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Here, we present a study conducted on a splay of the Mt. Vettore fault system in the central Apennines (Italy),

after a major seismic crisis exposed new portions of the fault in 2016. We have made a highly detailed model

of a section of the fault using SfM photogrammetry, to assess its roughness parameters (i.e. the Hurst fractal

parameter) and to determine the extent to which these parameters are affected by weathering.

The roughness of seismogenic faults is a key element for understanding the seismic cycle.

Earthquakes nucleate at depths that are not physically accessible, so that fault roughness profiles or maps

are generally derived along active Earth’s ruptures at surface and typically used as analogue of the

roughness representative of seismogenic conditions.

Map from Pierantoni et al. (2013), modified and draped over a DEM.
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Photograph of the studied

fault with the location of the

reconstructed model and the

ruler used for scaling the

model. Four zones (i.e.

bands) with different aspect

and color can be recognized.

The direction of the wear

striations (i.e. slip direction)

and the slope direction

(surface runoff-driven erosion)

are also indicated by the blue

and the green arrows,

respectively.

Fault topography acquisition

workflow:

• Field equipment consisted

of a tripod, a camera, and a

ruler for scale.

• The model was built in

Agisoft PhotoScan. The

position of the photographs

and of the scale is

indicated. A dense point

cloud of about 250 million

points was constructed.

(Left) The resulting model is a point cloud of 250 million of vertexes.

(Center) Distance distribution (calculated in CloudCompare) from a plane

of best fit and the point cloud.

(Right) The main surface was divided into 315 sub-areas and analyzed

independently.

Method described in Corradetti et al. (2017)

Data acquisition
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Roughness 

evaluation

Standard deviation is one of the

most commonly used metrics to

describe deviation from the plane

of best fit (i.e. residual distances

or error).

Fault roughness of each sub-area was characterized by the standard deviation of the residual distances from its plane of best fit, and by an

evaluation of self-affinity using a Fourier Power Spectral Density (PSD / Schuster, 1898) approach. These two indicators together can fully

define fracture roughness (e.g. Brown, 1995).

The PSD as a function of the wavenumber (k) in a bi-logarithmic scale graph of a self-

affine function exhibits an apparent linear slope, which is defined from the following

power law

𝑃(𝑘) = 𝛼 ∙ 𝑘−𝛽 (Eq. 1)

where α is the pre-factor and the β is the exponent of the power-law.

This latter parameter (β) is related to the scaling exponent or Hurst exponent (H) along

the direction of the analyzed signal through:

𝐻 = (𝛽 − 1)/2 (Eq. 2)

The self-affinity of a fault is thus defined by the ratio of the Hurst exponent and of the

pre-factor calculated perpendicular and parallel to slip (i.e. Hperp/Hslip and αperp/αslip).

The Fast Fourier Transform (FFT) analysis of each resampled surface was achieved

using a 1D FFT approach (e.g. Renard et al., 2013).

All power spectra associated with each direction of each sub-area (i.e. parallel or

perpendicular to slip) were stacked and averaged in a geometric progression with a

regularly spaced frequency (k). Averaging in geometric progression allowed the

computation of the best fit of the form of Eq. 1 that is not biased by a differential in the

frequency of shorter and longer wavelengths.
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Results (1/2)

After analyzing each sub-area

independently, we have grouped

the results in 4 zones.

SVD results.

(Above) Normalized frequency distribution histogram

of the standard deviation of the residuals for all the

315 sub-models plotted in bins of 0,2 mm each.

Dashed lines are 1000 (normally) randomly

generated values generated using the mean and the

standard deviation of each population

(Below) Cumulative distribution of the standard

deviation of residuals displayed semi-logarithmically.

SVD results filtered of fractured sub-areas showing

the highest densities of large open fractures.

(Above) Normalized frequency distribution

histogram of the standard deviation of the residuals

for the filtered sub-models plotted in bins of 0,1 mm

each.

(Below) Cumulative distribution of the standard

deviation of residuals displayed semi-

logarithmically.

Zones 1 and 2 show a whitish colored cataclastic

slickenside. Zone 1 was freshly exposed and

contaminated with soil at the time of the acquisition. The

smooth cataclastic slickenside is preserved as small

patches within the Zone 3, while weathering has

completely removed it from Zone 4.

© Authors. All rights reserved



PSD results filtered of fractured sub-areas.

Frequency distribution of the Hurst

exponents (left) and pre-factors (right)

ratio calculated between the

perpendicular to slip direction over

those aligned to the slip direction.

Normalized frequency distributions of 

the Hurst exponents along the direction 

of slip (left) and perpendicularly to it 

(right).

Dashed lines represent the normal 

distributions over 1000 randomly 

generated numbers using the mean 

and the standard deviation of each 
population described before.

Normalized frequency distributions of 

the pre-factor along the direction of slip 
(left) and perpendicularly to it (right). 

Results (2/2)
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Conclusions

We have estimated and compared the fault roughness of patches of fault exposed to weathering over different timescales by means of the standard

deviation of the surfaces’ residual distances and by measures of self-affinity.

© Authors. All rights reserved

SfM-MSV photogrammetry has been used here to generate a highly detailed point cloud of an active carbonate fault within the Mt. Vettore fault system

(Italy).

In conclusion we have evidenced that even with active normal faults that are generally considered to represent the best available targets to study

seismogenic roughness at macro to mesoscales, caution must be paid to the relative exposure time of the faulted outcrop analogue.

Results show that weathering modify the value of the fractal parameters. In particular, by independently analyzing different patches of the fault, we have

observed that the smoother and recently exposed portions of the fault have lower values of Hurst exponent and pre-factor.

The fault studied in this work is likely quite isotropic in origin as shown by the clustering around 1 of both Hperp/Hslip and aperp/aslip for Zone 2 (which is the

least weathered and most recently uncovered zone).
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