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Abstract 

In considering erosion rate controls, previous work has focused primarily on the geomorphic factors; 

here tectonic controls, particularly seismic shaking, are additionally considered, given the growing 

recognition that earthquakes may play a key role in generating landslides and erosion.  We present new 

cosmogenic radionuclide data from the San Gabriel Mountains, combined with previously published 

data from the San Gabriel and San Bernardino Mountains, to resolve the parameters controlling erosion. 

Statistical analysis of erosion rate parameters reveals that one of the primary erosion rate controls in 

the San Gabriel and San Bernardino Mountains is catchment distance from the San Andreas fault, an 

analog for seismic shaking from the San Andreas fault. We hypothesize that seismically induced erosion 

plays a significant role in the sediment budget of the San Gabriel and San Bernardino Mountains. 

 

Introduction 

Erosion rate controls are studied to better understand the geomorphic, tectonic and atmospheric 

processes influencing orogenesis and landscape formation.  Many techniques exist to calculate erosion 

rate, of which cosmogenic radionuclides (CRNs), low-temperature thermochronometry, and infilling of 

dams and debris basins are most common.  CRN determine erosion rates over 102 – 106 yr timescales 
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using in-situ cosmogenic 10Be concentrations in fluvial and alluvial sediments (Niemi, unpub. data; Binnie 

et al., 2008, Niemi et al., 2005; Granger et al., 1996).  Cosmogenic radionuclide dating is applicable in 

quantifying catchment erosion rates and in assessing the parameters controlling erosion.  Low-

temperature theromchronometric exhumation rates are calculated through apatite (U-Th)/He 

thermochronometry and apatite fission-track (AFT) on million-year timescales (Niemi et al., unpub. 

data).   On decadal timescales, erosion rates are derived from infilling of dam and debris basins (Lavé 

and Burbank, 2004). 

Processes influencing erosion rate include tectonic activity, catchment metrics, climate, bedrock 

erodibility, and stochastic mass-wasting (DiBiase et al., 2010; Niemi et al., unpub. data; Spotila et al., 

2002).  Studies suggest that erosion rate correlates with crustal displacement (Binnie et al., 2008; Binnie 

et al., 2010).  Recent research has revealed the association between landslides and earthquakes, where 

landslide density and the distribution, duration and intensity of earthquake-induced ground shaking are 

linked (Ouimet, 2010; Meunier et al., 2013).  Meunier et al. (2013) finds that, for two Japanese 

earthquakes, there is a link between the distributions of co-seismic landslides and fault slip.  

Additionally, Ouimet (2010) suggests that earthquakes are a parameter controlling erosion rates of 

uplifting mountain ranges.  The role of seismic shaking in erosion rate in the San Gabriel Mountains 

(SGM) and San Bernardino Mountains (SBM) has not yet been studied.  In light of the proposed effects 

of tectonic activity on erosion rate, this study deems catchment distance from the San Andreas fault a 

necessary parameter to consider in constraining erosion rate controls.  We expect erosion rate to 

decrease as catchment distance from the SAF increases. 

The influence of catchment metrics, like area, catchment-mean slope and channel steepness index, 

on erosion rate has been evaluated in previous erosion rate studies in the San Gabriel and San 

Bernardino Mountains.  DiBiase et al. (2010) found no relationship between CRN-derived erosion rate 

and catchment area; however, Niemi et al. (2005) and Yanites et al. (2009) found that CRN-derived 
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erosion rates are highly variable in small catchments and converge to a mean erosion rate at larger 

catchment scales.  Catchment-mean slope and erosion rate have been well studied in the SGM and SBM 

(Spotila et al., 2002; Binnie et al., 2007; DiBiase et al., 2010).  Slope is positively, linearly correlated with 

erosion rate until a threshold slope, after which slope and erosion rate decouple (Binnie et al., 2007; 

DiBiase et al., 2010).  In the SGM, DiBiase et al. (2010) finds the threshold slope to be ~35°, 

corresponding to erosion rates above 300 m/My.  Binnie et al. (2007) finds a threshold slope of ~30° in 

the SBM.   

Uplift, bedrock erodibility, and precipitation are some controls on the topography of river channels.  

Channel steepness index is a metric used to quantify the effects of topography on river channels, and is 

hypothesized to reflect erosion rate (DiBiase et al., 2010).  The channel steepness index is the ratio of 

uplift to erodibility (Perron and Royden, 2012).  Wobus et al. (2006) investigated channel steepness in 

the San Gabriel Mountains, and, although unable to quantify the relationship between uplift and 

erodibility, they confirm that high uplift and exhumation rates trend with high channel steepness 

indices.  Because of the gradient of increasing uplift from west to east in the SGM, channel steepness 

should increase from west to east, agreeing with DiBiase et al. (2010).  In the SBM, channel steepness is 

not a reliable metric because erosion is controlled by stochastic mass-wasting events (DiBiase et al., 

2010), particularly in high relief terrain near the San Andreas fault.  

Precipitation is commonly considered when evaluating the role of climate in erosion rates, but its 

significance is debated.  DiBiase et al. (2010) concludes that precipitation is spatially homogenous 

throughout the SGM, and therefore precipitation is not evaluated as an erosional control.  Binnie et al. 

(2010) found no correlation between precipitation and erosion rate, but established that precipitation is 

needed in order to facilitate sediment transport.  Finally, Spotila et al. (2002) found a strong correlation 

between precipitation and erosion rate in the two ranges, but acknowledged uncertainties in erosion 

rate as caused by the response of vegetation to precipitation, the difference between snow and rainfall, 
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and orographically caused precipitation changes throughout the uplift history.  The quantity of snowfall 

and the elevation of the mean annual snow line are important additional considerations, as snow lowers 

the production of CRNs in bedrock and leads to apparent higher erosion rates (Binnie et al., 2010; 

Schildgen et al., 2005).  

Bedrock erodibility is hypothesized to play a role in erosion rate, where catchments of more easily 

erodible lithologies exhibit higher erosion rates, but this has not been well quantified (Spotila et al., 

2002; Duvall et al., 2004).  Finally, stochastic mass-wasting events, such as bedrock landslides, are 

known to influence erosion rates (Niemi et al., 2005; Niemi et al., unpub. data; Binnie et al., 2010).  For 

small catchments, stochastic mass-wasting events greatly influence erosion rates resolved by CRN.  

Although Binnie et al. (2007) presents reliable CRN-derived erosion rates for catchments as small as 1-3 

km2, it is uncertain whether erosion rates derived from small catchments are indicative of long term 

averages. 

This study employs CRNs from the SGM and SBM to evaluate catchment metrics and tectonic 

activity, attempting to establish the parameters primary controlling erosion rate.  New CRN data from 

the SGM is complied with CRN data from DiBiase et al. (2010) and Binnie et al. (2008), representing one 

of the largest CRN erosion rate datasets. 

 

Geological Setting 

The San Gabriel and San Bernardino Mountains of the central Transverse Ranges in southern 

California straddle Big Bend, a restraining bend of the dextral San Andreas fault (SAF).  The development 

of these ranges is linked to the evolution of the Big Bend of the SAF, the abandonment of the San 

Gabriel fault as the active plate boundary fault, and the establishment of the modern SAF (Powell and 

Weldon, 1992).  Present-day exhumation of the SGM and SBM is a result of compression along Big Bend 

(e.g. Blythe et al., 2002; Blythe et al., 2000).   
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The SBM are bounded by the SAF to the north and the Cucamonga and Sierra Madre thrusts to the 

south.  In the western SGM, over 50% of the north-south shortening is accommodated by strike-slip 

faults, not the thrust systems along the SAF (Walls et al., 1998).  The SGM exhibit a strong west to east 

gradient of increasing uplift and exhumation (Blythe et al., 2002).  The San Bernardino Mountains are 

bound by the SAF to the south and the Northern Frontal System to the north (Binnie et al., 2010).   

The SGM are primarily Proterozoic metamorphic and igneous rocks, and the SBM are Cretaceous 

plutonic rocks.  Previous studies have used the uniformity in lithology and precipitation to isolate relief 

and erosion (e.g. DiBiase et al., 2010).  To a first-order approximation, lithology, and therefore bedrock 

erodibility, can be considered homogenous within the SGM and within the SBM.  However, snow 

shielding and precipitation are proposed to influence erosion rate, but have not been quantified (Binnie 

et al., 2010; Spotila et al., 2002).  Precipitation in the two ranges increases by a factor of about 2 from 

the southern range front to the range crest (Spatial Climate Analysis Services; Minnich, 1986). 

 

Methods 

Cosmogenic Sample Collection, Preparation, and Analysis 

Nathan Niemi collected stream sediment from active channel beds in the San Gabriel 

Mountains.  Samples underwent wet-sieve and heavy liquid separation, and then were etched to yield 

pure quartz separates.  The separates were then processed to remove fluorides, iron, titanium, and 

other contaminants.  The 10Be/9Be ratio was measured by the Scottish Universities Environmental 

Research Centre’s accelerator mass spectrometer; measurements were normalized to a NIST SRM 4325 

standard with an assumed 10Be/9Be ratio of 3.06x10-11. 
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Erosion Rate Synchronization 

This study presents new cosmogenic radionuclide data for the San Gabriel Mountains in 

combination with SGM CRN data from DiBiase et al. (2010) and SBM CRN data from Binnie et al. (2008).  

To compare the erosion rate among the three datasets, erosion rates were recalculated from published 

10Be concentrations and lab specific chemistry standards using the University of Washington’s online 

CRONUS-Earth surface erosion rate calculator version 2.2 (http://hess.ess.washington.edu) (Table 1).  

 

Parameter Estimation 

In ArcGIS version 10, catchment and stream profile data was extracted from a 3 meter resolution 

TOPSAR digital elevation model (DEM) of the San Gabriel Mountains and a 10 meter resolution USGS 

NED DEM of the San Bernardino Mountains.  Catchments for each of the CRN sample locations were 

delineated by first creating a hillshade raster, hydrologically correcting the DEM to remove any aberrant 

sinks or highs, and creating a flow accumulation raster.  Noise in the high resolution SBM DEM may have 

led to artifacts in the DEM, and therefore minor inaccuracies in catchment delineation.  Then the flow 

accumulation raster was used to define the streams, which we chose to define as having a flow 

accumulation of greater than 2500 m2.  A flow direction raster was created and used to define the 

catchments.  Finally, for each catchment, the stream raster was clipped to only include the largest 

stream in each catchment and the upstream length for each of the largest streams was extracted.  For 

each catchment, area, slope, centroid, and elevation statistics were extracted (Table 2).  Figure 1 

displays each catchment colored by erosion rate.   

From the DEMs, we approximated the trace of the SAF through the SGM and SBM, from which the 

perpendicular distance from the catchment centroid to the SAF and the catchment centroid’s parallel 

distance along the SAF were calculated.  These two distance measurements are used as a proxy for 

seismic shaking along the SAF in erosion rate.  
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Mueller Assessing the role of the San Andreas fault in controlling erosion rates
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Figure 1:  A. Hillshade DEM of the San Gabriel Mountains with catchments colored by the log of 
erosion rate.  B. Hillshade DEM of the San Bernardino Mountains with catchments colored by the log 
of erosion rate.  Note the north to south increase in erosion rate. C. Inset map from the USGS.
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Channel Steepness Index 

The stream power model evaluates bedrock river erosion rate as a function of channel slope and 

drainage area: 

∂z
∂t

= U(x, t) − K(x, t)A(x, t)m �
∂z
∂t�

n

 

where z is elevation, x is upstream distance, t is time, U is uplift rate, K is erodibility, A is drainage area, 

and m and n are constants.  To linearize stream profiles, Perron and Royden (2012) transformed the 

stream power equation assuming steady-state topography, uniform uplift, and uniform erodibility: 

𝑧(𝑥) = 𝑧(𝑥𝑏) + �
𝑈
𝐾
�
1
𝑥
𝜒 

where 𝜒 = ∫ � 𝐴
𝐴(𝑥)

�
𝑚
𝑛𝑥

𝑥𝑏
𝑑𝑥, A0 is a reference drainage area, and xb is a base level point.  The stream 

profile transformation reduces the noise seen in typical slope-area analyses, and evaluates river profiles 

independent of catchment area.  Perron and Royden (2012) demonstrate the feasibility of using this 

method to analyze steady-state and transient profiles, and the effects of lithology, climate and tectonics 

on stream profiles. 

The stream power equation linearization is employed to calculate the channel steepness index for 

each catchment in the SGM and SBM.  For each stream profile extracted from this study’s catchments, χ 

was calculated at range of m/n values from zero to one, and then a least-squares regression of elevation 

was performed for each χ value.  Finally, the m/n value with the highest R2 is recorded as the best m/n 

value, and χ for the best m/n value is determined.  The average best m/n value is 0.38, and 0.47 for all 

non-zero best m/n values.  The plot of elevation against χ is known as a chi plot, where the slope of a chi 

plot is the steepness index.  The steepness index, the ratio of uplift, U, to erodibility, K, at the two 

average m/n values, 0.38 and 0.47, is extracted for each river profile.  Figure 2 displays each catchment 
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Figure 2: A. Hillshade DEM of the San Gabriel Mountains with catchments colored by the log of    
channel steepness index for m/n 0.38.  Note the west to east increase in channel steepness rate. 
B. Hillshade DEM of the San Bernardino Mountains with catchments colored by the log of channel 
steepness index for m/n 0.38.  Any trends, or lack thereof, are the same for m/n 0.38 and 0.47.  Note 
the lack of a spatial t end in channel steepness. C. Inset map from the USGS. 
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colored by the channel steepness index for m/n 0.38; any spatial trends, or lack thereof, are the same 

for m/n 0.38 and 0.47.  High channel steepness indices correspond to high uplift and exhumation rates 

(Perron and Royden, 2012; Wobus et al., 2006).  For each stream, the stream profile, the best fit m/n 

plot, and a chi plot is generated (Figure 3, Appendix A). 

 

Statistics Methods 

All statistical analyses are performed using the statistical software R.  The statistical methods used 

for this study are similar to those employed by Lechler and Niemi (2012) in studying the environmental 

controls on isotopes in precipitation.  In considering the factors controlling erosion rates in the SGM and 

SBM, linear fit models were created using these catchment variables: area, minimum elevation, 

maximum elevation, range in elevation, mean elevation, mean slope, mean slope squared, centroid 

latitude, centroid longitude, steepness indices for m/n 0.38 and 0.47, parallel distance from the SAF, and 

four functions of perpendicular distance from the SAF.  In considering the perpendicular distance from 

the SAF, we considered the following four functions: the perpendicular distance, the inverse of 

perpendicular distance, the log of the inverse of perpendicular distance, and the square root of the 

inverse of perpendicular distance.   

Erosion rate is modeled as a linear function of the above variables and the significance of each 

variable is evaluated; statistically significant variables have a p-value less than 0.05.  Dropping the 

statistically insignificant variables from the full model creates subsequent linear fit models.  These 

subsequent linear fit models, referred to as reduced models, are used to evaluate which parameters are 

most influential in controlling erosion rate.  An analysis of variance evaluates whether the reduced 

model successfully replaces the full model.  The full and reduced models are evaluated based on their 

goodness of fit of the model’s predicted erosion rate with the actual erosion rate (Table 3).  There are 8 

full models, varying between the two m/n values and the four perpendicular distance functions.  The 
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Table 3: Actual and Model Predicted Erosion Rates. 

Catchment Actual 
Erosion Rate 

(m/My) 

Full Model 1 
Predicted Erosion 

Rate (m/My) 

Full Model 2 
Predicted Erosion 

Rate (m/My) 

Reduced Model 1 
Predicted Erosion 

Rate (m/My) 

Reduced Model 2 
Predicted Erosion 

Rate (m/My) 
1001 62.51 2957.91 1176.74 242.67 187.30 
1003 58.46 3252.86 1477.38 275.91 217.80 
1005 78.1 3613.83 1841.35 302.59 244.16 
1007 117.39 3811.47 1999.00 268.16 192.87 
1009 79.86 3871.95 2044.05 383.01 339.01 
1011 30.08 3363.12 1594.24 267.08 215.31 
1012 33.38 3174.19 1394.77 414.82 433.98 
1013 85.25 3095.88 1418.70 403.68 562.31 
1014 31.64 3072.38 1356.20 304.21 362.21 
1015 43.31 2832.95 1114.70 255.68 268.55 
1016 36.53 3176.86 1461.38 275.40 313.91 
1017 53.39 2926.88 1194.78 261.59 204.55 
1018 35.43 3073.16 1295.70 352.92 351.28 
1019 14.45 3057.99 1268.92 343.54 352.36 
1020 12.57 3173.34 1422.06 352.12 373.98 
1021 13.99 3297.33 1538.93 348.69 370.61 
1022 18.37 3310.10 1536.74 376.58 412.81 
2001 124.83 2795.06 1032.35 233.80 183.71 
2002 135.57 2946.21 1154.08 158.90 93.05 
2003 96.89 2989.87 1172.75 146.63 47.52 
2004 41.32 3275.94 1444.14 62.29 -53.62 
2005 156.05 3180.45 1433.32 384.86 400.26 
2006 283.22 3348.45 1563.20 525.79 576.20 
2007 289.96 3352.73 1546.59 474.10 505.96 
2008 497.1 3060.98 1286.68 542.11 598.35 
2009 330.72 3128.44 1333.87 392.46 319.39 
2010 860.39 3812.73 2139.42 614.58 584.30 
2011 1063.41 3403.45 1724.67 545.38 600.91 
2012 442.43 3632.03 1915.59 571.20 682.37 
2013 350.43 3289.28 1464.49 57.99 -53.67 
2014 288.98 3354.09 1545.16 65.90 -51.36 
2015 119.84 3585.40 1831.97 387.18 411.68 
2016 174.53 3251.66 1477.15 253.50 222.61 
2017 530.35 3197.92 1325.23 362.28 287.27 
2018 678.48 3546.73 1714.65 471.63 513.20 
2019 856.79 3597.64 1779.21 509.44 583.99 
2020 47.69 3730.54 1917.47 25.81 137.42 
2021 55.69 3767.31 1971.53 35.44 107.60 
2022 82.21 3585.32 1832.49 320.61 325.85 
2023 109.42 3612.41 1837.17 82.60 149.65 
2024 118.55 3499.48 1710.35 110.73 152.62 
2025 151.4 4200.53 2380.30 298.23 212.96 
2026 643.89 3137.43 1438.00 496.39 611.15 
2027 474.82 3025.09 1274.59 478.87 608.05 
2028 235.29 2674.29 927.95 296.60 260.17 
2029 316.03 3142.94 1359.48 321.27 303.80 
2030 388.6 3250.56 1415.64 11.68 -86.35 
2031 432.16 4191.45 2392.98 421.77 415.40 
2032 83.76 4260.39 2436.75 435.74 430.31 
2033 1155.73 3391.12 1658.66 558.31 569.47 
2034 1107.13 3852.96 2153.90 615.98 570.30 
2035 739.45 3588.78 1861.02 571.01 682.01 
2036 1074.76 3718.95 1970.36 562.29 711.88 
2037 293.55 2880.97 1144.84 219.55 191.66 
2038 230.64 2880.97 1144.84 219.55 191.66 
2040 122.22 3638.57 1885.82 25.43 204.17 
2041 346.77 2356.82 701.87 155.86 48.66 
2042 313.29 2432.82 772.42 356.57 408.27 
2043 132.76 3581.21 1827.17 33.40 202.72 
2044 84.89 3972.72 2110.78 236.97 265.74 
2045 693.42 3133.73 1303.39 283.12 192.88 
2046 126.55 3859.18 2027.94 268.79 232.23 
2047 93.85 3889.17 2036.21 229.22 187.10 
2049 158.59 3589.16 1773.11 231.38 189.83 
2050 256.2 3374.42 1585.67 298.85 273.77 
3001 2241.42 4547.60 3082.47 1416.59 1110.48 
3002 2969.58 4742.71 3221.77 1377.48 1380.87 
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Table 3: Actual and Model Predicted Erosion Rates. 

Catchment Actual 
Erosion Rate 

(m/My) 

Full Model 1 
Predicted Erosion 

Rate (m/My) 

Full Model 2 
Predicted Erosion 

Rate (m/My) 

Reduced Model 1 
Predicted Erosion 

Rate (m/My) 

Reduced Model 2 
Predicted Erosion 

Rate (m/My) 
3004 1212.72 4853.43 3413.32 1911.79 1705.96 
3005 1064.18 4569.59 3084.80 1507.76 1634.87 
3006 219.87 3722.83 2287.90 1267.54 854.95 
3008 522.87 4177.86 2556.25 540.90 598.78 
3009 1165.07 4202.76 2527.44 649.97 806.50 
3010 611 4207.08 2480.83 495.13 563.33 
3011 483.21 4175.78 2406.61 443.97 499.53 
3012 163.31 4186.13 2487.66 560.05 659.49 
3013 1496.21 3990.95 2373.68 704.57 833.33 
3014 214.5 4367.89 2609.21 443.05 500.73 
3016 99.51 3215.82 1292.85 -8.20 -238.39 
3017 86.89 3077.81 1170.21 -99.41 -313.58 
3018 145.08 4189.50 2339.81 186.72 161.00 
3019 94.45 3782.52 1936.39 -51.94 12.40 
3020 70.21 4049.53 2224.48 -115.06 194.03 
3021 124.21 3287.14 1369.07 -123.37 -276.66 
3022 52.28 3504.74 1591.08 -270.87 -60.12 
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Figure 3:  A. Stream profile, best fit m/n plot, and chi plot for stream 2005.  B. Stream profile, best fit m/n, 
and chi plot for stream 1011.  The stream profile reveals the knick point in stream 1011.  Plots for all of 
the streams can be found in Appendix A.  
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best reduced models of erosion rate include the fewest variables while still successfully replacing the full 

model; the variables in the best reduced models are the primary controllers of erosion rate. The 

predicted erosion rate is the linear fit model, which is then plotted against the actual erosion rate (Table 

4).  

 

Results 

In the San Gabriel Mountains, we find erosion rates of 12-1155 m/My for 0.1-170 km2 catchments. 

In the San Bernardino Mountains, we find erosion rates of 52-2970 m/My over catchment areas of 0.4-

4.2 km2.  As seen in Figure 1, there is a gradient of increasing erosion rate from north to south in the 

SBM, but no west to east increase in the SGM.  In the west and east SGM, erosion rate is highly variable 

in small catchments but converges to a mean erosion rate, agreeing with Niemi et al. (2005) and Yanites 

et al. (2009) (Figure 4).  As expected, the mean erosion rate for the east SGM is larger than that of the 

west SGM.  All of the catchments in the SBM are small, and therefore highly variable in erosion rate 

(Figure 4).  We find no correlation between erosion rate and catchment elevation (Figures 5).  Erosion 

rate increases with catchment-mean slope until a slope of ~ 30-35o, consistent with threshold slopes 

found by DiBiase et al. (2010) and Binnie et al. (2007) (Figure 6). 

The linearized stream profiles determine the steepness indices of river profiles, as well as reveal 

whether streams are transient or steady-state. The SGM and SBM stream profiles were successfully 

linearized according to the Perron and Royden (2012) methodology (Figure 3A, Appendix A).  The 

channel steepness index, which is the slope of the chi plots, discloses the uplift rate, where higher 

channel steepness indices correspond with faster uplift rates.  Figure 2 reveals a west to east increase in 

channel steepness in the SGM but no spatial trend within the SBM.   

The linear fit models are created to consider catchment metrics and tectonic activity influences on 

erosion rate.  We evaluated whether each variable is significant in predicting erosion rate, and how well 
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Erosion Rate vs Catchment Area

Catchment Area (km2)
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Figure 4: Actual CRN-derived erosion rate (m/My) against catchment area (km2).  Data points are colored 
by catchment location.  The plot sho s no clear relation hip between catchment area and erosion rate.  
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Erosion Rate vs Maximum Elevation
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Figure 5: Actual CRN-derived erosion rate (m/My) against maximum catchment elevation (m).  Data 
points are colored by catchment location.  The plot shows no clear relation hip between maximum catch-
ment elevation and e osion rate.  
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Erosion Rate vs Catchment-Mean Slope

Catchment-Mean Slope (o)
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Figure 6: Actual CRN-derived erosion rate (m/My) against catchment-mean slope (o).  The posiĀve linear 
trend between erosion rate and catchment-mean slope decouples at ~30-35o, consistent with threshold 
slopes found in other studies.  Data points are colored by catchment location
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we can predict erosion rate from catchment metrics and tectonic activity.  For all reduced models, area, 

elevation, and the centroid latitude and longitude are insignificant in modeling erosion rate, statistically 

confirming our results from the plots of catchment area and maximum elevation against erosion rate 

(Figures 4 and 5).  None of the reduced models include channel steepness index at m/n 0.38 or 0.47 

among the significant variables. 

The two best models, reduced model 1 and reduced model 2, have a goodness of fit of 50.0% and 

49.3%, respectively.  The full models, from which these reduced models came, have goodness of fit 

values 21.7% and 29.0% (Table 4).  With the catchment metrics and tectonic parameters considered in 

this study, it is possible to only predict 50.0% of erosion rate, at best.  Reduced model 1 predicts erosion 

rate as a function of catchment-mean slope, parallel distance along the SAF, and the log of the inverse of 

perpendicular distance from the SAF (Figure 7, Table 4).  Reduced model 2 predicts erosion rate as a 

function of catchment-mean slope, catchment-mean slope squared, parallel distance and perpendicular 

distance from the SAF (Figure 8, Table 4).  These two models suggest that the catchment-mean slope 

and catchment distance from the SAF are the main controls on erosion rates in the SGM and SBM.  Both 

of the reduced models under predict erosion rate for the catchments with high erosion rates (Figures 7 

and 8).  

 

Discussion 

The CRN-derived erosion rates from this study are in agreement with previously published SGM and 

SBM erosion rates from CRN, low temperature thermochronometry, and infilling of dams and debris 

basins.   In the SGM, DiBiase et al. (2010) finds CRN-derived erosion rates of 35-1100 m/My, and Niemi 

et al. (unpub. data) finds 130-1260 m/My.  This agrees with the erosion rates inferred from apatite (U-

Th)/He thermochronometry and apatite fission track of 110 m/My in the west SGM and 400-1000 m/My 

in the east SGM (Blythe et al., 2002).  Lavé and Burbank (2004) derive erosion rates of 100-140 m/My in 
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Reduced Model 1: Predicted vs Actual Erosion Rate
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Figure 7: Plot of reduced model 1 predicted against actual erosion rate (m/My).  The goodness of fit is 
50.0%.  The model parameters are listed in Table 4.
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Reduced Model 2: Predicted vs Actual Erosion Rate
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Figure 8:  Plot of reduced model 2 predicted against actual erosion rate (m/My).  The goodness of fit is 
49.3%.  The model parameters are listed in Table 4.
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the west SGM and 300-800 m/My in the east SGM based on infilling of dams and debris basins.  

However, Niemi et al. (unpub. data) argues that the Lavé and Burbank (2004) erosion rates 

underestimate the actual erosion rate due to the unaccounted for effects of wildfires, landslides and soil 

slumps, chemical weathering, and small sediment size of the samples.  In the SBM, Binnie et al. (2007) 

calculates erosion rates of 52-2700 m/My based on CRN.  Using (U-Th)/He and AFT, Spotila et al. (2001) 

determined the SBM exhumed 3-6 km over 1.5 My, consistent with 2000-4000 m/My erosion rates.  In 

conclusion, the CRN-derived erosion rates presented in this study agree with previously published 

erosion rates for the SGM and SBM. 

Through statistical analysis, we find no correlation between erosion rate and catchment area, which 

agrees with DiBiase et al. (2010) (Figure 4).  Additionally, our results agree with Spotila et al. (2002) that 

there is no correlation between erosion rate and elevation (Figure 5).  Our models indicate that 

catchment-mean slope is an important parameter affecting erosion rate.  One of the two best-fit 

reduced models includes mean slope as an important parameter, whereas the other does not (Table 4).  

While our study did not investigate threshold slope, we agree with previous studies that did consider 

erosion rate and threshold slopes in that slope is an important parameter controlling erosion rate 

(Spotila et al., 2002; Binnie et al., 2007; DiBiase et al., 2010) (Figure 6). Both the plot of erosion rate 

against catchment-mean slope and the statistical analyses reveal a significant relationship between 

erosion rate and catchment-mean slope.   

Although channel steepness index increases from west to east in the SGM, it is not a statistically 

significant parameter in either of the reduced models.  This agrees with the results of DiBiase et al. 

(2010), where channel steepness trends with uplift in the SGM, but the dominance of stochastic mass-

wasting events in the SBM makes channel steepness an irrelevant parameter (Figure 2).  The Perron and 

Royden (2012) stream profile transformation makes a few assumptions, such as the spatial homogeneity 

of uplift rate and erodibility within catchments, and steady-state topography.  From the stream profiles 
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and chi plots, the presence of knick points indicates that many of the streams are not in steady-state 

(Figure 3B).  The channel steepness index gradient in the SGM most likely reflects the west to east 

gradient of increasing uplift; however, Perron and Royden (2012) suggest that channel steepness 

indices, as shown in chi plots, may reflect parameters such as bedrock erodibility and precipitation, 

parameters not considered in this study.  Finally, many of the chi plots do not appear to accurately 

represent the stream profile.  We hypothesize that this is a result of deep, narrow channels for which 

the elevation data extracted from the high-resolution DEMs is not consistently reflective of the channel 

but of the height of the channel walls. 

There is a strong correlation between erosion rate and catchment distance from the San Andreas 

fault.  Although Figure 1 reveals a north-south gradient of increasing erosion rate in the SBM, it does not 

reveal a clear increase in SGM erosion rate from west to east.  Nonetheless the statistical analyses 

reveal the significance of catchment distance from the SAF in predicting erosion rate. The reduced 

models establish that parallel distance and the perpendicular distance and the log of the inverse of 

perpendicular distance are necessary parameters in modeling erosion rate.  The best fit model includes 

the log of the inverse of perpendicular distance, designating this perpendicular function as the best 

approximation of the perpendicular parameter.  This study introduces distance from the SAF as a new 

and essential parameter that influences erosion rates in the SGM and SBM. 

With the parameters catchment-mean slope, parallel distance, and a function of perpendicular 

distance, it is possible to predict ~50% of erosion rate.  This study did not evaluate parameters such as 

precipitation and bedrock erodibility.  Stochastic mass-wasting is prominent in the SBM and east SGM, 

and is implicitly considered in this study because soil production is less than 0.3mm/yr, and therefore 

any erosion rate higher than this must include mass wasting (Binnie et al., 2010; Niemi et al., unpub. 

data).  While ~50% of erosion is predicted in our models, high erosion rates are significantly under 

predicted.  None of the models were able to resolve the higher erosion rates.  However, the results of 
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the study explicitly resolve the significance of catchment-mean slope and seismic shaking from the San 

Andreas fault, as approximated by distance from and along the fault, in erosion rate in the SGB and 

SBM. 

 

Conclusion 

 Statistical analysis of the factors controlling erosion rate in the San Gabriel and San Bernardino 

Mountains expose catchment area, elevation, and channel steepness index as not important.  Seismic 

shaking from the San Andreas fault, as approximated by catchment distance along and from the fault, 

and catchment-mean slope are resolved to be the significant erosion rate parameters. 

 More work is needed to resolve the effects of each proposed erosion rate parameter within and 

between the San Gabriel and San Bernardino Mountains.  In the statistical analysis of erosion 

parameters, the San Gabriel and San Bernardino Mountains were considered together.  However, it is 

known that the west SGM, east SGM, and SBM are different in uplift and catchment-dominated 

erosional processes.  Statistical analyses considering these three distinct areas could reveal different 

controls on erosion with variation in uplift and erosional processes.  This study did not consider bedrock 

erodibility, steady-state versus transient rivers, and climatic controls in the statistical analysis and 

modeling of erosion rate, which future work could consider.  Additionally, our channel steepness results 

indicate that channel steepness may correlate with erosion rate and uplift and exhumation trends in the 

San Gabriel Mountains.  Further study in this area may reveal a defined relationship between these 

parameters.  In addition, channel steepness is hypothesized to only be a controlling erosion rate factor 

in catchments not dominated by stochastic mass-wasting events.  The identification and investigation of 

these catchments would advance understanding of channel steepness as an erosion parameter both 

universally and within the San Gabriel and San Bernardino Mountains.  
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 In conclusion, this study finds catchment-mean slope and seismic shaking, as approximated by 

distance from the SAF, to be the significant parameters controlling erosion rate.  Yet additional research 

of all erosion rate parameters is necessary to conclusively resolve their contribution to erosion rate in 

both within the San Gabriel and San Bernardino Mountains and in the broader context of orogenesis and 

landscape formation. 
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