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* Erosional processes (natural and/or anthropogenic) 
may partly destroy relatively small-sized volcanic 
edifices exposing their internal parts. 
 
•  Digital outcrops: 
 
-  Make possible the study of areas with natural 

access limitations or safety issues. 

-  Facilitate visualization of the entire outcrop, via 
real-time navigation, with optional displays for 
perspective, scale distortions, and attribute 
filtering  

Example of three monogenetic volcanic edifices with their internal structure exposed by 
natural and/or anthropogenic (e.g. quarrying) erosional processes.  

Terrestrial Laser Scanner (TSL) 
is an efficient topographical 
instrumentation used to acquire 
a redundant number of points 
distributed over a physical 
surface.  
 
An optical pulse generated by 
the laser is reflected by the 
target object and returns to the 
system receiver. A high-speed 
counter measures the time of 
flight t from the start pulse to the 
return pulse, which is converted 
to a distance d as follows   
(Petrie	  and	  Toth,	  2008a,b)	  : 
  

d = (c x t) / 2  
 
where c is the speed of light. 
 

a) Location map of the Catalan Volcanic Zone in the context of the European rifts system 
(modified from Martí et al., 2011). b) Simplified geological map of the Catalan Volcanic Zone 
and its surroundings (modified from Guérin et al., 1985).  

Image of the southeast-facing 
scarp of the outcrop under study. A 
synthetic stratigraphic section of 
the Croscat volcano is also 
included (from Martí et al., 2011).  
 

The Croscat volcano is located in La Garrotxa Volcanic 
Field a subzone of the Catalan Volcanic Zone (CVZ) at 
the NE of the Iberian Peninsula. The CVZ hosts the 
greatest concentration of Middle Miocene to recent 
volcanism in the region.  

a) Digital Elevation Model of La Garrotxa 
Volcanic Zone close to Olot city with 
indication of the location and name of the 
main volcanic cones surrounding the 
Croscat volcano. b) Image of the Croscat 
volcano crater and lava flow with the Santa 
Margarida volcano in the background.  

Upper unit: Well stratified to 
thinly laminated, medium to fine 
lapilli size scoria deposit, more 
than ten metres thick that 
contains sparse scoria bombs 
and blocks 
  
Lower unit: Poorly stratified 
coarse lapilli size scoria deposit 
with several scoria bomb beds 
 
Massive spatter and welded 
scoria agglomerate  

a) Principles of laser scanner data acquisition. b) Image of the 
Terrestrial Laser Scanner equipment used for this study indicating also 
the additional components such as the GPS and the digital camera.  
 

Aerial Google Earth image of the Croscat volcano. The extension of the studied outcrop (yellow 
dashed line) and the position of the three scan points (S1-S3) are indicated.  

 Image of the final point cloud once all scans have been merged. 

On March 2012, we carried out a TSL survey consisting of 
eight, partially overlapped, single scans of several millions of 
georeferenced points. These scans were acquired from three 
different positions (S1-S3) and subsequently merged into a 
single reference system.  

Resultant	  cloud	  of	  georeferenced	  points	  

Sketch of the resolution of the different 
DEMs and how they approximate the 
topography.  

Results obtained difference between DEMICC - DEMTSL (in m) for the whole outcrop (a) and specifically for the slope area (b). 
Pink dashed line in a) indicates the area covered by b).  

Methodology: 
 
*From the obtained point 
cloud we create a high-
resolution DEM èDEMTSL 
 
*We compare DEMTSL with 
the 2×2 m resolution DEM 
of the Institut Cartográfic 
d e  C a t a l u n y a I C C 
(Catalan Cartographic 
Institute, http://www.icc.cat 
from 2010) è DEMICC  
 
*Problem: 
Different resolution of the 
D E M s è r e s a m p l e 
D E M T S L t o a 2×2 m 
resolution.  
 
* We align both DEMs 
using as reference the 
metal structures at the 
bottom of the outcrop 
installed by the natural 
park. 

Results: 
 
Negative values along the uppermost southeast wall (II) represent erosion of the 
outcrop wall during the time period 2010-2012. Material eroded from the outcrop 
wall (II) and the upper part of the talus area (III), would have accumulated in some 
parts of the talus as indicated by the positive difference values (IV).  

erosion	   accumula8on	  

*We have demonstrated how Terrestrial Scanners may be a useful tool for studying and characterizing hardly accessible or 
unsafe outcrops.  
 
*We have shown here how the rapidly obtained DEMs are helpful to determine and evaluate the erosion of outcrops , making 
it a fabulous tool for hazard assessing  and land management.  
 
*A correct post-processing of the acquired data allows describing the internal structure of exposed monogenetic volcanoes.  
 
*By comparing high-resolution models from different surveys, it is possible to rapidly estimate morphological variations, 
physical surface changes and mass movement, making this technique a quite efficient system for volcano monitoring. 
 
*Main limitations of this ground-based technique are the existence of shadow areas caused by rugged topography, the huge 
quantity of acquired information and the needed post-processing techniques for filtering and alignment of the data sets. 
  

Images of the scans where the single 
stratigraphic layers and contacts have been 
already identified. Details of the southeast-facing 
(top) and northwester-facing (bottom) sides of 
the outcrop. In the center the whole outcrop. 

Methodology: 
 
*We overlap the obtained point 
c l o u d a n d t h e d i g i t a l 
photographs. 
 
*We use photographs of the 
o u t c r o p a n d p r e v i o u s 
knowledge of the volcano 
stratigraphy (if available) to 
identify the contacts between 
the different depositional units 
and also individual layers. 

Snapshot of the software use for processing the 
obtained data for Croscat volcano.  

La Garrotxa Volcanic Field is characterized by small-sized scoria cones produced during 
monogenetic short-lived eruptions. The Croscat volcano is one of the most representative 
edifices of the northern sector of La Garrotxa Volcanic Field. 

-‐-‐-‐	  erup8ve	  fissure	  

b) 

We show here how digital outcrops obtained via 
Terrestrial Laser Scanner (TSL) methodology are 
useful for: 
 
-describing the internal structure of exposed 
volcanic edifices 
 
- estimate erosion rates and patterns useful for 
hazard assessment or preservation of volcanic 
landscapes.	  

Volcano Capelinhos (Faial Island, Azores, Portugal)	  

El Golfo volcano (Lanzarote Island, Canaries, Spain)	   Croscat volcano (La Garrotxa Volcanic Field, Spain) 	  

(image source: Documentation Centre La Garrotxa 
Volcanic Zone Natural Park, Author: P.Callís).	  

Case	  study	  at	  Croscat	  volcano	  
	  (La	  Garrotxa,	  Spain)	  

Fissural 

Central conduit 
(Strombolian) 
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Results: 
 
*We have illustrated the visible 
contacts and some of the most 
evident layers marked on the 
obtained TSL data point cloud.  
 
*The program allows us to 
extract then the information 
concerning strike and dip of the 
planes. 
 
 


