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Hence information from one sample could be extended to long transects and show large/progressive horizontal variations that can't be easily identified from manual work.

Introduction

Outcrops are arguably one of the most important sources of data to study the subsurface geology and the geomorphology of volcanic environments.

Outcrop analysis is essentialfor instance for calibrating several non-destructive methods, such as ground-penetrating radar (GPR), in volcanic environments where data collection can be challenging (Abrams and Sigurdsson, 2007;Cassidy et al., 2009;Courtland et al., 2012;Finizola et al., 2010;Gomez and Lavigne, 2009;Gomez et al., 2008Gomez et al., , 2009Gomez et al., , 2012;;Gomez-Ortiz et al., 2006;Khan et al., 2007). Giaccio et al., 2002).

Despite being a

One potential direction that can be explored is the analysis ofoutcrop surface texture (or surface roughness), which can bea key proxy for environmental processes. This is particularly true in the field of agriculture where surface roughness gives indications on wind deflation, runoff and water absorption, even playing an important part in soil biota and gas exchanges (Vidal Vazquez et al., 2005). Geologists have also used variations of surface texture to characterize different volcanic deposits (Bretaret al., 2013) and the mechanisms of rock fragmentation (Tatone and Grasselli, 2009).Surface texture also controls electromagnetic scattering on a surface and therefore plays an important role in remote sensing interpretation (Beckmann and Spizzichino, 1987). In this paper, we add to the recent research on using remotesensing techniques for outcrop analysis.

Here we explore the question of whether cost-effective remote sensing data acquisition can be used to accurately describe surface texture of volcanic outcrops.

We Robson, 2012;Verhoeven,et al., 2012).

In 

Location

Japan is a volcanic archipelago that seats on the Pacific Ring of Fire and it is arguably one of the most tectonically and volcanically active regions in the world.

Numazawa Volcano is located on the main island of Japan, Honshu, in the western part of Fukushima prefecture and about 50 km from the volcanic front defined by Sugimura (Sugimura, 1960;Yamamoto, 2007;Kataoka et al., 2008). Numazawa

Volcano has developed on the edge of the 

Method

For the present study, a sandy to gravely 

Haar-wavelet decomposition as a tool to study micro-variations

The vertical topography derived from The second algorithm tested with a relative success is the RMS: 
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  photogrammetry based algorithms could help extend the analysis potential from one localized control pointwhere the researcher can sample, measure and describe an outcrop -to a larger area.

  et al., 2013) and terrestrial laser scanning, to describe millimeter to centimeter scale features (Bellianet al., 2005)..Despite important gains in descriptive potential, exploration using these RS techniques has been relatively sparse, most probably because the technical and financial aspects are still prohibitive, and the great majority deals with sub-horizontal surfaces rather than sub-vertical ones (e.g. Heritage and Milan, 2009). Moreover, the contributionsto datedeal mostly with data acquisition and handling rather than obtaining parameters from which one could derive indicators on the nature of the studied materialin an automated manner (e.g.

  order to numerically study the variations of a surface from an ideal general shape, a series of tools are available, spanning from descriptive statistical indicators to more complex fractal-based (Bretard, et al., 2013) and wavelet-based analysis (Gomez, 2012) allowing measures at various scales (Gomez, 2013).During the last 10 years, the use of wavelet analysis in earthsciences has increased concomitantly with the increasing availability of numerical data. It has especially benefited from the study of time-series for the determination of different frequencies and momentums (e.g. Andreoet al., 2006; Partal andKüçük2006; Rossi et al., 2009). Analyses of space-scale data with wavelet -although more scarce in earth-sciencesare also on the rise (e.g. Audet andMareschal, 2007; Booth et al., 2009; Lashermeset al.,2007), eventually following the influence of research in medical imagery, which has been widely using wavelet for topographical analysis for instance (e.g. Langenbucheret al., 2002). Wavelets allow the decomposition of a signal into a set of approximations, which is hierarchically organized in a combination of different scales. Wavelet analyses use a short-term duration wave as a kernel function in an integral transform. There are several types of wavelet, which are named after their inventors: e.g. Morlet wavelet, Meyer wavelet. Based on the shape of the series/function that needs to be analyzed, the appropriate mother wavelet is scaled and translated (is a well-fitted tool for separating spectral components of topography (i.e. working on different scales of a single object), because it gives both the spatial and the spectral resolution.

  Uwaigusa caldera complex(Yamamoto and Komazawa, 2004) to reach a present altitude of 1100 m a.s.l. A 2 km wide and ~100 m deep lake has formed withinthe caldera .Chronologically, thevolcaniclastic deposits generated by Numazawa volcano are:the 110 k.a. Sibahara pyroclastic deposits; the 71 k.aMukuresawa lava dome; the 45 k.aMizunuma pyroclasticflow deposits; the Sozan lava dome of 43 k.a; the Maeyama lava dome of 20 k.a and the Numazawako eruption of 5 k.a (Yamamoto, 2007).Kataoka et al. (2008) have described in details the Numazawako eruption and the geomorphic impacts around the volcano, including the flood terraces in the Tadami river, from which the material used in the present contribution has been extracted (Cf. Fig. 9 in Kataoka et al., 2008). The 290 cm high x 85 cm wide outcrop-peel was extracted from hyperconcentrated-flow deposits with multiple inversely graded bed sets, rich in rounded pumices. The matrix is dominated by coarse sand to pebble size material. The peel is part of a 15 m thick unit that lied on top of debris-flow deposits.

Fig. 3

 3 photographs were taken to maximize the overlap such that features of the outcrop were captured by multiple photographs.

  Fig. 4 Detrending using wavelet.Transformation of the surface 'topography' obtained from Structure From Motion. (a) Orthophotograph constructed from Structure from Motion; (b) Surface variation, the 0 being the perfect vertical; (c) Surface extraction of the vertical transect at the centre of the outcrop; (d) 'topographic' general trend as extracted by Haar wavelet decomposition (Level 7 of a 7 scales decomposition); (e) Combination of the 4 lowest level of wavelet decomposition minus the main trend at level 7 (e = L1+L2+L3+L4-L7). One will note that (b) is only coded to 280 cm height as the upper part also includes the wood

Fig. 5

 5 Fig. 5 Wavelet decomposition of the outcrop at level 1 (out of a 7 levels decomposition using a Haar mother-wavelet). As the lowest level reacts to the shortest variations in space, thisanalysis was performed to detect the microvariations (this lowest level is often considered as the 'white-noise' in signal processing).

  It calculates the root mean square of the squared variation values from an ideal surfacein the present case the detrended surface roughness. The result of the RMS shows the ability of the algorithm to detect and individualize local variations, due here to the presence of the centimeter-scale clast inclusions (Fig. 7-1&2), but it also detects quick variations such as the edge of a layer slightly protruding from the rest of the outcrop (Fig. 7-3).

Fig. 6

 6 Fig. 6 Arithmetic average roughness (R a ) extracted using a 2cm x 2cm moving average detrending, which reduces the effects of large variation on the outcrop. (a & c) R a of coarse sand units; (b & d) R a of coarser sand with gravels and centimetric clasts inclusions; (e) R a of coarse sand with several vertical erosional rill remnants. It is interesting to note that R a did not react to these variations (one will note that the scales of a,c and e are the same but b and d differ in order to display the variations at different scales).

Fig. 7

 7 Fig. 7 RMS or square root of the square of local variation from the entire detrended surface. This index allows finding elements that protrude locally from the surrounding, such as isolated gravels in finer material, etc. The profile (a) is the reconstructed photograph using textured SfM-MVS; the profile (b) is the surface microtopography from an idea vertical; profile (c) is the dvar. On the three profiles box 1,2 and 3 have been drawn for regions of interests (see the text for full comments on these boxes).
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