year recurrence interval flood at the 

USGS gage (Finnegan et al., 2019), which is not directly impacted by landslide 

inputs. Predicted mobile grainsize and our calculated D99 values follow a very 

similar spatial pattern. 

4.2 Abrasion or selective transport  

Figure 8 shows the results of the Sternberg equation-based model for the 

downstream abrasion of various igneous and metamorphic rocks that were 

experimentally abraded using a Kuenan-type abrasion tank (Bradley, 1970). Bradley 
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provided the most comprehensive list of lithologies that underwent this type of 

abrasion tank experimentation. Although our field site contains a variety of 

sedimentary rock types (greywacke, sandstone etc.) there is also an abundance of 

metamorphic rocks (metagraywacke, greenstone, blueschist) making Bradley’s rock 

types good analogs for what we see in the field. The blue line in Figure 8 is based on 

an exponential decay fit of our D99 boulder data, which contains the same general 

model inputs as Bradley’s (𝐃𝐨 & 𝐋) with the exception of the diminution coefficient 

(𝐚), which we solve for.  

 

Figure 8. Boulder size reduction models based on Bradley (1970) and his abrasion tank experiments on granite, 

gneiss, aplite, and pegmatite. 

 

The boulder size-reduction models show experimental data quite similar in 

terms of trend and gradient. However, the trend of our D99 data with distance 
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downstream has a much larger gradient than the downstream gradient range of 

Bradley rock types.  

5.0 Discussion and conclusion  

 Does Arroyo Hondo evolve to move the coarse sediment or does it move 

around the deposit, preferentially cutting into bedrock, creating an epigenetic gorge? 

In the field, I observed no exposures of bedrock at the Arroyo Hondo knickpoint. In 

fact, Arroyo Hondo’s knickpoint is highlighted by a waterfall, a constriction in the 

flow between two massive metagraywacke boulders (not bedrock) that have 

essentially arrested incision at that site. In addition, the elevation of the knickpoint lip 

is coincident in elevation with the boulders that have accumulated to an approximate 

depth of 20 m in Arroyo Hondo’s channel (Figure 3). These observations suggest that 

Arroyo Hondo has not dramatically incised into the landslide deposit, and support the 

interpretation that an epigenetic gorge is not forming currently at this site.  

The D50 and D84 from Figure 6 do not show downstream fining below the 

landslide deposit. This is not the case with the D99, however, which decays 

downstream of the landside toe (Figure 6). The median mobile boulder diameter falls 

in line with the scatter of the D99, suggesting that the D99 is providing a good 

representation of the largest mobile grains on the bed. The D99 also tracks well with 

predicted mobile grain size, which suggests that the D99-size clasts may be mobile on 

geologic timescales.  



22 
 

Results shown in Figure 8 suggest that abrasion alone is unlikely to explain 

the observed reduction in boulder diameter within Arroyo Hondo. Boulders in Arroyo 

Hondo decrease in size over a much shorter distance than what is predicted from 

abrasion experiments of similarly competent bedrock. This leads us to the 

interpretation that the downstream fining signal is principally driven by size selective 

transport of boulders. In other words, larger boulders concentrate at the toe of the 

landslide relative to smaller ones. 

 Notably, Finnegan et al. (2019) argued that boulders input into Arroyo Hondo 

are immobile in the channel. However, they neglected to consider the role that 

channel aggradation and river steepening might play in allowing the river to evolve to 

move coarse debris. The fact that channel slope (and hence predicted mobile grain 

size) track so closely with the largest boulders in the channel (Figure 6) suggests that 

the river is steepening through aggradation and hence evolving, like an alluvial river, 

to transport boulders input by the earthflow. This interpretation is supported by 

observations of imbricated boulders up to 0.94 m in diameter, which demonstrates 

that the river is capable of transporting large landslide debris in this setting. 
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Figure 9. (a) Arroyo Hondo (b) Alameda Creek (top) Elevation long profile, red segments indicate mapped 

landslides along river profile. (bottom) Channel slope calculated for 30 m segments based on the elevation long 

profile. After Finnegan et al. (2019) 

 Figure 9 displays long profiles of Arroyo Hondo and Alameda Creek; 

Alameda Creek flows in the adjacent catchment, north of Oak Ridge with a similar 

drainage area (185 km2) and is heavily landslide impacted as well. Figure 9 also 

shows plots of channel slope calculated over 30 m intervals for both streams. Both 

rivers are much steeper at the locations where landslides are impinging on their 

(a) 

(b) 
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channel, which generally supports the inference that these rivers are evolving to 

maintain a steep channel slope in order to move the largest debris within the landslide 

deposit. A further test of this inference comes from considering what would happen if 

the Oak Ridge earthflow stops supplying material into Arroyo Hondo. The slope 

wouldn’t immediately change, which would result in Arroyo Hondo’s continued 

transportation of large material downstream. Without being replenished by the 

earthflow above, the prominent knickpoint now observable in long profile (Figure 6) 

would begin to slowly diffuse over geologic time. Figure 9 shows Arroyo Hondo’s 

Oak Ridge earthflow creating the steepest knickpoint of the two river profiles by a 

factor of 2. All the other knickpoints are collocated with older, inactive landslide 

deposits, and we see a greater amount of apparent knickpoint diffusion at those sites. 

Indeed, at no other location along the rivers’ long profiles are the knickpoints as steep 

as they are at Oak Ridge earthflow. Taken together, these observations further support 

the inference that these channels are evolving to operate like alluvial rivers in that 

they are steepening to move boulders that are supplied to them, and they continue 

operating that way after deposition by the earthflows halt. This results in the slow 

diffusion of knickpoints at inactive landslides (Figure 9). 

 Primary sources of error for this study come from our predicted mobile grain 

size (D50, Figure 6). This calculation includes an estimated 2-year mean flow depth 

(Finnegan et al., 2019) that was calculated using the closest USGS gauging station, 

approximately 2 km downstream of our field site. That flow depth is a source for 

error because our field site displays a much more constricted hydraulic geometry than 
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the gauging station location, which implies an underestimated mobile grainsize. 

However, channel roughness increases at the knickpoint due to the stationary 

boulders, which decreases shear stress imparted on bedload. Both of these factors are 

important sources of error but at this time it is unclear which is the more dominant 

with respect to calculations made in this study. 

The Oak Ridge earthflow’s impact on Arroyo Hondo is substantial, it 

continues to deposit into Arroyo Hondo and essentially resets Montgomery and 

Buffington’s (1997) defined channel morphologies back to one of a headwater or 

Boulder cascade. The implications of this reset are important when considering a 

mountainous stream in a tectonically active environment because it is no longer 

appropriate to assume a “typical” downstream trend in river morphology where large 

landslides are active. Rather, the retention of boulders at the toe of landslides appears 

to reset channel reach morphology to what is typically associated with headwater 

streams. Sternberg’s equation helped us determine that while these boulders appear to 

be moving, boulder size reduction via abrasion alone is likely not the primary driver 

behind mobilization. Rather, in the vicinity of active landslides, coarse sediment 

transport is strongly size selective, which is to be expected given the fact that the 

largest grains input by the landslide are immobile. 

The process of sediment impoundment and aggradation upstream of the 

deposit creates a dramatic knickpoint which increases shear stress imposed on the 

boulders. Arroyo Hondo’s steepened profile in conjunction with high flow events, 

ultimately allows for boulder mobilization. Arroyo Hondo is not incising an 
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epigenetic gorge, the Oak Ridge earthflow deposit is slowly being mobilized by an 

increase in shear stress, the result of a steepened Arroyo Hondo profile. This study 

has important implications for river restoration projects in mountainous fluvial 

networks, as these rivers may not follow “typical” morphology classification change 

downstream and reservoir sedimentation, since material thought to be immobile in 

some landslide impacted basins can be mobile. Once these deposits are mobilized, 

they are slowly transported downstream, but more importantly they release a massive 

volume of sediment that was locked in storage upstream of the deposit which needs to 

be taken into account when calculating reservoir sedimentation through time. 
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