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Introduction The supporting information includes description of some of the methods, errors, and a derivation of the stream power index not included in the main text. We include a table of field site locations and channel morphology measurements and a table of P wave velocities of core samples, and captions for tables of all of the P wave velocities and Schmidt hammer rebound values that can be found at IUScholarworks data repository.
Text S1. Laboratory Rock Mass Quality Metrics
Tensile strength was measured with a MTS810 with Flex Test SE system 
using the Brazilian splitting method on 45 mm diameter discs with thickness to diameter ratios between 0.5 and 0.6. Core samples taken from depths between 30 and 60 mm. Figure S1 shows the distribution of 16 tensile strength measurements taken for each rock type.

Porosity was measured using the saturation method (Franklin, 1979) 

where  is bulk sample volume,  is water density, and  and  are the saturated and dry weight, respectively. Samples were immersed in water for 1 hr and dried in an oven at 105˚ C for 24 hrs. The bulk volume of the sample was measured measuring by water displacement after coating it with wax.

Slake durability is determined by placing several equally sized samples (in our case ~8 cm3) in a rotating drum made of 2 mm wire mesh and measuring the mass of remaining material in the drum after 200 rotations, equal to one cycle. Slake durability index () was measured using the method of Franklin and Chandra (1972) over four cycles 

Where , , and  are the initial mass of the sample, the final remaining mass of the sample after one cycle, and the mass of the drum, respectively. We report the average mass loss over four cycles as the slake durability index.

Text S2. P wave Velocity Measurements
The P wave velocity of core samples was measured with ‘direct’ transmission using 54 kHz transducers on either end of the cylindrical core. Core samples all had a diameter of 45 mm and ranged between 65 and 130 mm in length. The P wave velocity of in-situ bedrock surfaces was measured with ‘indirect’ transmission (i.e. both transducers coupled to the same surface) using 54 kHz exponential transducers, designed for measurements on rough irregular surfaces. The Pundit PL-200 documentation reports that the ‘indirect’ transmission results in an approximate 5% decrease in the P wave relative to a ‘direct’ transmission. Here we account for this and increase surface measurements by 5%.
P wave velocity variability is affected by temperature, and moisture content. The P wave velocity of rock decreases with higher temperature. The reported P wave velocities are corrected according to the Proceq manual, which recommends no correction from 10 to 30° C, a 1.02 correction for 40° C, and a 1.05 correction for 60° C. Using a handheld infrared thermometer we took three temperature readings per transect and averaged them. The P wave velocity of rock increases with higher moisture content. P wave velocity measurements in the lab were carried out after samples had been oven dried to a constant weight and then cooled to room temperature. P wave velocity measurements in the field were only carried out in dry, hot conditions. As such, we expect moisture contents of any measurement to be very low and contribute negligible error. 

Text S3. Path Depth
Ultrasonic waves follow a direct path along the surface of a homogenous medium because radiating waves travel at uniform velocities in all directions. In a medium that has a gradient of increasing velocity with depth, such as weathered bedrock, the wave path originating at the surface encounters faster wave speeds with depth causing the wave to refract back towards the surface according to Snell’s Law. While we cannot know the path depth of our P wave velocity measurements, we used a simplified layered velocity model to solve for wave paths in various velocity-depth gradients. Using this model we found the arc depth and the apparent velocity of the fastest path for surface transects lengths of 50, 100, 200, and 300mm (Figure S3). Velocity-depth gradients linearly decrease from a fraction of an intact-rock velocity (0.1 to 0.9) to the intact-rock velocity that we chose to be 6 km/s. We also varied the depth of gradients from 50 to 2000 mm. Below the gradient, the P wave velocity is 6 km/s. Longer transect distances, higher gradients in P wave velocity, and shallower depths to fresh rock all tend to force the fastest wave path deeper below the surface (Figures S2A-D). The velocity along arc paths below the surface increases relative to straight paths along the surface for the highest gradients with the shallowest depths (Figure S2E-H). This means that for velocity-depth gradients that increase from 3 km/s to 6 km/s in the upper 200 mm of bedrock, the apparent P wave velocity may underestimate the damage accumulation along the surface.

Text S4. Impact Angle
Bedrock protrusions into the flow can modulate the impingement angle from a direct impact delivering the total particle energy to an impact of essentially no energy when the impingement angle approaches 0° (Figure S3). At each field site we acquired ground-based photography to create a sub-centimeter scale digital elevation models (DEMs) of channel bed topography over areas of ~10 m2 using structure from motion on Agisoft™ Photoscan software. DEMs of bedrock topography were converted to surface normal angles by fitting tangent planes to every point in the DEM over a moving 3x3 pixel window. The ‘surface exposure angle’ is the angle between the surface normal vector and a horizontal plane with upstream as positive and downstream as negative. Surfaces that are the most shielded to the flow of water and sediment have a value of -90° and faces most exposed have a value of 90° (Figure S3a). We estimate impact angle () by subtracting an assumed impingement angle (angle between the incoming particle and a horizontal plane) of 5° from the surface exposure angle. However, surface exposure angles < 0° require further consideration because negative impact angles are not possible. As particles saltate over the downstream side of an obstacle we assume that the impact angle decreases from the impingement angle to 0° (Figure S3b). Thus, impact angles from 5° and -90° are condensed to 5° to 0° with a linear function (Figure S3b). 

Text S5. Derivation of Stream Power Index
Beginning with the postulate that erosion rate (E) is a power law function of shear stress () per unit area 
 (1)
where  and  are coefficients that depend on rock mass quality, sediment loading, and erosion process, and V is water velocity. Under conservation of mass and momentum, velocity (V) is the quotient of discharge (Q) to the cross-sectional area of flow
, (2)
where D and W are the water depth and width respectively. Assuming a linear scaling, Equation 1 can be rearranged as
 (3)
where the stream power per unit area is represented by  (water density),  (gravitational acceleration), Q (water discharge), W (channel width), and S (channel slope). In a landscape where the river incision rate is in equilibrium with uplift rate, streams that flow over different lithologies adjust in slope and width in response to changes in erodibility (kb). The downstream change in discharge (Q) can be expressed as power law relation with drainage area
 (4)
where the coefficients  and c are constants that depend on climate, runoff processes, return period of effective discharge, and basin topology. Thus, the unit stream power can be expressed as
. (5)
Assuming that  is consistent throughout our study area, the ratio in the parentheses contains the variables that should change for different reaches based on both the contributing drainage area and lithologic dependent erosional resistance. This ratio is what we base our normalized stream power index () on. For supply-limited rivers, c is linked to the concavity of the river long profile (Whipple and Tucker, 1999), where c>0, c=0, and c<0 results in concave up, straight, and concave down profiles, respectively.  The rivers in our study area exhibit concave-up profiles, and thus we set c=1 for our reference exponent
. (6)
Equation 6 removes the influence of contributing drainage area on shear stress and allows us to compare the erosional resistance of reaches underlain by different lithologies regardless of the size of the watershed.
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Figure S1. Thin sections 

Figure S2. Contour plots of the arc depth of the fastest wave through various gradients in P wave velocity. The parameters tested included the depth to the un-weathered fresh rock (vertical axis) and the fraction of P wave velocity of the surface rock to the un-weathered fresh rock (horizontal axis). (A through D) Color bars indicate the maximum depth of the arc path through the velocity gradient defined by the axes. (E through H) Color bars indicate the ratio of the P wave velocity along the arc path to the P wave velocity across the surface for the velocity gradient defined by the axes.

Figure S3. Bed topography and impact angle. (A) Surface Exposure angle of a bedrock protrusion. Downstream flow is left to right. Upstream facing surfaces are exposed to bed load impacts and downstream facing surfaces are shielded. (B) Conversion of surface exposure angle to impact angle assuming a 5° impingement angle for all impacts on upstream facing surfaces. Impacts on downstream facing surfaces are converted with a linear function from 5° to 0°.



Table S1. Location of field sites and channel morphology metrics. Drainage area was measured using basin delineation algorithms with ArcGIS software.

Table S2. P wave velocities of core samples. Velocities are in meters per second.

Table S3. P wave velocities of bedrock channel surfaces. The first three characters in the transect ID refer to the field site. The characters after the dash refer to the transect within that field site. P wave values are corrected for indirect measurement and temperature. Surface exposure angles range from 90˚ to -90˚.

Table S4. Schmidt hammer rebound values. The first three characters in the transect ID refer to the field site. The characters after the dash refer to the transect within that field site. Surface exposure angles range from 90˚ to -90˚.
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