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Table DR1 Length of mapped cave passage in caves from 1900 to 2001 
 

Year Number of caves 
>3 km long 

Total length of 
passages in caves 
>3 km long (km) 

1900 8 83 
1910 16 124 
1920 18 135 
1930 23 166 
1940 31 233 
1950 46 327 
1960 107 742 
1970 278 2310 
1977 603 5281 
1988 1199 10824 
2001 1488 15729 

 
Note:  
1) Data are compiled from Courbon and Chabert, 1986, Courbon et al., 1989; Madelaine, 2001 
 
2) It is no longer feasible to compile accurate statistics on all mapped caves > 3 km long because so 
many are being explored that many are no longer reported in the major caving journals.  However, Bob 
Gulden maintains lists of long and deep caves, including a global list of caves >15 km long 
(http://www.caverbob.com).  The number of 15 km long caves has increased from 224 in 2000 to 321 in 
January 2014, and the cumulative length of these caves has increased from 8399 km to 13390 km.  It is 
likely that similar increases of about 50% have occurred in the number and total length of caves >3 km 
long in the period 2000-2014. 
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Table DR2 Length of passages below the water table in caves >3 km long from 1950 to 2003 
 
 

Year Length of passages below the 
water table (km) 

1950 0.5 
1966 3 
1977 15 
1991 110 
1997 340 
2003 663 
2013 1389 

 
 
Note: 
The earlier data were compiled from Farr (2000), and include estimates of the length of all mapped 
water-filled passages in caves >3 km long.   
 
The 2003 figure includes 569 km from the 48 caves > 3 km in Bob Gulden's list of underwater caves 
(http://www.caverbob.com/uwcaves.htm), plus an estimated 94 km of water-filled passages in other 
caves > 3km which predominantly have passages above the water table.   
 
The 2013 figures include 1239 km from the 77 underwater caves > 3 km long 
(http://www.caverbob.com/uwcaves.htm) and an estimated 150 km in other caves >3 km long.  
Examples in the latter category include Three Counties System (UK), Kingsdale (Keld Head) System 
(UK), and Gouffre de Padirac (France), each of which has several kilometers of cave passages below the 
water table (Chabert, 1981; Waltham et al., 1997; Farr, 2000; Magdelaine, 2006). 
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Table DR3. Tortuosity of the flow paths in 30 caves where the straight-line lengths exceeds 5 km  
 

 Cave name Straight 
-line 
length 

Conduit 
length 
m 

Tortu-
osity 

Wx/Lx Reference 

Sistema de Purificación, Mexico 5410 6100 1.128 0.043 Sprouse, 1987; Buck, 1990 
Rivière du Neuvon, France 7500 8700 1.160 0.052 Delance, 1988 
Grotte de Chauveroche, France 5000 6224 1.245 0.18 Minvielle, 1977 
Réseau d'Anialarra, France and Spain 5220 6540 1.253 0.119 ARSIP, 2014 
Gruto do Padre, Brazil 5000 6300 1.260 0.076 Auler, 1988 
Grotte de Gournier, France 6400 8325 1.301 0.14 Courbon & Chabert, 1986 
Great Expectations Cave, WY, USA 5600 7300 1.303 0.17 Miller, 1980; Shifflett, 1987 
Rio Encantado, Puerto Rico 10850 14500 1.337 0.15 Courbon et al., 1989 
Bransford Ave.-Echo Spring, Mammoth 
Cave, KY, USA 

5360 7200 1.343 0.14 Palmer, 1981, 2004 

Gouffres des Partages, France and Spain 6730 9200 1.367 0.076 ARSIP, 2001, 2014 
Teng Long Dong, China 5700 7800 1.368 0.165 Campion, 2011 
Castleguard Cave, Alberta, Canada 6510 8921 1.370 0.11 Worthington, 1991 
Gouffre Lonné Peyret, France 5300 7500 1.415 0.081 Courbon & Chabert, 1986 
Puerto Princesa Subterranean River, 
Philippines 

5700 8200 1.439 0.102 Devivo et al., 2009 

Réseau de la Combe aux Prêtres, France 7250 10500 1.448 0.20 Delance, 1988 
Rhar Bou'Maza, Algeria 6100 9000 1.475 0.097 Benoit & Collignon, 1988 
Logsdon River, Mammoth Cave, KY, USA 6480 9750 1.505 0.15 Coons and Engler, 1981 
Hang Khe Ry, Vietnam 7760 11752 1.514 0.161 Limbert and Limbert, 1999 
Réseau du Verneau, France 6950 10800 1.554 0.040 Couturaud and Aucant, 1990 
Crevice Cave, MO, USA 5050 8000 1.584 0.13 Courbon & Chabert, 1986 
Red del Silencio, Spain 7540 12000 1.591 0.11 Rigal & Boyer, 1989 
Gouffre de Padirac, France 11550 19000 1.645 0.13 Chabert, 1981; Magdelaine, 

2006 
Gouffre de la Pierre St Martin, France and 
Spain 

5530 9100 1.646 0.17 Courbon & Chabert, 1986 

Hang Vom, Vietnam 5950 9800 1.647 0.20 Limbert, 1992  
Cathedral-Falmouth Cave System, FL, 
USA 

5500 9250 1.682 0.12 Courbon & Chabert, 1986 

Jaskiňa Domica - Baradla Barlang, 
Czechoslovakia - Hungary 

5770 10500 1.812 0.25 MKBT, 1989 

Siebenhengstehöhlensystem, Switzerland 5950 11000 1.849 0.14 Jeannin, 1990 
Reinacherstollen - entrance, Hölloch, 
Switz. 

5030 9350 1.859 0.13 Bögli, 1980 

Big Dismal Sink - Wakulla Spring, FL, 
USA 

10100 19783 1.959 0.24 Wisenbaker, 2007; Meyer and 
Davies, 2012; Worthington, 
2013 

Sima de las Puertas de Illamina, Spain 5550 10900 1.964 0.11 Pernette & Maire, 1983 
Median for 30 flow paths   1.462   
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Table DR4  Segment measurements from Runscar Cave and Ogof y Ci   
 

 
  

Runscar Cave Ogof y Ci

n bed joint bed-joint total n bed joint total
segment segment segment segment segment
length (m) length (m) length (m) length (m) length (m)

Upper section of cave
1 5.7 1 4.3
2 5.2 2 5
3 8.5 3 23.5
4 5.9 4 12.4
5 5 5 7.2
6 5.3 6 0.8

Middle section 7 2
7 5.8 8 0.5
8 53 9 2.5
9 7.5 10 0.8

10 3.1 11 6.2
11 8.1 12 6.3
12 1.3 13 13
13 0.6 14 13.8
14 4.6 15 3.4
15 7.2 16 12.4
16 1.6 17 14
17 1.4 18 16.3
18 2.2 19 3.1
19 1.3 20 32
20 8.1 21 8.3
21 5.5 22 16.9
22 12.9 23 5.2
23 2 24 4.2
24 1.2 25 4.8
25 1.9 26 4.7
26 0.6

Lower section
27 60.7
28 0.8
29 32

sum 185.9 62 11.1 sum 14.8 208.8
total 259 total 223.6
% 71.78 23.94 4.29 % 6.62 93.38
n 8 19 2 n 3 23
mean 23.24 3.26 5.55 mean 4.93 9.08 8.60
median 10.7 2 5.55 4.3 6.2
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Table DR5.  Tortuosity of 55 flow paths between sinking streams and springs 
 

 Cave name Straight -
line length 

Conduit 
length 
m 

Tortu-
osity 

Wx/Lx Reference 

Sinks of Gandy, WV, USA  780 860 1.103 0.06 Medville et al., 1983 
Gua Payau, Malaysia 1200 1400 1.167 0.206 Brook and Waltham, 1978a,b 
Jordtulla, Norway 495 580 1.171 0.1 Lauritzen et al., 1985 
Ogof y Ci, Wales 545 640 1.174 0.05 Ford, 1989 
Devils Kitchen, WV,USA 820 970 1.183 0.119 Medville et al., 1983 
Gua Tempurong, Mayaysia 970 1150 1.186 0.154 Crowther, 1978 
Simmons-Mingo-My Cave, WV, 
USA 

4450 5300 1.191 0.103 Medville and Storage, 1986 

Moira Cave, Ontario, Canada 340 405 1.191 0.09 MacGregor, 1976 
Sumidero de Agueyaco, Mexico 340 410 1.206 0.133 Spahl, 1983 
Sof Omar, Ethiopia 970 1180 1.216 0.119 BSEE, 1973 
Qiao Ban Dong, China 1800 2200 1.222 0.147 Gill et al., 1990 
Sumidero Chicja, Mexico 650 795 1.223 0.137 Boon, 1977  
Lubang Hijau, Malaysia 1350 1660 1.23 0.138 Brook and Waltham, 1978a,b 
Ogof Rhyd Sych, Wales 590 730 1.237 0.141 Ford, 1989 
San Che He Dong, China 890 1120 1.258 0.209 Waltham, 1986 
Cueva de Agua Escondida, 
Guatemala 

3370 4250 1.261 0.311 Boon, 1974 

Lubang Angin, Malaysia 710 910 1.282 0.185 Brook and Waltham, 1978a,b 
Gaolushuiluodong, China 3800 4900 1.259 0.157 Maire et al., 2004 
Körükini Cave, Turkey 1030 1330 1.291 0.218 Doğan and Nazik, 2003 
Cochol, Mexico 860 1120 1.302 0.217 Tracey, 1975 
Grotte de la Roche, France 1210 1577 1.303 0.199 Minvielle, 1977 
Nelson Cave, WV, USA 365 480 1.315 0.15 Medville et al., 1983 
Sumidero de Río Atima, Honduras 1850 2450 1.324 0.11 Knutson, 1988 
Cueva de Cunday, Columbia 450 600 1.333 0.229 Miller, 1979a 
Rivière souterraine de Bramabiau, 
France 

780 1050 1.346 0.283 Martel, 1894; Worthington, 
2013 

Ren Xiao Dong, China 1500 2050 1.367 0.182 Gill et al., 1990 
The Tunnel, WA, Australia 430 590 1.372 0.35 Sweeting, 1973 
Tigris Tunnel, Turkey 610 865 1.418 0.42 Waltham, 1976 
Guan  Yan, China 1010 1440 1.426 0.214 Waltham, 1986 
Cueva  Veronica del Río Candelaria, 
Guatemala  

2810 4060 1.445 0.122 Courbon and Dreux, 1976 

Gruta del Río San Jeronimo, Mexico 3830 5560 1.452 0.304 Coons, 1976 
Grotte de Saint Casimir, QC, Canada 310 460 1.484 0.242 Beaupré et al., 1976 
Tham Khoun Xe (Tham Xe Bang 
Fai), Laos 

4700 7000 1.489 0.152 Mouret et al., 1997, 2010. 
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 Cave name Straight -
line length 

Conduit 
length 
m 

Tortu-
osity 

Wx/Lx Reference 

Haphazard Cave - Pitchford’s Cave, 
BC, Canada 

470 700 1.489 0.21 Sawatzky, 1988 

Actun Box Chi’ich, Belize 1260 1900 1.508 0.109 Blak, 1990 
Sunken Forest Cave, Belize 580 880 1.517 0.114 Blak, 1990 
White Scar Cave, England 1550 2360 1.523 0.228 Waltham, 1977 
Cueva del Agua - la Cuevona, Spain 855 1320 1.544 0.203 Mills and Waltham, 1981 
Bowden Cave, WV, USA 1010 1570 1.554 0.09 Medville et al., 1983 
Tham Nam Hin Boun, Laos 4150 6500 1.566 0.139 Mouret et al., 1997 
Tham Nam Mae Lana, Thailand 4770 7600 1.593 0.46 Boland, 1992 
Darknight Cave, Belize 320 510 1.594 0.284 Miller, 1979b 
Kahf Hoti, Oman 2630 4300 1.635 0.321 Waltham et al., 1985 
Gruta del Rio Chontalcoatlan, 
Mexico 

3320 5610 1.69 0.435 Coons, 1976 

Cueva del Rio San Ramón, 
Guatemala 

655 1110 1.695 0.24 Knutson, 1993 

Raggejavrerage, Norway 885 1550 1.751 0.09 Courbon and Chabert, 1986 
Cueva de Tecolo, Mexico 755 1370 1.815 0.431 Knutson, 1979 
Réseau de Foussoubie, France 3400 6200 1.824 0.212 Le Roux, 1989 
Solution Rift, TN, USA 670 1220 1.821 0.279 Brown and Smith, 2011 
Cueva de el Chorreodero, Mexico 1470 2695 1.833 0.41 Thompson, 1972 
Broken River Cave, New Zealand 340 650 1.912 0.264 Anon., 1986 
Apetlanca, Mexico 1370 2740 2 0.289 Engler, 1982 
Sumidero San Bernardo, Mexico 890 1910 2.146 0.432 Knutson 1984 
Cueva de el Mano, Mexico 670 1520 2.27 0.43 Espinasa-Pereña, 2002 
Sumidero Santa Elena, Mexico 2195 5200 2.369 0.32 Knutson 1982 
Median for 55 caves   1.418   

 
Note: In most cases, the data are taken from flow paths that have been completely mapped.  In some cases, a very 
small fraction of the flow path has not been mapped.  An example is White Scar Cave, where there is a short 
distance between the stream sink on the surface and the underlying mapped cave stream (Figure 7).   
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Table DR6.  Tracer tests >25 km in carbonate aquifers 
 
 

Distance 
traced 
(m) 

Elapsed 
time 
(days) 

Ground-
water 
velocity 
(m/day) 

Tracer Location Reference 

75000 226 330 Na  
fluorescein 

Lake Beyșehir - Yedi Miyarlar 
Spring, Turkey 

Bakalowicz, 1973; 
Chabert, 1977 

66720 84.6 789 iodide Saint-Donat - Fontaine de 
Vaucluse, France 

Ducluzaux, 2006 

63600 13 4900 Lycopodium 
spores 

Sink in Middle Fork of Eleven 
Point River - Big Spring, Missouri, 
USA 

Aley, 1978; Dreiss, 1983 

63600 16 3970 Na 
fluorescein 

Sink in Middle Fork of Eleven 
Point River - Big Spring, Missouri, 
USA 

Aley, 1978; Dreiss, 1983 

61300 12 5100 Na 
fluorescein 

Jam Up Creek (losing stream) - 
Big Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

53900 67 800 Na 
fluorescein 

Sink below Stillhouse Spring - Big 
Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

52800 19 2800 Na 
fluorescein 

Dry Creek (losing spring-fed 
stream), Missouri - Mammoth 
Spring, Arkansas, USA  

Aley 1978; Dreiss, 1983 

46000 25 1840 Na 
fluorescein 

Aven de la Belette - Fontaine de 
Vaucluse, France 

Couturaud and Puig, 1992 

44300 12 3700 Na 
fluorescein 

Losing stream downstream of 
Nuttle Spring - Greer Springs, 
Missouri, USA 

Aley, 1978; Dreiss, 1983 

42000 12.4 3380 iodide Perte du Cavalon - Fontaine de 
Vaucluse, France 

Ducluzaux, 2009 

41500 72 580 Na 
fluorescein 

Sajevče stream, Slovenia - 
Timavo, Italy 

Kogovšek and Petrič, 2007 

40700 8.5 4800 Na 
fluorescein 

Dowler Sinkhole - Big Spring, 
Missouri, USA 

Aley, 1978; Dreiss, 1983 

40200 15 2700 Na 
fluorescein 

Renfrew Spring Sink, Missouri - 
Mammoth Spring, Arkansas 

Aley, 1978; Dreiss, 1983 

40000 92 430 Na 
fluorescein 

Aven du Caladaïre - Vaucluse, 
France 

Couturaud and Puig, 1992 

39000 9.0 4300 H5 phage Kapsia Sink - Kiveri Spring, 
Greece 

Morfis and Zojer, 1986 

38000 31.7 1200 51Cr Scotini Sink - Kroe Spring, Greece Morfis and Zojer, 1986 
36800 23.6 1560 Phages Senožeče stream, Slovenia - 

Moščenice Spring, Italy 
Kogovšek and Petrič, 2007 

36000 25.5 1410 51Cr Scotini Sink - Kroe Spring, Greece Morfis and Zojer, 1986 
35700 17.3 2060 Phages Senožeče stream, Slovenia - 

Timavo Spring, Italy 
Kogovšek, 2007 

35000 34 1030 Na 
fluorescein 

Eynifovasi - Homa, Turkey Bakalowicz, 1973; 
Chabert, 1977 
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Distance 
traced 
(m) 

Elapsed 
time 
(days) 

Ground-
water 
velocity 
(m/day) 

Tracer Location Reference 

34300 8.8 3890 LiCl Škocjanske Jama, Italy - Timavo 
Spring, Italy 

Kogovšek and Petrič, 2007 

34300 16.6 2060 3H , Na 
fluorescein 

Škocjanske Jama, Italy - Timavo 
Spring, Italy 

Kogovšek and Petrič, 2007 

32000 8.88 3600 51Cr Milea sink - Kiveri Spring, Greece Morfis and Zojer, 1986 
31000 6.04 5130 51Cr Kanatas Sink - Kiveri Spring, 

Greece 
Morfis and Zojer, 1986 

31000 13 2400 Coliphage Kanatas Sink - Kiveri Spring, 
Greece 

Morfis and Zojer, 1986 

30900 9 3400 Na 
fluorescein 

S. Branch Pike Creek (losing 
stream)  - Big Spring, Missouri, 
USA 

Aley, 1978; Dreiss, 1983 

30800 79 390 Na 
fluorescein 

Trou du Vent - Fontaine de 
Vaucluse, France 

Couturaud and Puig, 1992 

30000 13 2300 Na 
fluorescein 

Aven du Château - Fontaine de 
Vaucluse, France 

Couturaud and Puig, 1992 

29900 32 930 Eosine Crooked Oak Cave - Barton 
Springs, Texas, USA 

Smith et al., 2005 

29500 26 1130 Na 
fluorescein 

Gouffre de la Tanne à la 
Chaumusse - Enragé Spring, 
France 

Le Pennec, 1997 

29000 47.5 610 Rhodamine 
WT 

Dry Auglaize Creek (losing 
stream) - Hahatonka Soring, 
Missouri, USA 

Skelton and Miller, 1979 

29000 13 2200 Coliphage Kanatas Sink - Kroe Spring, 
Greece 

Morfis and Zojer, 1986 

29000 14 2100 Coliphage Kanatas Sink - Lerni Spring, 
Greece 

Morfis and Zojer, 1986 

29000 14 2100 Na 
fluorescein 

Johnson Spring Branch (losing 
stream) of Hurricane Creek - Big 
Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

28500 63 450 Na 
fluorescein 

Perte du ravin de la Frache - 
Fontaine de Vaucluse, France 

Couturaud and Puig, 1992 

28200 8 3500 Na 
fluorescein 

Antioch Cave - Barton Springs, 
Texas, USA 

Smith et al., 2005 

28100 10 2800 Na 
fluorescein 

Leslie Spring Swallow - Big 
Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

28000 2.8 10000 Na 
fluorescein 

Perte du Chamois - Moulin 
Ecoutôts, France 

Chauve et al., 1987 

27800 13 2100 Na 
fluorescein 

Wildcat Spring (losing stream)  - 
Big Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

27400 10 2740 Na 
fluorescein 

Blowing Spring Estavelle - Big 
Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

27400 12 2280 Lycopodium 
spores 

Blowing Spring Estavelle - Big 
Spring, Missouri, USA 

Aley, 1978; Dreiss, 1983 

DR2015013



10 
 

Distance 
traced 
(m) 

Elapsed 
time 
(days) 

Ground-
water 
velocity 
(m/day) 

Tracer Location Reference 

27000 84.5 320 3H Pazinska Jama - Blaž Spring, 
Croatia 

Uramović et al., 1997 

27000 25 1100 Na 
fluorescein 

Gouffre de la Tanne à la 
Chaumusse - Brive Spring, France 

Le Pennec, 1997 

27000 5.46 4940 Na 
fluorescein 

Pertes du Val Launay - Fontaine 
Roger, France 

Rodet, 1992 

26600 8.66 3070 LiCl Škocjanske Jama, Italy - Brojnica 
Spring, Italy 

Kogovšek and Petrič, 2007 

26600 22.2 1200 3H, Na 
fluorescein 

Škocjanske Jama, Italy - Brojnica 
Spring, Italy 

Kogovšek and Petrič, 2007 

26500 2.8 9500 Na 
fluorescein 

Perte du Chamois - Source du 
Maine, France 

Chauve et al., 1987 

26000 8.0 3250 3H Nestani Sink - Kiveri Spring, 
Greece 

Morfis and Zojer, 1986 

26000 6.3 4100 51Cr Nestani Sink - Kiveri Spring, 
Greece 

Morfis and Zojer, 1986 

26000 11.1 2330 3H Sinkhole near Dane - Opatija 
Spring, Croatia 

Uramović et al., 1997 

26000 17.7 1470 rhodamine Sinkhole near Dane - Opatija 
Spring, Croatia 

Uramović et al., 1997 

26000 72 360 Na 
fluorescein 

Perte de la Blaise - Source de 
Trannes, France 

Treffot, 1992 

25500 16.3 1570 naphthionate Alea Sink - Kefalari Spring, 
Greece 

Morfis and Zojer, 1986 
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Table DR7.  Measurements of basin length and area 
 
Groundwater basin Area (km2) Length (km) Reference 
Silver Springs north, Florida 1150 66 Figure 12B 
Rainbow Springs west, Florida 990 49 Figure 12B 
Rainbow Springs east, Florida 895 57 Figure 12B 
Silver Springs south, Florida 485 38 Figure 12B 
Gorin Mill Spring, Kentucky 281 26.6 Figure 11 
Graham Springs, Kentucky 232 25.0 Figure 11 
Turnhole Spring, Kentucky 168 24.7 Figure 11 
Havant and Bedhampton Springs 
east, England 

51.8 12.3 Figure 12A 

Pike Spring, Kentucky 39.6 9.1 Figure 11 
Havant and Bedhampton Springs 
central, England 

31.5 12.1 Figure 12A 

Havant and Bedhampton Springs 
west, England 

27.8 13.3 Figure 12A 

Lawler Blue Hole, Kentucky 25.2 9.8 Figure 11 
Echo Spring, Kentucky 21.8 7.0 Figure 11 
Garvin - Beaver, Kentucky 16.4 7.0 Figure 11 
Suds Spring, Kentucky 15.9 6.7 Figure 11 
Bush Island Spring, Kentucky 3.34 3.7 Figure 11 
Mile 205.7 Spring 2.95 2.6 Figure 11 
 
Note: Flow lines in Figures 12A show the main channels of the three main sub-basins at Havant / Bedhampton 
Springs.  Flow lines in Figure 12B show the main channels of the two main sub-basins at Silver Spring and the 
two main sub-basins at Rainbow Springs. 
 
 
 
Table DR8. Areal coverage and cave porosity of White Scar Cave 
 
Area of cave passages shown in Figure 7     13,000 m2 
Area of high-level abandoned passages not shown in Figure 7  4150 m2 
Total area of cave        17,150 m2 
Area of 1700 m x 500m rectangle with which the cave lies  850,000 m2 
Areal coverage of cave       0.020 
 
Volume of cave passages shown in Figure 7    65,300 m3 
Volume of high-level abandoned passages not shown in Figure 7  20,500 m3 
Total volume of cave       85,800 m3 
Mean thickness of limestone in 1700 m x 500 m rectangle  125 m 
Volume of cuboid within which the cave lies    1.06E8 m3 
Cave porosity        0.00081  
 
Note: the above estimates were made from the cave survey in Waltham (1977). 
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Table DR9. Areal coverage and cave porosity of major caves in the Pierre St Martin area 
 
Cave        Areal 
        coverage Volume  
        m2 x103  m3 x 103 

 
Gouffre de la Pierre St Martin     394  8140 
Gouffre des Partages      272  4520 
Réseau d'Anialarra      227  2380 
Réseau Lonné Peyret      200  1850 
Grotte d'Arphidia        78    596 
AN8          58    637 
Gouffre de Borrugues (part within rectangle)     20      86 
Sima de Ukerdi Abajo        18      87 
Chipi Joseteko Leze Handia       14      73 
Réseau de Soudet (part within rectangle)      13      60 
C110            3.8      34 
AN534            3.7      61 
Gouffre ded Quinquas          3.4      21 
Grotte de l'Ours (part within rectangle)         1.8        5.4 
 
Total        1305  1855 
              
Total area of caves        1,305,000 m2 
Area of 7000 m x 5000 m rectangle within which the caves lie  3.5 E7 m2 
Areal coverage of caves       0.037 
 
Total volume of caves       1.855 E7 m3 
Mean thickness of limestone in 1700 m x 500 m rectangle  391 m   
Volume of cuboid within which cave lies    1.369 E10 m3 
Cave porosity        0.0014  
 
Notes: The above estimates were made from cave surveys in Courbon and Chabert, 1986; ARSIP, 1989, 2002; 
Pont and Bie, 2014. 
 
 
 

 
 
Figure DR2.  Major cave stream passages in a 5 km by 7 km area 
in the centre of Figure 8.  Caves: 1 - Réseau de Soudet; 2: Réseau 
Lonné Peyret; 3: Gouffre de la Pierre St Martin; 4: Gouffre des 
Partages; 5: Sima AN8; 6: Sima de Ukerdi Abajo; 7: Réseau 
d'Anialarra (after Pont and Bie, 2014).  
 
 
  

DR2015013



13 
 

References 
 
Aley, T., 1978, A predictive hydrologic model for evaluating the effects of land use and management on 

the quantity and quality of water from Ozark Springs.  Missouri Speleology, 18, 1-185. 
Anon., 1986, Broken River Cave.New Zealand Speleological Bulletin, #140. 
ARSIP (Association de Recherches Spéléologiques Internationales à la Pierre Saint-Martin), 1989.  

ARSIP no. 16.  ARSIP, Sainte-Engrâce, 224 p. 
ARSIP (Association de Recherches Spéléologiques Internationales à la Pierre Saint-Martin), 2002.  

ARSIP no. 17.  ARSIP, Sainte-Engrâce, 236 p. 
ARSIP (Association de Recherches Spéléologiques Internationales à la Pierre Saint-Martin), 2014, 

Synthèse numérique de la Pierre Saint Martin. http://s391384129.onlinehome.fr/arsip/, 
downloaded January, 2014. 

Bakalowicz, M., 1973, Les grandes manifestations hydrologiques des karsts dans le monde.  Spelunca, 
2, 38-40. 

Beaupré, M., Caron, D., and Dubuc, G., 1976, L'exploration spéléologique au Québec.  In: Cave 
Exploration in Canada, p. 19-38. 

Benoit, P., and Collignon, B., 1988, Rhar Bou'Maza ou la Tafna souterraine, Monts de Tlemcen, 
Algérie.  Spelunca, #32, 31-38. 

Blak, R., 1990, Belize expedition '89.  Canadian Caver, 22(1), 26-29. 
Bögli, A., 1980, Karst hydrology and physical speleology.  Springer-Verlag, Berlin, 284 p. 
Boland, K., 1992, North-west Thailand: the story so far.  International Caver #5, 30-35. 
Boon, J.M., 1974. Escondida - to the sump.  Canadian Caver, 6(2), 45-54. 
Boon, J.M., 1977, A grim journey and a through trip, Sumidero Chicja.  Canadian Caver, 9(2), 12-14. 
Brook, D.B., and Waltham, A.C., 1978a, Caves of Mulu.  Royal Geog. Soc., London, 44p. 
Brook, D.B., and Waltham, A.C., 1978b, The underworld of Mulu, part 1.Caving International 

Magazine, #1, 3-10. 
Brook, A., Brook, D., Griffiths, J, and Long, M.H., 1991, Northern Caves, v. 3, The three peaks: 

Skipton, England, Dalesman, 286 p. 
Brook, G.A., 1976, Geomorphology of the North Karst, South Nahanni River region, Northwest 

Territories, Canada.  Unpubl. PhD thesis, McMaster Univ., 627p. 
Brown, J.E.S., Smith, M.O., 2011, The survey of Solution Rift, Tennessee: TAG's most infamous multi-

drop pull-down.  NSS News 69 (12), 4-11. 
BSEE (British Speleological Expedition to Ethiopia), 1973.  The caves of Ethiopia.  Transactions of the 

Cave Research Group of G.B., 15, 107-168. 
Campion, G., 2011, Tenglong Dong and the caves of Lichuan County, Hubei, China.  Cave and Karst 

Science, 38(2), 61-64. 
Chabert, C., 1977, Sur trois systèmes karstiques de grande ampleur: Eynif, Kembos et Dumanli (Taurus 

Occidental).  Proc. 7th Internat. Congress Speleology, Sheffield, 1977, Ed: T.D. Ford.  British 
Cave Research Association, Westonzoyland, Somerset, p. 105-108. 

Chabert, C., 1981, Les grandes cavités Françaises.  Fédération Française de Spéleologie, Paris, 154 p. 
Chauve, P., Dubreucq, F., Frachon, J-C., Gauthier, A., Mettetal, J-P., Peguenet, J., 1987, Inventaire des 

circulations souterraines reconnus par traçage en Franche-Comté.  Annales scientifique de 
l'Université de Besançon, Géologie, Mémoire No. 2. 

Coons, D., 1976, The river caves.  Canadian Caver, 8(1), 34-41. 
Coons. D., and Engler, S., 1981, In Morrison`s footsteps: Caving Internations, #12, p. 28-37. 

DR2015013



14 
 

Courbon, P. and Chabert, C., 1986, Atlas de grandes cavités mondiales.Union Internationale de 
Spéléologie / Fédération Française de Spéléologie, Paris, 255p. 

Courbon, P., Chabert, C., Bosted, P., and Lindsley, K., 1989, Atlas of the great caves of the world.  Cave 
Books, St Louis, 369 p. 

Courbon, P. and Dreux, D., 1976. Candelaria: étude du réseau hydrospéléologique de Candelaria, Alta 
Verapaz.  Spelunca special #1, supplement to 1973,#3, p12-17. 

Couturaud, A., and Aucant, Y., 1990, Un grand réseau du Jura: Le Verneau (Doubs, France).  Spelunca, 
#38, 30-41. 

Couturaud, A., and Puig, J.-M., 1992, Traçages en bordure du système karstique de Vaucluse.  
Karstologia, No.  20, 23-36. 

Crowther, J., 1978, Karst regions and caves of the Malay peninsula, west of the Main Range. 
Transactions of the British Cave Research Association, 5(4), 199-214. 

Delance, J.H., 1988, Le karst de Bourgogne.  Karstologia, #11-12, 7-16. 
Devivo, A., Piccini, L., and Mecchia, M., 2009, Recent exploration in the St. Paul Karst (Palawan, 

Philippines).  In: White, W.B. (ed.) Proceedings of the 15th International Congress of 
Speleology, Vol. 3., 1786-1792. 

Doğan, U., and Nazik, L., 2003, The Çamlik Caves System. Cave and Karst Science, 30, 15-22. 
Dreiss, S.J., 1983.  Linera unit-response functions as indicators of recharge areas for large karst springs.  

Journal of Hydrology, 61, 31-44. 
Ducluzaux , B., 2006, Traçage de 66,7 km dans le karst de la Fontaine de Vaucluse.  

http://www.lanesquepropre.com/uploaded/Tracages_Fontaine_Vaucluse.pdf, retrieved Nov. 15, 
2013. 

Ducluzaux , B., 2009. Traçage de 42 km sur la Fontaine de Vaucluse. 
http://www.tracages.com/post/2009/12/28/Tracage-de-42-km-sur-la-Fontaine-de-Vaucluse, 
retrieved Nov 15, 2013. 

Espinasa-Pereña, R. 2002, Filo de Caballo, Guerrero. AMCS Activities Newsletter, No. 25, 146-153. 
Engler, S., 1982, Exploration of Boca del Río Apetlanca.  AMCS Activities Newsletter, #10.  

Association for Mexican Cave Studies, Austin, 43-48. 
Farr, M., 2000, The darkness beckons: London, Diadem, 304 p. 
Ford, D.C., 1963, Aspects of the geomorphology of the Mendip Hills.Unpubl. DPhil.thesis, Univ. of 

Oxford, 499 p. 
Ford, T.D., 1989, The caves of Nant y Glais, Vaynor.  In: Limestones and caves of Wales, Ed. T.D. 

Ford.  Cambridge University Press, 152-154. 
Gèze, B., 1990, Mea culpa d'un sceptique.  Spelunca, #40, 25-28. 
Gill, D., Lyon, B., and Fowler, S., 1990. The caves of Bama County, Guangxi, China.  Cave Science, 17 

(2), 55-66. 
Gulden, B., 2014, World's longest caves: http://www.caverbob.com/wlong.htm. 
Hereford, Caving Club, 1966, Plan of Ogof y Ci, scale 1:384, 1 sheet, 

http://www.herefordcavingclub.org.uk (accessed January 2014). 
Jameson, R.A., 1985, Structural segments and the analysis of flow paths in the North Canyon of 

Snedegars Cave, Friars Hole Cave System, West Virginia.  Unpubl.MS thesis, West Virginia 
Uniiversity, Morgantown, 421 p. 

Jameson, R.A., 2006, Identification and analysis of early flow paths in branchwork caves in West 
Virginia, USA.  In: Harmon, R.S, and Wicks, C.M. (Eds.),  Perspectives on karst 
geomorphology, hydrology, and geochemistry.  Geological Society of America Special Paper 
404, p. 23-30. 

DR2015013



15 
 

Jeannin, P.-Y., 1990, Néotectonique dans le karst du nord du lac de Thoune (Suisse).  Karstologia, #15, 
41-54. 

Knutson, S., 1979, Cuetzalan - Spring 1979.  AMCS Activities Newsletter, #10.  Association for 
Mexican Cave Studies, Austin, 64-69. 

Knutson, S., 1982, Sumidero Santa Elena.  NSS News, 40, 236-245. 
Knutson, S., 1984, Sumidero San Bernardo. AMCS Activities Newsletter, #14.  Association for Mexican 

Cave Studies, Austin, 80-81. 
Knutson, S., 1988, Sumidero of the Rio San Jose de Atima; the 1987 NSS expedition to Honduras. NSS 

News, 46(8), 320-326. 
Knutson, S., 1993, The great cave of the Rio San Ramón. NSS News, 51(3), 62-71. 
Kogovšek, J., and Petrič, M. 2007, Directions and dynamics of flow and transport of contaminanats 

from the landfill near Sežana (SW Slovenia).  Acta Carsologica, 26(3), 413-424. 
Lauritzen, S.-E., Abbott, J., Arnesen, R., Crossley, G., Grepperud, D., Ive, I., and Johnson, S., 1985, 

Morphology and hydraulics of an active phreatic conduit.  Cave Science (Transactions of the 
British Cave Research Association) 12, 139-146. 

Le Pennec, R., 1997, Délimitation du basin versant karstique de la Bienee (Haut-Jura, France) par la 
gćologie et les essais de traçage.  In: Jeannin, P.-Y. (Ed.), Proceedings of the 6th conference on 
limestone hydrology and fissured media.  University of Franche-Comté, Science et Techniques 
de l'Environnement, 39-42. 

Le Roux, P., 1981, Réseau de Foussoubie, France.  Detailed plan and profile of the cave. 
www.foussoubie.fr 

Limbert, H., 1992, Vietnam 1992: Return to the river caves of Quang Binh. International Caver, No. 5, 
19-25. 

Limbert, H., and Limbert, D., 1999, Vietnam '99: Cao Bang and Quang Binh.  International Caver, No. 
25, 3-12. 

Madelaine, E., 2001, World caves database: Eric.Madelaine@sophia.inria.fr, accessed August 2001 
MacGregor, K., 1976, Caves of Ontario.  In: Caves exploration in Canada, Ed: P. Thompson, 39-56. 
Magdelaine, J., 2006, Igue de Magic Boy.  Spelunca, No. 102. 
Maire, R., and J. Nicod, 1984, Aperçus sur hydrologie karstique des Alpes occidentales.  Karstologia, 

#3, 18-24.Maire, R., Barbary, J.-P., Zhang, S., Vanara, N., and Bottazzi, J., 2004.  Spéléologie et 
environnement en Chine.  Karstologie Mémoire, No, 9, 562 p. 

Martel, E.-A., 1894, Les abîmes, Delagrave, Paris,  594 p. 
Medville, D.M., Dasher, G.R., and Werner, E., 1983, An introduction to the caves of east-central West 

Virginia.West Virginia Speleol.Survey, 146 p. 
Medville, D.M., and Storage, W.K., 1986, Structural and stratigraphic influences on the development of 

solution conduits in the Upper Elk River Valley, West Virginia.NSS Bull., 48, 8-25. 
Meyer, B., and Davies, G., 2012, Personal communication, February, 2012. 
Mills, L.D.J, and Waltham, A.C., 1981, Geomorphology of the Matienzo caves.  Transactions of the 

British Cave Research Association, 8(2), 63-84. 
Minvielle, P., 1977, Grottes et canyons.  Denoël, Paris, 231 p. 
Miller, T.E., 1979a, A sketch of Columbian karst.  Canadian Caver, 11(1), 43-53. 
Miller, T.E., 1979b, Darknight, Belize.  Canadian Caver, 11(2), 14-17. 
Miller, T.E., 1980, Great Expectations Cave.  Canadian Caver, 12(2), 35-44. 
Miller, T.E., 1982, Hydrochemistry, hydrology and morphology of the Caves Branch karst, Belize.  

Unpubl. PhD thesis, McMaster University, 280 p. 
Miller, T., 1986, Chiquibul, 1986.  Canadian Caver, 16(2), 38-39. 

DR2015013



16 
 

Miller, T., 1989, Storming the Bastille.  Canadian Caver, 21(1), 7-11. 
MKBT, 1989, Baradla Barlang, 1:1000.  Magyar Karszt-és Barlangskutató Társulat, Budapest. 
Morfis, A., and Zojer, H., 1986, Karst hydrology of the central and eastern Peleponnesus, Greece. 

Steirische Beiträge zur Hydrogeologie, 37/38, 1-301. 
Mouret, C., Collignon, B., and Vacquié, J.-F., 1997, Giant underground rivers in central Laos. 

Proceedings of the 12th International congress of speleology, Volume 4, 57-60.  Swiss 
Speleological Society, La Chaux-de-Fonds. 

Mouret, C., Vacquié, J.-F., Collignon, B., Rolin, J., and Steiner, H., 2010, La rivière souterraine géante 
de Than Xé Bang Fai.  Spelunca No. 119, 35-45. 

Palmer, A.N., 1981, A geological guide to Mammoth Cave National Park.  Zephyrus Press, Teaneck, 
New Jersey, 196p. 

Palmer, A.N., 2004, Mammoth Cave Region, in Gunn, J., ed. Encyclopedia of caves and karst science: 
New York, Fitzroy Dearborn, p. 495-499. 

Palmer, A.N., 2007, Cave Geology, Cave Books, Dayton, 454 pp. 
Pernette, J.-F., and Maire, R., 1983, Le BU56, ou Sima de las Puertas de Illamina, Navarre, Espagne.  

Spelunca, #9, 25-34. 
Pont, A., and De Bie, P., 2014, Synthèse topographique, massif del la Pierre Saint Martin. 

http://s391384129.onlinehome.fr/arsip/ (accessed January 2014). 
Rigal, D., and Boyer, E., 1989, Le Red del Silencio, Monts Cantabriques, Espagne.  Spelunca, #36, 21-

27. 
Rodet, J., 1992, La craie et ses karsts.  Centre normand d'étude du karst et des cavités du sous sol, 

Elbeuf., 560 p. 
Sawatzky, K.D., 1988, Cave diving camp, Vancouver Island 1988.  Canadian Caver, 20(2), 10-17. 
Sawatzky, K.D., 1998, Ottawa River Caves. Canadian Caver, 29(1), 18-23. 
Shifflett, P., 1987, A return to Great Expectations.  NSS News, 44(6), 247-252. 
Skelton, J., and Miller, D.E., 1979, Tracing subterranean flow of sewage-plant effluent in Lower 

Ordovician dolomite in the Lebanon area, Missouri.  Ground Water, 17(5), 476-486. 
Smith, B., Hunt, B., and Schindel, G., 2005, Groundwater Flow in the Edwards Aquifer: Comparison of 

Groundwater Modeling and Dye Trace Results. In: Beck, B.F. (Ed.) Sinkholes and the 
Engineering and Environmental Impacts of Karst (2005).  American Society of Civil Engineers, 
Geotechnical Special Publication No. 144, 131-141. 

Spahl, R., 1983, Sumidero de Agueyaco.  Canadian Caver, 15(2), 46-49. 
Sweeting, M.M., 1973, Karst landforms.Columbia Univ. Press, 362 p. 
Thompson, P., 1972, Caving in Chiapas, Mexico.  Canadian Caver, 4(1), 8-21. 
Tracey, G., 1975, Caving in the Huixtan area: Cochol.  Canadian Caver, 7(1), 14, 31-33. 
Treffot, G., 1992, Spéléologie et hydrologie karstique du département de l'Aube.  Spelunca No. 44, 32-

47. 
Uramović, K., Vazdar, T., Dragičević, and Tomljenović, B., 1997, Environmental impact on karst 

aquifers in Istria in Western Croatia. 
Waltham, A.C., 1970, Cave development in the limestone of the Ingleborough District.  Geographical 

Journal, 136, 574-585. 
Waltham, A.C., 1971, Controlling factors in the development of caves.  Transactions of the Cave 

Research Group of G.B., 13, 73-80. 
Waltham, A.C., 1974, Limestone and caves of north-west England.  David and Charles, Newton Abbot, 

477p. 
Waltham, A.C., 1974, The geomorphology of the caves of North-West England.  In: Limestone and 

DR2015013



17 
 

caves of north-west England (Ed. A.C. Waltham).  David and Charles, Newton Abbot, 79-105. 
Waltham, A.C., 1976, Tigris Tunnel, Turkey.  British Cave Research Association Bulletin, #14, 31-34 
Waltham, A.C., 1977, White Scar Cave.  Transactions of the British Cave Research Association, 4(3), 

345-353. 
Waltham, A.C., 1981, The origin and development of limestone caves.  Progress in Physical Geography, 

5, 242-256. 
Waltham, A.C., 1983, Valley excavation in the Yorkshire Dales karst.  In: New directions in karst (Eds. 

K. Paterson and M.M. Sweeting), Geo Books, Norwich, 541-550. 
Waltham, A.C., 1986, China Caves '85.  Royal Geog. Soc., London, 60p. 
Waltham, A C, 1990, Geomorphic evolution of the Ingleborough karst.  Cave Science Vol. 17, 9-18 
Waltham, A C, 2004, Mulu, Sarawak.  531-533 in Gunn, J (ed) Encyclopedia of caves and karst science 

[New York: Fitzroy Dearborn]. 
Waltham, A.C., Brown, R.D., and Middleton, T.C., 1985, Karst and caves of the JabalAkhdar, Oman.  

Cave Science, 12(3), 69-79. 
Waltham, A.C. and Brook, D.B., 1980a, The Three Counties System.  Transactions of the British Cave 

Research Association, 7, 121. 
Waltham, A.C. and Brook, D.B., 1980b, Geomorphological observations in the limestone caves of the 

Gunung Mulu National Park, Sarawak.  Transactions of the British Cave Research Association, 
7, 123-139. 

Waltham, A.C., Brook, D.B., Statham, O.W., and Yeadon, T.G., 1981, Swinsto Hole, Kingsdale: a type 
example of cave development in the limestone of Northern England.  Geographical Journal, 147, 
350-353. 

Waltham, A.C. and Hatherley, P., 1983, The caves of Leck Fell.  Transactions of the British Cave 
Research Association, 10, 245-247. 

Waltham, A.C., Simms, M.J., Farrant, A.R., and Goldie, H.S., 1997, Karst and Caves of Great Britain, 
Chapman and Hall, London, 358 p. 

Wisenbaker. M., 2007, Explorers connect America's longest underwater cave to Wakulla Springs.  NSS 
News, 65(12), 2-11. 

Worthington, S.R.H., 1991, Karst hydrogeology of the Canadian Rocky Mountains.  Unpublished Ph.D. 
thesis, McMaster University, 380 p.  

Worthington, S.R.H., 2013, Development of ideas on channel flow in bedrock in the period 1850-1950: 
Groundwater, 51(5), 804-808. 

 
 
 
 

DR2015013




