
Performing submarine field survey without scuba gear 
using GIS-like mapping in a Virtual Reality 

environment. 

Jérémy Billant  
Université Côte d'Azur, CNRS, 
Observatoire de la Côte d'Azur, 

IRD, Géoazur 
Valbonne, France 

jeremy.billant@geoazur.unice.fr 

Júlia Bozzinio 
University of Girona 

Girona, Spain 
jbozzinobastit@gmail.com 

Frédérique Leclerc 
Université Côte d'Azur, CNRS, 
Observatoire de la Côte d'Azur, 

IRD, Géoazur 
Valbonne, France 

leclerc@geoazur.unice.fr 

Javier Escartin 
IPGP CNRS UMR 7154 

Paris, France 
escartin@ipgp.fr  

Nuno Gracias 
University of Girona 

Girona, Spain 
ngracias@eia.udg.edu 

Klemen Istenic 
University of Girona 

Girona, Spain 
klemen.istenic@gmail.com 

Aurelien Arnaubec 
Ifremer 

La Seyne-sur-Mer, France 
aurelien.arnaubec@ifremer.fr 

Rafael Garcia 
University of Girona 

Girona, Spain 
rafa@silver.udg.edu 

Abstract— Geomorphological and geological studies of the 
seafloor benefit today from both ROV exploration and from 
acquisition of high resolution bathymetric data. Although both 
represent significant improvements to study submarine domains, 
the understanding of the studied objects is made more difficult 
than on land given the limited visual perception provided by the 
ROV camera due to the attenuation of light in the water and the 
need to use artificial illumination. Likewise, mapping can be 
performed using GIS software for digital elevation models and its 
derivatives (e.g. slope or shade raster), mostly in a 2D map view 
only. So, the submarine studies lack the field survey stage 
performed in classical onshore works that allows clear 
visualization and appreciation of the studied objects. 

Our aim is to develop a solution allowing the visualization of 
Digital Elevation Models (DEM) and 3D models derived from 
Structure-from-Motion (SfM) within a virtual reality 
environment, and to use these data for geomorphological and 
geological analysis. For this, we use an Oculus Rift headset, Touch 
controllers, and the Unity game engine, with GIS-like interaction 
capabilities. 

The free and open Unity package that we are developing 
allows, at this stage, data visualization and working at a 1:1 scale 
in a georeferenced system. The user can therefore move freely 
within a 3D immersive environment that includes custom 
topographic data. For quantitative observations, we develop tools 
(ruler, compass) allowing measurements similar to those 
performed during geomorphological or geological field work. We 
also add the possibility to map objects. Digitizing in 3D is achieved 
with a laser pointed towards the data, providing great precision. 
The user can thus create pseudo shapefiles using the same three 
graphic primitives, and that are compatible with standard GIS 
software. Beside these functionalities, we also implement a spatial 
user interface displaying help and information and a teleportation 
tool preventing motion sickness. 

The users that have tested this solution are enthusiastic and 
agree that it helps to better appreciate and understand the shape 

and geometry of the studied objects. It was also used to present 
and explain 3D models of outcrops to master students. Further 
developments will port the solution for other headsets, facilitate 
the data import (e.g., standard file formats for 3D objects and 
DEMs), create and manage of multiple layers of shapefiles, and 
include multiplayer online gaming capabilities to allow remote co-
working with colleague(s) at other distant locations, or a whole 
classroom. 

Keywords—Virtual Reality, GIS, Geosciences 

I. INTRODUCTION

The recent advances in data acquisition (aerial imagery, 
multibeam bathymetry, Lidar, and photogrammetry) produce 
increasingly accurate models of our environment, that can reach 
millimeter resolution. The Earth sciences based on 
topographical analyses benefit significantly from these 
improvements, and detailed and accurate mapping of natural 
objects can now be performed from a desktop using GIS 
software. The usefulness of the analyses made using these 
existing tools is not contested, but even if several software 
propose 3D data visualization, the view through a screen cannot 
offer the same appreciation than direct observation of the scale, 
shape, and geometry of the studied objects, and of the spatial 
relationships between them for a qualitative survey. Offshore 
studies are particularly affected by these limitations. Indeed, 
regional-scale analyses can only be performed using indirect 
observations (multibeam bathymetry, backscatter and side-scan 
sonar imagery) whereas high-resolution observations are 
performed using Remotely Operated Vehicles (ROV) mounted 
with cameras that can only offer a limited and narrow view field 
due to the lack of ambient light, in addition to other constraints 
(e.g., turbidity, backscatter). Although SfM techniques are now 
frequently applied to ROV videos and make it possible to create 
tens meter wide 3D models of submarine structures and outcrops 
[1][2], our appreciation of these objects is still limited by the 2D-
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3D visualization we can make of them through a computer 
screen.  

Developed for the first time within the 70s at the Utah 
University by Daniel Vickers [3], the R&D of the Virtual Reality 
(VR) was then and is still nowadays mainly supported by and 
used in the videogame industry. However, the potential of the 
VR for research and teaching was noted by numerous 
researchers [4][5][6] including geoscientists [7][8][9][10][11]. 
Currently, one of the most advanced project using VR for 
geosciences is the Keckcaves which already proposed useful 
tools for mapping [12] and Lidar data processing [13]. However, 
visualization at a 1:1 scale is missing within these solutions and 
they were limited to the use of whole dedicated room until recent 
upgrade. 

Despite the keen interest of the geosciences community for 
the virtual reality, no free tool is yet available that allows to 
import data from different sources, with standard DEM digital 
formats, and to map the objects within a VR environment at the 
user scale, using a VR headset, and export the mapping results 
for further analysis. Therefore, we initiated the development of 
a new solution presented hereafter in order to facilitate 
topographic data analysis from any sources. 

II. SETUP 

A. Hardware 

We choose to develop our solution for the Oculus Rift (Fig. 
1) and Oculus Rift S because those virtual reality headsets 
provide a good performance for their relatively affordable cost 
and are associated with controllers that can offer many 
possibilities for our purpose. Both headsets are equipped with a 
tracking system (Fig. 1) allowing movement with 6 degrees of 
freedom which means that translations and rotations of the 
headset within the real world can be reproduced within the 
virtual environment. The Touch controllers (one for each hand, 
Fig. 1) are tracked the same way, which means that position and 
rotation of the user’s hands can also be reproduced within the 
virtual environment. Controllers both contain one clickable 
thumbstick, three buttons and two triggers (i.e. a button sending 
an input depending on how far the user pressed in) allowing a 
wide range of interactions at each moment of the utilization of 
the software. 

Because virtual reality implies to render a 3D scene twice 
(one per eye), the user’s computer needs sufficient 
specifications. According with the manufacturer of the Oculus 
Rift, minimum specifications are a NVIDIA GTX 1050Ti GPU, 
an Intel Core i3-6100 CPU and 8 GB of RAM. However, in our 
case, we want to render heavy datasets (DEM and 3D models 
with resolution of a few decimeter and millimeter respectively) 
without degrading the data and losing precision, which implies 
that this configuration is insufficient. For example, despite the 
use of a computer with better CPU (Intel Xeon E3-1505M v6), 
better GPU (Radeon Pro WX 7100 Graphics) and four times 
more RAM, we still experience slow-down for the heaviest 3D 
models. Consequently, we recommend the use of a higher 
performance computer to take full advantage of the software we 
are developing and presenting below. 

B. Software and data importation 

We develop our solution using the Unity game engine 
(http://unity.com/). It is a software-development environment 
used to create video games. We use a game engine as it provides 
already the tools and pipelines dedicated to the rendering, 
physics networking, and memory management, and therefore 
allows focusing on the development of the wanted 
functionalities. The Unity game engine has the advantage of 
being user-friendly, allowing the development of new 
functionalities using personal C# scripts, while benefitting from 
a large user community sharing information. Moreover, Oculus 
provides tools and packages allowing quick integration of the 
Oculus Rift within Unity. 

Currently, the topographic data are imported within Unity as 
a mesh; raster data are converted to mesh using ad-hoc scripts, 
and compiled via Unity together with the GIS-like tools we 
developed. One should note that the Unity game engine uses 16-
bit mesh buffers and 32 bit floats. This means that one single 
mesh cannot be composed of more than ~64k vertexes and that 
coordinates of the objects can only have seven significant digits 
leading to round coordinates when using true geographic 
coordinates (projected or not). To counter these limitations, 
>64k vertexes meshes are split in smaller parts and data are 
shifted to be centered on the game engine coordinates origin. 
This offset is recorded inside a local file in order to correct the 
coordinates within the software in real time. A future version of 
our solution will avoid this preparation stage (see Ongoing 
development). 

III. CURRENT FUNCTIONNALITIES 

A. Visualization and user interface 

Our solution allows the visualization of 3D models and 
topographic data at a 1:1 scale in a 3D immersive environment 
(Fig. 2). This way, the user can fully appreciate the scale, shape 
and geometry of the studied objects as well as their spatial 
relationships (e.g. following a tilted discontinuous feature along 
a relief). 

 
Fig. 1. Oculus Rift headset with two sensors used for localization and the 

two Oculous touch controllers. The Oculus Rift S is similar except 
that it use embed camera for headset localization instead of external 
sensors. 



Within the software, the user has an avatar which allows 
displaying his/her hands and the controllers that he is holding. 
Controls related to each thumbstick, buttons and triggers are also 
displayed in real time (Fig. 2A) which allows new users to easily 
use the software. A more detailed explanation about the usage 
of the tools is also displayed when they are activated. 

B. Navigation and localization help 

The user can move freely within the environment using the 
two thumbsticks. Controls are similar to those found in video 
games. When on the ground, the left thumbstick allows walking 
frontward, backward and on the side, whereas the right one 
allows clockwise and anticlockwise rotation. By clicking on the 
right thumbstick, the fly is activated and the users can also move 
freely upward and downward using the right thumbstick. 
Finally, one trigger button manages the multiplication factor 
applied to the initial velocity and so permits acceleration in order 
to cover long distances.  

One of the main problems with virtual reality is motion 
sickness that some users may feel when they are moving within 
the virtual environment. In order to prevent this, we added a 
teleportation functionality. When activated, the user points the 
controller toward a position of the environment, and is then 
teleported to this place by pressing a trigger (Fig. 2B). Such a 
movement does not trigger motion sickness because there is not 
a different signal between the eyes and the inner ears. 

Navigating in a huge dataset environment can result in 
similar problems as those found while performing a true field 
survey: the user can be lost or disoriented. We so implemented 
a quick compass (Fig. 2C) that the user can consult by looking 
at its watch as well as a map, that can be consulted throughout 
the menu and that indicates its position within the environment 
(Fig. 2D). 

 
Fig. 2. A-Controls display. B-Teleportation tool. C-Quick compass view. D-Menu with tool’ selection and localisation map. E-Coordinates Picking. F-Ruler. 

G-Plane and line measurement tool. 



C. Measurements 

Three measurement tools are currently implemented. These 
tools use a virtual laser pointer commanded by the user hand that 
permits to point toward the object of interest. The intersection 
between the laser and the object can then be used to select a point 
(by pressing left trigger) on the topographic data, as it would be 
done with a mouse in standard GIS software.  

The first tool simply permits to quickly access a point’s 
coordinates and elevation (Fig. 2E). 

The second tool is a ruler. The user selects two points 
between which the total distance as well the distances along each 
Cartesian axis and projected on the xy, xz and yz planes (Fig. 
2F). 

The third and last tool allows measuring strike (azimuth of a 
horizontal line within the plane dipping rightward) and dip 
(angle between top of the plane and the horizontal) of a plane 
and/or trend of a line (Fig. 2G). These measurements constitute 
the basic but fundamental measurements geologists are 
performing in the field in order to describe geological objects in 
space. To measure planes, the user selects three points on it, 
clockwise in order to orient the normal to the plane. For the 
trend, two points are needed, the first one being the origin and 
the second one defining the direction of the line. If both a plane 
and a line are identified (e.g. a fault plane presenting striae, or a 
foliation presenting a lineation) they can be measured and 
associated, and a rake is also computed (signed value indicating 
pitch and direction of movement within a plane) which defines 
a whole fault kinematics measurement for instance. Finally, an 
attribute (like a name, or ID) can be added to the measurements, 
like in the mapping functionalities (see below). 

D. Mapping 

Mapping is made the same way that it is done within a GIS 
software (Fig. 3). First, the user selects the graphic primitive that 
he wants to use, i.e. 3D point, 3D line or 3D polygon. Then he 
can select a point or several nodes to form lines or polygons 
using the same laser pointer used in the measurement tools (Fig. 
3A). When the definition of the geometry is finished, and 
validated by the user, a virtual keyboard (open and free VRKeys 
asset by The Campfire Union) is displayed and permits to add 
an attribute value to the shape (e.g. name, ID, Fig. 3B). Then, 
the created features can be deleted or edited by modifying node’s 
position. 3D geometries associated with their attribute (Fig. 3C) 
can be saved as three different files, one per graphic primitive 
(Fig. 3D). 

E. Data export and compatibility with GIS software 

The software generates four CSV files: one for each 3D 
geometry and one for plane and line orientation measurements. 
The point, line and polygon CSV files embed geometries in Well 
Known Text (WKT) format within the true coordinate system of 
the dataset and the attribute value is saved as a text field. This 
format permits the user to read and write on the dataset within a 
standard GIS software (Fig. 3D). 

The plane and line measurement file also embed a WKT 
geometry (3D point, coordinates of the first plane’s vertex or of 
the first line’s vertex) and an attribute value. However, each 
measurement is also associated with the strike, dip, trend and 

rake values as well as an additional geometry field defining the 
geometry of the plane and line for their reconstruction within the 
VR environment. These files are also readable and writable 
within a GIS software. However, editing them will not allow 
modifying geometry fields dedicated to VR, therefore 
modifications will not be visible within the VR environment. 
The main purpose of this file is to export the measurements to 
fault kinematics plotting and inversion software. 

 
Fig. 3. A-Features drawing. B-Virtual keyboard for attribute’s input. C-

Interrogation and selection of an existing feature. D- Data from VR 
mapping opened within QGIS. 



IV. USE CASES 

A. Research 

We present thereafter an ongoing study in which our 
software is used and in which classic survey is difficult to 
perform. 

The 40 km long submarine normal Roseau Fault is 
responsible for the Mw6.3 2004 earthquake that damaged Les 
Saintes archipelago [14][15][16] in Guadeloupe (French West 
Indies). This earthquake triggered a 3.5 m run-up tsunami that 
flooded the nearby island coasts [14][17][17] indicating that the 
rupture reached and offset the seafloor. A first survey in 2013 
(ODEMAR cruise [18]) operating an ROV (Victor 6000, 
Ifremer) documented a vertical coseismic displacement of 0.9 m 
at one site, as well as near-fault hangingwall cracking [19]. The 
Subsaintes survey (2017) [20] was therefore performed to 
acquire high resolution (1m) multibeam bathymetry data over 
the cumulative scarp, and systematic video surveys along the 
scarp base in order to fully characterize the surface rupture of 
this submarine earthquake. Videos were used to build 3D 
models of outcrops with millimeter resolution using 
photogrammetry.  

In this study, we mapped this rich dataset in the VR 
environment using the tools we have developed (e.g. Fig. 2 & 
3). In the 3D models, we identified and mapped the top and base 
of the coseismic ribbon (part of the fault scarp uplifted by the 
vertical displacement generated during the earthquake) visible 
at the base of the cumulative fault scarp. Mapping was 
performed with the laser tool, as 3D lines. By exporting the 3D 
lines, we were able to constrain the coseismic slip vector in 
several places along the fault [21]. The 3D visualization of the 
outcrops in VR allowed us to detect visually other markers of 
vertical offset, above the coseismic ribbon, witnessing the past 
few earthquakes. We also imported the high-resolution 
multibeam bathymetry, in order to analyze the morphology of 
the cumulative scarp and we mapped several features (dejection 
fans as polygons, canyons or scarps as lines), some of them are 
related to mid-term seismic cycle.  

The complete analysis of this rich dataset, facilitated by the 
use of VR, will allow us investigating the rupture history and 
scarp evolution of the fault over different timescales. 

These first uses of our software reveal that this solution has 
several advantages compared to standard 3D visualization or 
GIS software. The navigation on/around the dataset is fluent and 
data can be observed easily at different scales and angles. 
Moreover, morphological mapping is always a tricky task within 
GIS software because the user maps mainly slope breaks 
identified using shaded DEM, slope raster and/or contour levels. 
Within VR, the slope breaks are clearly visible and our mapping 
tools allows to easily point and map them. Finally, it permits 
analyses that approach those performed during field surveys 
even in areas that are unattainable otherwise. 

B. Teaching 

We used our software to present the coseismic rupture of the 
Roseau fault to Master students of the Université Côte d’Azur 
Master program 3G, in the framework of a class of Active 
Tectonics. The first obvious advantage is that in some areas like 

metropolitan France that deforms at very slow strain rate [22], it 
is quite unlikely that a student can see during his/her university 
course a real coseismic rupture. Here, it was possible to present 
different morphologies of the rupture (fault plane with coseismic 
ribbon, opening cracks, scarp on top of a blind fault) and several 
markers of slip on the fault (coating on the fault plane, striae and 
corrugations) and to discuss with them as if we were in the field. 

These data were first presented through a classical medium 
(photographs within powerpoint presentation), then the students 
were invited to investigate the outcrop with the VR. A large part 
of the students admitted during the VR visualization that they 
did not think that the coseismic slip could be that high (it is 
locally >2 m), and that the fault scarp could be that vertical. This 
kind of comments indicates that physical values presented or 
indicated on figures remain quite abstract as long as they are not 
directly observed. Therefore, VR can be very useful to help the 
students appreciate geological objects that cannot be directly 
observed in the field. Furthermore, VR can be developed in 
many ways for teaching purposes. 

V. ONGOING DEVELOPMENT 

The current version of our solution is already functional and 
allows performing morphological and geological analysis 
routinely. However, we are still developing several 
functionalities that we consider necessary to get a more 
functional and user friendly software. 

The first is to take advantage of the online gaming facility 
provided by the game engine to allow colleagues working 
together on the same dataset. Indeed, using a VR headset implies 
that only one user on the workplace can benefit of the VR 
environment even if his colleagues can watch what was he is 
seeing on the computer’s screen. Such functionality will have 
two important advantages. It will allow collaborative work 
among colleagues even when some participants are remotely 
located (group telepresence). It will also allow engaging a whole 
classroom to perform virtual field courses and training. 

Also, we plan to facilitate data importation by scripting the 
current data import process which will remove the need to use 
the Unity game engine for the user. This import facility should 
cover some of the standard and better used file formats (e.g., grd, 
geotiff, etc). Moreover, the user will be able to choose to display 
or not some data, as it is done in standard GIS software, as well 
as to create and manage several pseudo-shapefile layers with 
custom attribute values. 

Concerning the user experience, we plan to add left-handed 
controls and the possibility to reduce the field of view by 
masking peripheral vision during movement in order to limit 
motion sickness. Indeed, although teleportation is already 
implemented, this solution cannot be applied if the user is flying 
and/or need to move over a long distance. The field of view 
reduction is a technique already implemented in several VR 
applications (e.g. Google Earth VR) which seems efficient [23]. 

Finally, the software will be ported to at least one different 
platform, such as the upcoming Valve Index headset. This 
headset will be complemented by the addition of two Knuckles 
controllers which offer as many inputs as the Oculus touch 
controllers.  



VI. CONCLUSION 

While recent development of techniques allows imaging the 
Earth and planets’ surfaces (even the seafloor) and calculating 
digital elevation surfaces, the development of VR facilities can 
be used to make the fullest use of these rich datasets. In this 
paper, we presented our recent advances in the development of 
an application allowing analysis of topographical models and 
mapping compatible with GIS software as well as the planned 
development to complete it. Future developments and the 
release of our solution should benefit researchers not only in 
Earth Sciences, but in any science based on these data (e.g. 
biology and the mapping of coral communities, geography). In 
particular, we note that this tool is particularly efficient with 3D 
models of submarine outcrops where classic field survey cannot 
be performed. 

Our first uses reveal that performing morphological and 
geological analysis in a 3D immersive environment is gainful 
because it allows a good appreciation of the scale and geometry 
of the studied objects. Mapping of the morphological features is 
made easier by the fact that slope breaks can be clearly 
visualized. 

Finally, this tool is also efficient for teaching, and can 
provide examples to students of sites that are distant, 
inaccessible (offshore, extra-terrestrial) or unsafe (roadside, 
cliff, paleoseismic trenches) sites, benefiting from the exchange 
platforms of topographic data like OpenTopography [24][24], 
e.RocK [25] or the SEANOE (SEA scieNtific Open data 
Edition, Ifremer) data publisher. 

ACKNOWLEDGMENT 

We thank the captain and crew of the R/V Pourquoi Pas? 
operated during ODEMAR and SUBSAINTES cruises. We 
acknowledge Feuillet N., Le Friant A., Andreani M., Dano A., 
Delorme A., Deplus C., Fournasson M.-L., Gini C., Hamelin C. 
Komorowski J.-C., Marchand C., Mevel C., Ondstad S., 
Quidelleur X., Cannat M. and Olive J. A. for their participation 
to the data acquisition. This research was partially supported by 
the Spanish National Project UDRONE (Robot submarino 
inteligente para la exploracion omnidireccional e inmersiva del 
bentos) CTM2017-83075-R. 

REFERENCES 
[1] Nicosevici, T., & Garcia, R. (2013). Efficient 3D scene modeling and 

mosaicing (Vol. 87). Springer. 

[2] Campos, R., Garcia, R., Alliez, P., & Yvinec, M. (2015). A surface 
reconstruction method for in-detail underwater 3D optical mapping. The 
International Journal of Robotics Research, 34(1), 64-89. 

[3] Fuchs, P., Moreau, G. (2006). Le traité de la réalité virtuelle. Presses des 
MINES. 

[4] Ihlenfeldt, W. D. (1997). Virtual reality in chemistry. Molecular modeling 
annual, 3(9), 386-402. 

[5] Erel, E., Aiyenibe, B., & Butler, P. E. (2003). Microsurgery simulators in 
virtual reality. Microsurgery: Official Journal of the International 
Microsurgical Society and the European Federation of Societies for 
Microsurgery, 23(2), 147-152. 

[6] Mikropoulos, T. A., Katsikis, A., Nikolou, E., & Tsakalis, P. (2003). 
Virtual environments in biology teaching. Journal of Biological 
Education, 37(4), 176-181. 

[7] Cook, D., Cruz-Neira, C., Kohlmeyer, B. D., Lechner, U., Lewin, N., 
Nelson, L., ... & Symanzik, J. (1998). Exploring environmental data in a 

highly immersive virtual reality environment. Environmental Monitoring 
and Assessment, 51(1-2), 441-450. 

[8] Stojšić, I., Džigurski, A. I., Maričić, O., Bibić, L. I., & Vučković, S. Đ. 
(2016). Possible application of virtual reality in geography teaching. 
Journal of Subject Didactics, 1(2), 83-96. 

[9] Halik, Ł., & Smaczyński, M. (2018). Geovisualisation of relief in a virtual 
reality system on the basis of low-level aerial imagery. Pure and Applied 
Geophysics, 175(9), 3209-3221. 

[10] Gerloni, I. G., Carchiolo, V., Vitello, F. R., Sciacca, E., Becciani, U., 
Costa, A., ... & Marchese, F. (2018, September). Immersive Virtual 
Reality for Earth Sciences. In 2018 Federated Conference on Computer 
Science and Information Systems (FedCSIS) (pp. 527-534). IEEE. 

[11] Šašinka, Č., Stachoň, Z., Sedlák, M., Chmelík, J., Herman, L., Kubíček, 
P., ... & Svatoňová, H. (2019). Collaborative Immersive Virtual 
Environments for Education in Geography. ISPRS International Journal 
of Geo-Information, 8(1), 3. 

[12] Bernardin, T., Cowgill, E., Kreylos, O., Bowles, C., Gold, P., Hamann, 
B., & Kellogg, L. (2011). Crusta: A new virtual globe for real-time 
visualization of sub-meter digital topography at planetary scales. 
Computers & Geosciences, 37(1), 75-85. 

[13] Oliver Kreylos, Michael Oskin, Eric Cowgill, Peter Gold, Austin Elliott, 
Louise Kellogg; Point-based computing on scanned terrain with 
LidarViewer. Geosphere ; 9 (3): 546–556. 

[14] Zahibo, N., Pelinovsky, E., Okal, E., Yalçiner, A., Kharif, C., Talipova, 
T., & Kozelkov, A. (2005). The earthquake and tsunami of November 21, 
2004 at Les Saintes, Guadeloupe, Lesser Antilles. Science of Tsunami 
Hazards, 23(1), 25-39. 

[15] Bazin, S., Feuillet, N., Duclos, C., Crawford, W., Nercessian, A., 
Bengoubou-Valerius, M., ... & Singh, S. C. (2010). The 2004–2005 Les 
Saintes (French West Indies) seismic aftershock sequence observed with 
ocean bottom seismometers. Tectonophysics, 489(1-4), 91-103. 

[16] Feuillet, N., Beauducel, F., Jacques, E., Tapponnier, P., Delouis, B., 
Bazin, S., ... & King, G. C. P. (2011). The Mw= 6.3, November 21, 2004, 
Les Saintes earthquake (Guadeloupe): Tectonic setting, slip model and 
static stress changes. Journal of Geophysical Research: Solid Earth, 
116(B10). 

[17] Le Friant, A., Heinrich, P., & Boudon, G. (2008). Field survey and 
numerical simulation of the 21 November 2004 tsunami at Les Saintes 
(Lesser Antilles). Geophysical Research Letters, 35(12). 

[18] ESCARTIN Javier, ANDREANI Muriel (2013) ODEMAR cruise, RV 
Pourquoi pas ?, https://doi.org/10.17600/13030070 

[19] Escartín, J., Leclerc, F., Olive, J. A., Mevel, C., Cannat, M., Petersen, S., 
... & Bonnemains, D. (2016). First direct observation of coseismic slip 
and seafloor rupture along a submarine normal fault and implications for 
fault slip history. Earth and Planetary Science Letters, 450, 96-107. 

[20] Escartín, J., Le Friant, A., Feuillet, N. (2017) SUBSAINTES cruise, RV 
L'Atalante, https://doi.org/10.17600/17001000 

[21] Javier Escartin, Jeremy Billant, Frederique Leclerc, Jean-Arthur Olive, 
Klemen Istenic, Nuno Gracias, Aurelien Arnaubec, Rafel Garcia, 
Christine Deplus, Nathalie Feuillet, and Subsaintes Team (2019). 
Seafloor rupture of a normal fault: geometry, displacement, and links 
between erosion/sedimentation and seismicity. EGU 2019. 

[22] Walpersdorf, A., Pinget, L., Vernant, P., Sue, C., Deprez, A., & RENAG 
team. (2018). Does long‐term GPS in the Western Alps finally confirm 
earthquake mechanisms?. Tectonics, 37(10), 3721-3737. 

[23] Fernandes, A. S., & Feiner, S. K. (2016, March). Combating VR sickness 
through subtle dynamic field-of-view modification. In 2016 IEEE 
Symposium on 3D User Interfaces (3DUI) (pp. 201-210). IEEE. 

[24] Krishnan, S., Crosby, C., Nandigam, V., Phan, M., Cowart, C., Baru, C., 
& Arrowsmith, R. (2011, May). OpenTopography: a services oriented 
architecture for community access to LIDAR topography. In Proceedings 
of the 2nd International Conference on Computing for Geospatial 
Research & Applications (p. 7). ACM. 

[25] Cawood, A. J., & Bond, C. E. (2019). eRock: An Open-Access Repository 
of Virtual Outcrops for Geoscience Education. GSA Today. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


