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¿Cómo representar una cueva? La 
topografía subterránea desde las 
primeras exploraciones hasta hoy

Xavier Robert

IIdo Simposio Internacional del Karst, Chachapoyas, Perú 
28-08-2018
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¿ Porque representar una 
cueva ?

• Encontrar su camino —> Visitas de cuevas 

• Encontrar nuevas galerías, predecir 
descubrimientos importantes —> Exploraciones 

• Entender la formación de una cueva, su 
hidrología, su evolución con la geología, ubicar 
sitios arqueológicos —> Ciencia
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¿ Como representar una 
cueva ?

• Subterránea

➡ No teledectección, no GPS posible…  

➡ Conocida gracias a las exploraciones por 
espeleólogos 

• 3D, geográfica

➡ Dibujos, diagramas,…  

➡ Medidas en 3D !
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Primera topografía:  
Cueva Baumann (Alemania) 

• Olearius,1665

KEMPE, S. 215

Figure 3 a,b. The student von Alvensleben drew this sketch after a visit of the Baumann’s Cave together with the superintendent 
Olearius, 1665. The maps are kept today in the state archive in Magdeburg. They are the first preserved maps of a natural cave 
world-wide. For the translations of the texts see Kempe et al., 2004. (Printed by permit of the Landeshauptarchiv Sachen-Anhalt).

216 Sci. Annals, School of Geology, AUTH, special vol. 98, 2006

Figure 4. This map of the Baumann’s Cave was published as a copper etching by v. d. Hard in the “Acta eruditorum”, 1702. The map 
is oriented to the south and has already a north arrow and a scale (in Harzer Lachter; 1 HL = ca. 2 m). There is a plan view and four 
longitudinal sections of certain parts of the cave. The letters refer to the individual flowstone formations shown to the visitor (For 

details see Kempe et al., 2004. (Original: collection Kempe). 

Figure 5. The map of the Baumann’s Cave re-printed in Leibniz “Protogaea”, published 1749. (After the translation of the “Proto-
gaea” by Engelhardt, 1949).

• Hard,1702
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Topografias   
Cueva Saint Marcel (Francia) 

• Martel, Les abîmes 1, 1894
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Medidas - Instrumentos
• Coordinadas de la entrada

• De uno punto al siguiente punto: 

• Longitud

• dirección

• Pendiente
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Instrumentos
• Decametro / Brújula / Clinometro 

• TopoVulcain (70’s - hoy)

Produits vulcains 
 

 
p.226 Echo des Vulcains n°70 

Produits Vulcains 
 

Boite Topofil Vulcain 
nouveau modèle 

 

Livre sur le Jean-Bernard, 
4ème gouffre mondial (avec une grande 

topo) 
 

Tee-shirt et débardeurs 
Tailles 4-14 ans et M, L, XL. 

 
Sweat-shirt avec et sans capuche 

adulte / enfant 
 

Buff 
 

Etc ... (voir ci-dessous) 
 

 
 
 
 
 
 
 
 

Pour commander, remplir et envoyer le bon de commande ci-dessous. Nous vous indiquerons la somme à payer 
incluant les frais de port (en sus). Plus simple : remplir le bon de commande sur le site : 

 http://groupe.Vulcain.free.fr/ 
Bon de commande  
Nom, prénom : 
  
 
c/o : 
  
 
Numéro & Rue : 
  
 
Code postal : 
  
 
Ville : 
  
 
Pays : 
  
 
E-mail : 
  
 
Club : 
  
 
 

                                    Quantité 
Boite topo complète (avec compas) : 330 €    
Boite topo sans compas : 180 €    
Compas seul : 150 €    
FiloVulcain : 130 €    
Livre Jean-Bernard : 20 €    
Tee-shirt : 10 €    
Sweat-shirt adulte : 23 €    
Sweat-shirt enfant : 16 €    
Sweat-shirt capuche et poches : 28 €    
Débardeur femme : 12 €    
Buff : 12 € 
Porte-clés : 1,5 €    
Auto-collant : 1 €    
Bobine 500 m de fil : 1,5 €    
  
 
TOTAL (en €) : 

 
Pour la boite topo et le compas précisez 'grades' ou 'degrés' : 
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Técnicas de topografía 
(Antes Computadores)

• Calculo a la mano 

• Dibujos a la mano con papel de calcar

➡ Mucho Tiempo 

➡ Errores faciles 

➡ No info cuantitativa sobre la forma de 
la galería 

➡ Problemas por cuevas complejas/
grandes…
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Técnicas de topografía 
(<~1990)

• Primeras softwares de calculo « home made » ~80’s

➡ Mucho Tiempo 

➡ Menos errores 

➡ No info cuantitativa 
sobre forma de la galería 

➡ Problemas por cuevas 
complejas/grandes…
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Técnicas de topografía 
(~1990 - principios de 2000)

• Softwares como VisualTopo, Compass,… 

➡ construcción del esqueleto numérico 

➡ Nuevas medidas : forma de la galería (ancho/altura) 

• Software de DAO para dibujar (Inkscape, Illustrator,…) 

• 3D

first stage. This group consists of 3–4 people in order to maximize the
time available, especially in large caves, although a group of two people
tends to cooperate better (Dasher, 2011). The leader of the group de-
termines the location of the stations for the measurements, records the
data in their diary by drawing sketches of the cave and usually designs
the map, as it is easier for them to read the notes of the diary. The other
members handle the instruments and report the indications to the
leader (Savvaidis et al., 2007). Dealing with the instruments involves
tape measurement of the distance from the station to the point in
question, as well as the measurement of the clockwise angle that is
formed between the station, the point and the magnetic north (azi-
muth). The station is the central point of the routing. Any routing can
range from one to infinity, but a routing cannot exist without at least
one station. The station can be set arbitrarily by the surveying group or
be a set point in a general integrated geodetic reference system. The
mapping procedure begins with the determination of a point-station
(that either has specific coordinates according to a reference system or
not). All of the other stations are determined in such a way that the
shape of the cave is outlined. For every other station its distance from
the previous one, the azimuth and the inclination are measured and
recorded. Using this information, the stations can be drawn in a certain
scale and can be orientated on paper. The procedure is repeated for as
many stations as necessary. Nowadays, as will be showcased next, the
mapping procedure has been simplified since 2008 as instruments that
combine the capacities of a compass, a clinometer and a laser distance
meter in an all-in-one device have been developed.

2. Mapping methodology

2.1. Routings

The measurements between the stations that take place for the

collection of necessary data create a line in the cave that is called a
routing. The routings can be open or closed. The beginning and the end
of a closed routing coincide whereas in an open routing they do not
(Kalogeropoulos et al., 2008). The former offers more accuracy in the
mapping as it enables the cartographer to identify possible mistakes
(Dasher, 2011). The routings that are applied in the cave mapping are
categorized in four types: a) the central routing, b) the radial routing, c)
the circular routing and d) the zigzag routing that are used depending
on the shape and size of the space that needs to be recorded
(Kalogeropoulos et al., 2008). In the central routing a central line is
created in the middle of the space by the stations, from which the
distance of the walls on both sides is measured (Dasher, 2011). The
measurements on the sides are always made by measuring the azimuth.
When the morphology of the cave allows it, the central line of the
routing can be situated on one side of the passage in such a way that
only the distance from the stations to one wall is measured (Dasher,
2011). In special cases the central line is straight and the distances of
the walls on both sides are measured vertically from points of the line
without requiring the azimuth (Savvaidis et al., 2007). In the case of a
narrow passage the measurements can take place alternately from the
one side of the passage to the other one forming a zigzag route. In this
way each wall of the cave is defined better. Several cartographers be-
lieve that this routing alters the length of the cave, although this
technique will offer more information to the final design (Dasher,
2011). In the radial routing the measurements occur from one station,
in a central spot of the cave (or chamber), towards the borders of the
space that is being mapped. The consecutive stations are radially po-
sitioned with regards to the central station. The radial routing is used in
chambers where the space is almost circular and as such the central
point is visible from all stations. In the circular routing the measure-
ments take place circumferentially by following the borders of the space
being mapped. In this case the shape of the routing coincides with the

Fig. 1. The different types of routing for cave survey α, β, γ) central, δ) zigzag, ε) radial, ζ) circular.
(from Kalogeropoulos et al., 2008)

K.P. Trimmis
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Técnicas de topografía 
(principios de 2000 - hoy)

• Nuevos instrumentos : Disto X2 + smartphone 

• Nuevos Softwares como Aven, Therion, TopoCalcR 

➡ construcción del esqueleto numérico 

➡ Dibujo de la topografía en el mismo software 

➡ topografía conexa con el esqueleto

➡ Minimización de errores 

➡ Bancos de simbología

first stage. This group consists of 3–4 people in order to maximize the
time available, especially in large caves, although a group of two people
tends to cooperate better (Dasher, 2011). The leader of the group de-
termines the location of the stations for the measurements, records the
data in their diary by drawing sketches of the cave and usually designs
the map, as it is easier for them to read the notes of the diary. The other
members handle the instruments and report the indications to the
leader (Savvaidis et al., 2007). Dealing with the instruments involves
tape measurement of the distance from the station to the point in
question, as well as the measurement of the clockwise angle that is
formed between the station, the point and the magnetic north (azi-
muth). The station is the central point of the routing. Any routing can
range from one to infinity, but a routing cannot exist without at least
one station. The station can be set arbitrarily by the surveying group or
be a set point in a general integrated geodetic reference system. The
mapping procedure begins with the determination of a point-station
(that either has specific coordinates according to a reference system or
not). All of the other stations are determined in such a way that the
shape of the cave is outlined. For every other station its distance from
the previous one, the azimuth and the inclination are measured and
recorded. Using this information, the stations can be drawn in a certain
scale and can be orientated on paper. The procedure is repeated for as
many stations as necessary. Nowadays, as will be showcased next, the
mapping procedure has been simplified since 2008 as instruments that
combine the capacities of a compass, a clinometer and a laser distance
meter in an all-in-one device have been developed.

2. Mapping methodology

2.1. Routings

The measurements between the stations that take place for the

collection of necessary data create a line in the cave that is called a
routing. The routings can be open or closed. The beginning and the end
of a closed routing coincide whereas in an open routing they do not
(Kalogeropoulos et al., 2008). The former offers more accuracy in the
mapping as it enables the cartographer to identify possible mistakes
(Dasher, 2011). The routings that are applied in the cave mapping are
categorized in four types: a) the central routing, b) the radial routing, c)
the circular routing and d) the zigzag routing that are used depending
on the shape and size of the space that needs to be recorded
(Kalogeropoulos et al., 2008). In the central routing a central line is
created in the middle of the space by the stations, from which the
distance of the walls on both sides is measured (Dasher, 2011). The
measurements on the sides are always made by measuring the azimuth.
When the morphology of the cave allows it, the central line of the
routing can be situated on one side of the passage in such a way that
only the distance from the stations to one wall is measured (Dasher,
2011). In special cases the central line is straight and the distances of
the walls on both sides are measured vertically from points of the line
without requiring the azimuth (Savvaidis et al., 2007). In the case of a
narrow passage the measurements can take place alternately from the
one side of the passage to the other one forming a zigzag route. In this
way each wall of the cave is defined better. Several cartographers be-
lieve that this routing alters the length of the cave, although this
technique will offer more information to the final design (Dasher,
2011). In the radial routing the measurements occur from one station,
in a central spot of the cave (or chamber), towards the borders of the
space that is being mapped. The consecutive stations are radially po-
sitioned with regards to the central station. The radial routing is used in
chambers where the space is almost circular and as such the central
point is visible from all stations. In the circular routing the measure-
ments take place circumferentially by following the borders of the space
being mapped. In this case the shape of the routing coincides with the

Fig. 1. The different types of routing for cave survey α, β, γ) central, δ) zigzag, ε) radial, ζ) circular.
(from Kalogeropoulos et al., 2008)

K.P. Trimmis
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Técnicas de topografía 
(principios de 2000 - hoy)

• Integración con SIG
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Synthèse topographique des réseaux spéléologiques du Folly (Samoëns, 74)

Explorations et topographies : Groupe Spéléologique Vulcain (1959 - 2015)

Synthèse topographique : Xavier Robert (2010 - 2015)

Projection : WGS84 - UTM32

Modèle Numérique de Terrain @ IGN - BDALTI 2011
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Técnicas de topografía 
(principios de 2000 - hoy)

• 3D
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Topografía científica de alta 
resolución• Lidar

➡ Alta resolución 

• Mucho tiempo 

• Muy caro (> 10 k$) 

➡ NO por cuevas complejas…

http://www.isska.ch/
visualkarsys/ (ISKA)

http://www.isska.ch/visualkarsys/
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¿ Futuro ?
• Evolución de las técnicas 

• Desarrollo de los equipos de topografía por los 
espeleólogos

• Revolución con computadores/smartphones y DistoX 

• Por/para quien?  

➡ Espeleólogos, Turismos, científicos,… 

• Automatización ?

➡ Nuevos equipos a base de acelerómetros y/o sonares 
en desarrollo…

Produits vulcains 
 

 
p.226 Echo des Vulcains n°70 

Produits Vulcains 
 

Boite Topofil Vulcain 
nouveau modèle 

 

Livre sur le Jean-Bernard, 
4ème gouffre mondial (avec une grande 

topo) 
 

Tee-shirt et débardeurs 
Tailles 4-14 ans et M, L, XL. 

 
Sweat-shirt avec et sans capuche 

adulte / enfant 
 

Buff 
 

Etc ... (voir ci-dessous) 
 

 
 
 
 
 
 
 
 

Pour commander, remplir et envoyer le bon de commande ci-dessous. Nous vous indiquerons la somme à payer 
incluant les frais de port (en sus). Plus simple : remplir le bon de commande sur le site : 

 http://groupe.Vulcain.free.fr/ 
Bon de commande  
Nom, prénom : 
  
 
c/o : 
  
 
Numéro & Rue : 
  
 
Code postal : 
  
 
Ville : 
  
 
Pays : 
  
 
E-mail : 
  
 
Club : 
  
 
 

                                    Quantité 
Boite topo complète (avec compas) : 330 €    
Boite topo sans compas : 180 €    
Compas seul : 150 €    
FiloVulcain : 130 €    
Livre Jean-Bernard : 20 €    
Tee-shirt : 10 €    
Sweat-shirt adulte : 23 €    
Sweat-shirt enfant : 16 €    
Sweat-shirt capuche et poches : 28 €    
Débardeur femme : 12 €    
Buff : 12 € 
Porte-clés : 1,5 €    
Auto-collant : 1 €    
Bobine 500 m de fil : 1,5 €    
  
 
TOTAL (en €) : 

 
Pour la boite topo et le compas précisez 'grades' ou 'degrés' : 
 
 

  

 


