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Ab stract. – Hypogenic caves de velop by re charge from be low, not di rectly in flu enced by seep age from the over ly ing
land sur face. Sev eral pro cesses of speleogenesis are com bined, in volv ing CO2 or H2S pro duced at depth. If the re charge
from depth re mains uni form, the growth of se lected fis sures is pre vented, giv ing rise to maze cave sys tems with an up -
ward de vel op ment trend, which is de fined as “trans verse speleogenesis” [Klimchouk, 2003]. Hypogenic caves are much
fewer than epigenic caves (i.e. de vel oped down wards by me te oric wa ter with aggressivity de rived from soil). In France,
as in the rest of the world, hypogenic caves were poorly rec og nized un til re cently be cause of their lower fre quency, sub -
se quent epigenic im print of ten hid ing the true or i gin, and the ab sence of a global con cep tual model. How ever, about a
hun dred of hypogenic caves have been iden ti fied re cently in France. The ex treme di ver sity of hypogenic cave pat terns
and fea tures is due to the va ri ety of geo log i cal and top o graphic set tings and types of flow.

Ther mal ca ves are a sub-set of hy po ge nic ca ves. Active ther mal ca ves are few and small (Mas d’En Ca ra man, Val -
lon du Sa lut). Often, ther mal in fluen ces only oc cur as point ther mal in fee ders into epi ge nic ca ves (Mes cla, Estra mar). In 
ad di tion to the hig her tem pe ra ture, they may be cha rac te ri zed by CO2 (Ma de leine) or H2S de gas sing, by warm wa ter flo -
wing in cei ling chan nels, or by man ga nese de po sits. The Giant Phrea tic Shafts lo cate along re gio nal ac tive faul tli nes.
They com bine all cha rac te ris tics (ther mal, CO2, H2S), due to the fast ri sing of deep wa ter. The Sa lins Spring has been
ex plo red by scu ba di ving down to –70 m. Such a hy per kars ti fi ca tion is res pon sible for the de ve lop ment of the dee pest
phrea tic shafts of the world: poz zo del Mer ro, Ita ly (-392 m).

Inac tive hy po ge nic ca ves may be re co gni zed by their spe ci fic mi ne ra li za tion or by the pre sence of large cal cite
spar. Me tal lic de po sits are due to the ri sing of deep wa ters that are warm, ag gres sive, and low in oxi da tion po ten tial.
Mixing with me teo ric wa ter ge ne ra tes Mis sis sip pi Val ley Type (MVT) sul fi dic ores. Iron de po sits as mas sive bo dies
(La gnes) or onto mi cro bial me dia (Ibous siè res, Ma la coste) ma king spe ci fic fa cies, such as “black tu bes”, iron fla kes,
and iron pool fin gers. Other fre quent mi ne rals are Mn oxi des and Pb sul fur. In such low ther mal condi tions, cal cite de -
po sits oc cur as large spar in geo des or as pas sage li nings.

Other inac tive hy po ge nic ca ves may also be re co gni zed by cha rac te ris tic pat terns, such as ma zes. The re la ti ve ly
cons tant re charge into confi ned karst aqui fers sup pres ses fis sure com pe ti tion, so they en large at si mi lar ra tes, pro du cing 
a maze pat tern. In ho ri zon tal beds, ma zes ex tend cen tri fu gal ly around the up wel ling fee der. The jux ta po si tion of mul -
tiple dis crete ver ti cal fee ders pro du ces ex ten ded ho ri zon tal ma zes. In gen tly til ted struc tu res, 2D ma zes ex tend be low
aqui tards, or along bed ding or more po rous beds (Saint-Sé bas tien). In thick fol ded li mes tone the ri sing hy po ge nic flow
al ter na ti ve ly fol lows joints and bed ding pla nes, pro du cing a 3D maze cave in a stair case pat tern (Pi gette). Iso la ted
cham bers are large cu po la-like cham bers fed by ther mal slots. Ther mal convec tion of air in a CO2-rich at mos phere cau -
ses conden sa tion-cor ro sion that quic kly pro du ces voids above the wa ter table (Cham pi gnons Cave).

Sul fu ric acid ca ves with re pla ce ment gyp sum are pro du ced by H2S de gas sing in the cave at mos phere. H2S oxi di -
zes to H2SO4, which cor ro des the car bo nate rock and re pla ces it with gyp sum. The stron gest cor ro sion oc curs above the
wa ter table, where sul fide de gas sing and ther mal convec tion pro duce strong conden sa tion-cor ro sion. Ca ves de ve lop
head ward from springs and from ther mo-sul fu ric slots up ward (Che val ley-Ser pents Sys tem). The low-gra dient main
drains re cord base-le vel po si tions and even the sligh test sta ges of wa ter-table lo we ring (Chat Cave).

Hy po ge nic spe leo ge ne sis pro vi des bet ter un ders tan ding of the dis tri bu tion of karst voids res pon sible for sub si -
dence ha zards and the em pla ce ment of mi ne rals and hy dro car bons.

Les cavités hypogènes en France. Processus de spéléogenèse et morphologie des réseaux
karstiques

Mots-clés. – Ca vi tés hy po gè nes, Spé léo ge nèse, Hy dro ther ma lisme, Cor ro sion sul fu rique, Ré seau la by rinthe, Mi ne rai sul fu rique,
Con den sa tion-cor ro sion

Ré su mé. – Les ca vi tés hy po gè nes se dé ve lop pent par re charge sous-ja cente, sans in fluence di recte des in fil tra tions en
sur face. Plu sieurs pro ces sus de spé léo ge nèse se com bi nent, im pli quant no tam ment le CO2 ou l’H2S is sus des pro fon -
deurs. La re charge pro fonde cons tante em pêche l’élar gis se ment sé lec tif au pro fit de fis su res pré fé ren tiel les, pro dui sant
par consé quent des ré seaux la by rin thi ques se dé ve lop pant vers le haut, ce qui cor res pond à la « spé léo ge nèse trans -
verse » [Klim chouk, 2003]. Au re gard des ca vi tés épi gè nes (qui se dé ve lop pent vers le bas sous l’ef fet des in fil tra tions
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d’eau mé téo rique rendue agres sive lors de la tra versée des sols), les ca vi tés hy po gè nes sont mi no ri tai res. En France, tout 
comme dans le reste du monde, les ca vi tés hy po gè nes res tent peu re con nues, du fait de leur faible fré quence, de l’em -
preinte épi gène pos té rieure pou vant mas quer l’ori gine réelle, et du manque d’un mo dèle concep tuel glo bal. Néan moins,
une cen taine de ca vi tés hy po gène a ré cem ment été iden tifiée. La di ver si té ex trême des ré seaux et des mor pho lo gies est
due aux contex tes géo lo gi ques et to po gra phi ques, ain si qu’aux mo da li tés d’écou le ment.

Les grot tes ther ma les sont un sous-type des ca vi tés hy po gè nes. Les ca vi tés ac ti ves sont ra res et peu dé ve lop pées
(sour ces du Mas d’En Ca ra man, du Val lon du Sa lut). Sou vent, l’in fluence hy po gène se li mite à des ar ri vées ther ma les
dans les ca vi tés épi gè nes (sour ces de la Mes cla, font Estra mar). Hor mis la tem pé ra ture plus élevée, cer tai nes émet tent
du CO2 (grotte de la Ma de leine) ou de l’H2S, pré sen tent des cir cu la tions chau des en che naux de pla fond et des dé pôts de 
man ga nèse. Les puits noyés géants se lo ca li sent sur les grands li néa ments ac tifs. Ils com bi nent tou tes ces ca rac té ris ti -
ques (ther mal, CO2, H2S) grâce aux re mon tées ra pi des d’eaux pro fon des. Une telle hy per kars ti fi ca tion est à l’ori gine
des plus pro fonds puits noyés du monde: poz zo del Mer ro, Italie (-392 m). En France, la source de Sa lins a été re connue 
en plongée jus qu’à 70 m de pro fon deur.

Lors qu’el les sont de ve nues inac ti ves, les ca vi tés hy po gè nes peu vent s’iden ti fier par la pré sence de mi né ra lisa -
tions spé ci fi ques ou par de grands cris taux de cal cite. Les dé pôts mé tal li ques dé cou lent des as cen dan ces d’eaux pro fon -
des, chau des, agres si ves et ré dui tes. Le mé lange avec les eaux mé téo ri ques est à l’ori gine des mi ne rais de type
Mis sis sip pi Val ley (MVT). Le fer ap pa raît en amas mas sif (grotte de La gnes) ou en dé pôts va cuo lai res sur sup port mi -
cro bien (grotte des Ibous siè res, car rière de Ma la coste), don nant des fa ciès par ti cu liers, no tam ment les black tu bes et
pool fin gers. Les au tres mi né raux fré quem ment as so ciés sont les oxy des de Mn et la ga lène. Dans ces condi tions hy po -
ther ma les, la cal cite se dé pose en grands cris taux cou vrant les pa rois des conduits et les géo des.

Un autre cri tère d’iden ti fi ca tion est la forme ca rac té ris tique de ré seau, en par ti cu lier le la by rinthe. La re charge
cons tante des aqui fè res kars ti ques confi nés ne per met pas la com pé ti tion entre fis su res, qui de fait s’élar gis sent uni for -
mé ment, don nant un la by rinthe. En struc ture ho ri zon tale, le la by rinthe s’étend de ma nière cen tri fuge au tour du point
d’ali men ta tion hy po gène. La jux ta po si tion d’ali men ta tions hy po gè nes pro duit de grands la by rin thes ho ri zon taux. En
struc tu res peu in cli nées, les la by rin thes en 2D s’éten dent sous un aqui tard, ou bien le long de joint de strate ou d’un lit
plus po reux (grotte de Saint-Sé bas tien). En ré gion plissée, les écou le ments hy po gè nes as cen dants uti li sent al ter na ti ve -
ment les joints de strate et les fis su res, don nant un la by rinthe en forme d’es ca lier en 3D (grot tes de Pi gette). Les sal les
iso lées sont de grands vi des hé mis phé ri ques ali men tés par des fis su res ther ma les. Les convec tions ther mi ques dans une
at mos phère riche en CO2 fa vo ri sent la conden sa tion-cor ro sion qui per met le dé ve lop pe ment ra pide de tels vi des, au-des -
sus de la zone noyée (grotte des Cham pi gnons).

Les grot tes sul fu ri ques avec gypse de rem pla ce ment sont pro dui tes par le dé ga zage d’H2S qui s’oxyde en H2SO4,
le quel cor rode le cal caire et le rem place par du gypse. Cette cor ro sion est in tense au-des sus de la zone noyée où le dé ga -
zage sul fu rique et les convec tions ther ma les pro dui sent une puis sante conden sa tion-cor ro sion. Les ca vi tés se dé ve lop -
pent de ma nière ré gres sive à par tir de l’émer gence et en re mon tant à par tir des points d’ali men ta tion ther mo-sul fu ri ques 
(ré seau Che val ley-Ser pents). Le conduit prin ci pal, de faible gra dient, en re gistre les po si tions suc ces si ves du ni veau de
base, y com pris les abais se ments mi neurs (grotte du Chat).

La spé léo ge nèse hy po gène con tribue à une meil leure com pré hen sion de la dis tri bu tion des vi des kars ti ques res -
pon sa bles du risque de sub si dence, des mi né ra li sa tions associées, ain si que des hy dro car bu res.

INTRODUCTION

Definition

The de vel op ment of caves by hypogenic pro cesses (i.e.
“hypogenic speleogenesis”) cor re sponds to “the for ma tion
of caves by wa ter that re charges the sol u ble for ma tion from
be low, driven by hy dro static pres sure or other sources of
en ergy, in de pend ent of re charge from the over ly ing or im me -
di ately ad ja cent sur face” [Ford, 2006]. Hypogenic caves –
of ten re ferred to as “ther mal caves” or “sul fu ric acid caves” 
– were of ten con sid ered as an “ex otic” side of the “nor mal”
(i.e. me te oric) caves. Palmer [1991] es ti mated that about
10% caves have hypogenic or i gin. Re cent stud ies [over view 
in Klimchouk, 2007] have em pha sized the spe cific hydro -
geological back ground and shown that hypogenic caves are
much more com mon than pre vi ously thought. This gap re -
sults firstly from a pre vi ous lack of a global con cep tual
model and lots of hypogenic caves were mis in ter preted as
epigenic; sec ondly, due to tec tonic up lift ing, hypogenic
caves de vel oped at depth are pro gres sively moved to ward
shal lower depth, where epigenic pro cesses may change
their as pect, ob scur ing their true or i gin.

The hypogenic karst is thus the op po site of the “clas si cal”
epigenic karst, where sur face wa ter be com ing ag gres sive

while tra vers ing the soil and pro duces karst net works by
seep age, in which highly ir reg u lar re charge, phys i cal char -
ac ter is tics, and chem i cal com po si tion are typ i cal. On the
con trary, be cause of the deep or i gin of ris ing wa ter, the
hypogenic cave sys tems are in de pend ent of sur face con di tions,
or at least not di rectly in flu enced by seep age. Con se quently,
the hydrologic char ac ter is tics (dis charge, tem per a ture, and
min er al iza tion) are more reg u lar, es pe cially where mix ing
with me te oric wa ter is lim ited.

Speleogenesis processes

Most hypogenic speleogenesis oc curs with the mix ing of wa -
ters of dif fer ent or i gin and thus of dif fer ent phys i cal and
chem i cal char ac ter is tics [Palmer, 2000]: at depth in con verg -
ing zones; at shal low depth or close to the dis charge ar eas
where deep wa ter and me te oric wa ter are mix ing. In these
con di tions, the mix ing pro duces chem i cal dis equi lib rium al -
low ing dis so lu tion, par tic u larly when CO2 con cen tra tions
dif fer in both so lu tions. The car bonic com po nent orig i nates
from depth (man tle de gas sing, meta mor phism, de cay ing of
or ganic com po nents). At depth, sul fates can be re duced by
mi cro bial ac tiv ity to pro duce H2S, which even tu ally ox i dizes to
H2SO4. Cool ing of ris ing wa ter the o ret i cally boosts the sol u bil -
ity of cal cite. Fi nally, do lo mite sol u bil ity in creases with the
pres ence of sul fates by in con gru ent dis so lu tion [Palmer, 2006].
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Such a va ri ety of pro cesses (car bonic, sulfidic), of phys i -
cal char ac ter is tics (ther mal/cold), and of hydrogeological
set tings (deep seated, shal low phreatic, vadose), com bined
with the di ver sity of geo logic and top o graphic set tings, pro -
duce an out stand ing di ver sity of hypogenic caves, rang ing
from en tire cave sys tems, to wall fea tures, and fa cies de pos -
its [Audra, 2006, 2007].

Even though ex tremely di verse, the com mon de nom i na -
tor of hypogenic caves is to be “out of the or di nary”, or at
least to be very dif fer ent from neigh bor ing epigenic caves.
Our in ves ti ga tions in France re in ter pret the gen e sis of about 
hun dred caves, which clearly ap pear to be hypogenic. We
will fo cus here on about 35 caves, which are the most sig -
nif i cant (fig. 1, tabl. I). If hypogenic caves gen er ally re main 
far fewer than epigenic caves, some con texts oc cur where
hypogenic cave are pre dom i nant.

In this pa per, we de scribe hypogenic caves in France ac -
cord ing to their main char ac ter is tics, such as hy dro dy nam -
ics, un usual min er al iza tion, pe cu liar cave pat terns, or
so lu tion pro cesses.

THE ACTIVE CAVES: THERMAL CAVES AND
GIANT PHREATIC SHAFTS

Ac tive ther mal caves are few and small (Chevalley
Shaft-Ser pents Cave, in fra). Ad di tionally, in some epigenic
caves fed by me te oric seep age, sev eral ther mal feed ers are
known: Mescla Cave (Alpes-Maritimes), Gourg de l’Antre
Spring (Pyrénées-Orientales) [Salvayre, 1978]. Sev eral
ther mal sumps have been ex plored over short dis tances
(springs of Mas d’En Caraman and of Vallon du Salut).
Along the shore line of the Pyrénées-Orientales, at the Font
Estramar Spring, less dense wa ter orig i nat ing from the
“Warm gal lery” flows along a ceil ing chan nel and pre cip i -
tates man ga nese [Brandt, 2003]. The grotte de la Mad -
eleine, in the Gardiole pla teau (Hérault), is known for CO2
de gas sing. In the Alpes-de-Haute-Pro vence, the ther mal
springs of Sorine and of Salaou (which means “salty”) exit
from short caves in gyp sum [Toro, 1988]. The Salins Spring 
(Savoy) is a gi ant phreatic shafts, ex plored by scuba div ing
down to –70 m (fig. 2) [Hobléa, 1999]. The sul fate and
chlo ride con tent is char ac ter is tic of the Tri as sic evaporites.

Bull. Soc. géol. Fr., 2010, no 4

HY PO GE NIC CA VES IN FRANCE 329

FIG. 1. – Dis tri bu tion of hy po ge nic ca ves in France. Ty po lo gy ac cor ding to the pre do mi nant cha rac ter. They clus ter in oro ge nic belts, along large fault li -
nes, and in some pla teaus. Li mes tone karst out crops are shown in grey sur fa ces, main fault in grey li nes.
FIG. 1. – Carte de ré par ti tion des ca vi tés hy po gè nes en France, se lon leur ca rac té ris tique pré do mi nante. Elles se concen trent dans les ré gions oro gé ni -
ques, le long des grands li néa ments, et dans cer tai nes ré gions de pla teaux. Les ré gions kars ti ques fi gu rent en sur fa ces gri ses, les prin ci paux li néa ments
sont re pré sen tés par des traits gris.



Fast upwelling along the Mid dle-Tarentaise fault causes
high tem per a ture, high load of dis solved car bon ates, and ra -
dio ac tiv ity.

In ac tive tec tonic ar eas, ris ing warm wa ters de gas sing
CO2 and H2S con cen trate speleogenetic pro cesses along
ma jor fault lines. Such in tense karstification is re spon si ble
for the de vel op ment of the deep est phreatic shafts of the
world: pozzo del Merro, It aly (–392 m); El Zacaton, Mex ico
(–329 m,); Hranica Propast, Czech Re pub lic (–267 m).

Caves with mineralization and spar

Deep wa ters, be ing warm, acid, and low in ox i da tion po ten -
tial, pass through and weather endogenic and sed i men tary
rocks. Thus the wa ter ac quires a high load of dis solved min -
er als. At shal low depth, these dis solved spe cies pre cip i tate
due to loss of CO2 as it ap proaches the wa ter ta ble, to mix -
ing with me te oric wa ter, to ox i da tion of sul fides, and to the
ac tiv ity of chemiolithotrophic mi crobes (which gain their
en ergy from ox i da tion of min eral com pounds).

Me tal lic el e ments (Fe, Pb, Zn, Ag, Cu…) com bine with
sulfidic com pounds to form Mis sis sippi Val ley Type (MVT) 
sulfidic ores, con cen tra tions of which are some times of eco -
nomic size [Audra and Hofmann, 2004]. Iron de pos its form
mas sive bod ies (Lagnes Cave-mine, Vau cluse), wall crusts
(Baume Galinière Cave, pe riph ery of the Vau cluse pla teau;
Viviers Caves, Ardèche), coat ings on mi cro bial me dia (fig. 3),
iron ag glom er ates as flakes (TGV Cave and Iboussières
Cave; Malacoste quarry), or pool fin gers around mi cro bial
fil a ments (Malacoste quarry). The chan nels cut by the
Malacoste quarry show a seg re ga tion of Fe and Mn min er -
als, re sult ing from the evo lu tion of the re dox con di tions
along the hypogenic chim ney. Ex am ples where iron is wide -
spread in clude the Oilloki Cave-mine (Pyrénées), which has 
been mined for ga lena [Audra, 2009], and the Grande
Vernissière Mine (Cévennes), which con tains masses of flu -
o rite, bar ite, smithsonite, and ga lena.
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FIG. 2. – The Sa lins Spring, Sa voy, a giant phrea tic shaft, ex plo red by scu -
ba di ving down to –70 m [Ho bléa, 1999]. The re charge of giant phrea tic
shafts by deep up wel ling oc curs along re gio nal fault li nes. In vol ca nic area, 
the flow is ge ne ral ly as so cia ted with mag ma tic bo dies.
FIG. 2. – Source de Sa lins, Savoie, puits géant noyé re con nu jus qu ’à – 70 m 
[Ho bléa, 1999]. L’a li men ta tion s’ef fectue par des re mon tées pro fon des le
long de gran des fail les. Dans les ré gions ac ti ves, les re mon tées sont gé né -
ra le ment as so ciées aux corps mag ma ti ques.

FIG. 3. – Iron mi ne ra li za tions. Left: Ibous siè res Cave (Ma la ta verne, Drôme): “black tu bes” of iron oxi des-hy droxi des (goe thite-he ma tite) li ning wall chan -
nels (pho to. J.-Y. Bi got). Inset: de tail of iron oxi des de po si ted as fla kes on mi cro bial me dia; sample width: 9 cm. Right: iron oxide pool fin gers (goe thite,
he ma tite), de po si ted on mi cro bial fi la ments han ding from the cei ling; sample width: 11 cm (ima ges Ph. Au dra).
FIG. 3. – Mi né ra li sa tions fer reu ses. Gauche : grotte des Ibous siè res (Ma la ta verne, Drôme) : « tu bes noirs » d’oxy des de fer (goe thite-hé ma tite) mou lant
des che naux de pa roi (pho to. J.-Y. Bi got). En vi gnette, dé tail de fer dé po sé en co peaux sur sup port mi cro bien, lar geur de l’é chan til lon : 9 cm. Droite : ba -
guet tes (pool fin gers) de fer (goe thite, hé ma tite), dé po sés sur fi la ments mi cro biens en pla fond. Lar geur de l’é chan til lon : 11 cm (ima ges Ph. Au dra).
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Upwelling of deep wa ter may in duce CO2 de gas sing,
which leads to supersaturation with re spect to cal cite. Un -
der wa ter cal cite forms large spar crys tals (fig. 4), or very
sel dom folia [Audra et al., 2009]. Most crys tals are trigonal
rhom bo he dra that orig i nate from low-grade hy dro ther mal
con di tions [Dublyansky and Smirnov, 2005], as at Pont de
la Caille, Viviers, Chaire à Prêcher, and Col de la
Cardonille. Along the Cevennes Fault, fluid in clu sions in
cal cite spar in di cate crys tal li za tion tem per a tures higher than 
70oC at the Baravon Cave (Ardèche) and 50 to 70oC in a ge -
ode cut by the Aven de la Leicasse (Larzac) [Häuselmann,
unpubl.].

Wind Cave and Jewel Cave (Black Hills, USA) are show 
caves, which are fa mous for their cal cite spar lin ing, as so ci -
ated in places with man ga nese de pos its. These char ac ter is -
tics are due to the ponding of slightly ther mal wa ter by
thick con ti nen tal sed i ments that blocked for mer springs
[Palmer and Palmer, 2000; Palmer et al., 2009].

INACTIVE HYPOGENIC CAVES WITH
CHARACTERISTIC PATTERNS: MAZES AND
CUPOLA-CHAMBERS

The re charge of con fined karst aqui fers oc curs through sur -
round ing po rous or fis sured aqui fers and by dis tant in fil tra -
tion where the karst aqui fer it self out crops. Where
dis charge takes place, flow mainly con cen trates along ver ti -
cal joints that con nect dif fer ent aqui fers [Klimchouk, 2007]. 
The lim ited hy drau lic con duc tiv ity of the sur round ing aqui -
fers does not al low the dis charge to in crease as the karst fis -
sures en large. The ab sence of com pe ti tion pre vents the
con ver gence of the ini tial karst pas sages to ward a main
drain. Con se quently, the en tire fis sure net work is en larged
at the same rate, pro duc ing a maze pat tern re flect ing the
joint pat tern. In hor i zon tal beds, mazes ex tend cen trif u gally
around the upwelling feeder. The jux ta po si tion of sev eral
dis crete ver ti cal feed ers pro duces ex tended hor i zon tal
mazes. It gives the false im pres sion of hor i zon tal flow
through the whole karst aqui fer, whereas flow is mainly ver -
ti cal (ex cept lo cally). This pat tern is de fined as “trans verse
speleogenesis” [Klimchouk, 2003]. It is thought that most
of ex tended hor i zon tal mazes owe their or i gin to trans verse
(i.e. ver ti cal) speleogenesis. Con se quently, the ab sence of
feed back com pe ti tion within karst fis sures to pro duce a maze 
pat tern is of ten an at trib ute of hypogenic speleogenesis.

In gently tilted struc tures, the struc tural dis con ti nu ities
(less per me able stra tum at the ceil ing, open bed ding-plane
part ing, or bed with higher po ros ity) al low the de vel op ment
of ex tended 2D mazes. Pas sages are hor i zon tal or gently

FIG. 4. – Geode li ned with cal cite spar. Cave in Ardèche, not lo ca ted for
conser va tion rea sons (Pho to. P. De co ninck).
FIG. 4. – Géode de cal cite en rhom boè dres tri go naux. Grotte en Ardèche,
lo ca li sa tion non di vulguée pour rai son de conser va tion (Pho to. P. De co -
ninck).

FIG. 5. – The cave of Saint-Sé bas tien (Gréoux-les-Bains, Alpes-de-Haute-Pro vence) is a 2D maze. It is an in cli ned pla nar maze confi ned be low a mar ly
cei ling. Dip is orien ted to ward the SE, the ther mal wa ter rose to ward the NW (to ward left on the sketch)
FIG. 5. – La grotte de Saint-Sé bas tien (Gréoux-les-Bains, Alpes de Haute-Pro vence) pré sente un la by rinthe dé ve lop pé se lon un plan en 2D, confi né sous
un toit mar neux in cli né, de pen dage SE, l’eau re mon tait vers le NW (à gauche).



in clined along the dip. The Denis Parisis Sys tem in the
Paris ba sin ex tends in a Ludian gyp sum bed; the
Saint-Sébastien cave has de vel oped be low a marly ceil ing
(fig. 5); the Baume des Pierres (close to Gréoux-les-Bains)
fol lows an open part ing be tween thick lime stone beds. In
Charente, the ex tended mazes (Fosse Mo bile Shaft, etc.)
could be of the same or i gin.

In thick folded lime stone, ris ing flow al ter na tively fol -
lows joints and bed ding planes, pro duc ing a 3D maze cave
in a stair case pat tern. Gen erally the cave dis plays a main
trunk where hypogenic flow was ris ing, sur rounded by 3D
mazes of smaller size: Adaouste, Tranchée de la Barque,
and Pigette Caves (fig. 6). Where only a short part of the
cave is ac ces si ble, or where pas sages are not pen e tra ble, the 
pres ence of ceil ing chan nels where wa ter was ris ing could
in di cate a hypogenic or i gin (Boisson quarry; Thermes Cave 
at Digne-les-Bains). How ever, these ceil ing chan nels must
not be mis in ter preted as paragenetic [Audra, 2006].

Many iso lated hypogenic cham bers are huge voids at
the re gional scale. The cu pola-like cham bers are fed by
ther mal slots (fig. 7). They de velop just above the wa ter ta -
ble: the ther mal flux fa vors moist air con vec tion in a
CO2-rich at mo sphere orig i nat ing from strong de gas sing.
Grad ually the con den sa tion-cor ro sion en larges the void
above the wa ter ta ble, even tu ally pro duc ing large iso lated
cham bers [Audra et al., 2002]. Geo chem i cal mod el ing
shows that such a vol ume can de velop in a rather short time
span, about 10000 years, even with a mod er ate pCO2 and
ther mal gra di ent [Lismonde, 2003]. Bakhardenskaya in
Turkmenistan is a huge cham ber open to the sur face, ex -
tend ing down to a thermo-sul fu ric lake. In this ex am ple,
con den sa tion-cor ro sion is en hanced by sul fu ric acid, which
re places lime stone walls by gyp sum crusts [Dublyansky,
1980]. From an other view point, Frumkin and Fischhendler
[2005] as sign the or i gin of such iso lated cham bers to

phreatic con vec tions, on the ba sis of ob ser va tions in Atarot
Cave in Is rael.

SULFURIC ACID CAVES CONTAINING
REPLACEMENT GYPSUM

Deep H2S-rich wa ters can be ag gres sive with re spect to
lime stone. At shal low depth, mix ing with me te oric wa ter al -
lows ox i da tion to sul fu ric acid (H2SO4) that cor rodes the
lime stone. The stron gest cor ro sion oc curs above the wa ter
ta ble, where sul fu ric acid and ther mal con vec tion pro duce
strong con den sa tion-cor ro sion. At mo spheric cor ro sion pro -
duces gyp sum af ter lime stone, where the gyp sum forms
crusts on the cave walls [Egemeier, 1981]. Caves de velop
where at mo spheric con den sa tion-cor ro sion is pos si ble, i.e.
above the out lets for sul fide-rich wa ter. Con se quently, the
main drain de vel ops headward from the spring, while con -
den sa tion domes above the sulfidic slots de velop up ward
and may breach the sur face (fig. 8) [Audra, 2007].

Due to the strong sul fu ric acid cor ro sion, the flow pro -
duces a main drain with very low gra di ent (0.07% at Chat
Cave). Mi nor changes in base level cause the flow to mi -
grate lat er ally, to form in cip i ent mazes [Audra, 2007].
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FIG. 6. – The Pi gette Cave (Gréoux-les-Bains, Alpes-de-Haute-Pro vence)
is a 3D maze. It de ve lo ped in the shal low phrea tic zone. Ri sing flow al ter -
na ti ve ly en lar ged bed ding pla nes and ver ti cal joints, pro du cing a stair -
case-like pat tern.
FIG. 6. – Les grot tes de Pi gette (Gréoux-les-Bains, Alpes de Haute-Pro -
vence) pré sen tent un sys tème dé ve lop pé sous le toit de la zone noyée par
les re mon tées ther ma les, sui vant les dis con ti nui tés struc tu ra les (pen dage
in cli né, frac tu res ver ti ca les).

FIG. 7. – The Cham pi gnons Cave (Sainte-Vic toire mas sif) is an iso la ted
cham ber. Ther mal hy po ge nic flow de gas sed CO2 at shal low depth. Ther mal 
convec tion en han ced conden sa tion-cor ro sion to de ve lop a large iso la ted
cham ber more than 50 m wide, which tends to ward a he mis phe ri cal shape.
Si mul ta neous ly, mas sive cal cite de po sits oc cur red in the lake, which was
su per sa tu ra ted with cal cite be cause of CO2 de gas sing [Au dra et al., 2002;
Lis monde, 2003].
FIG. 7. – Dans la grotte des Cham pi gnons (Puy lou bier, Bou ches-du-Rhône),
le flux hy po gène ther mal dé ga zait à proxi mi té de la sur face pié zo mé trique,
fa vo ri sant si mul ta né ment une cor ro sion dans les pa na ches ther maux et un
dé pôt de cal cite dans le lac sur sa tu ré par dé ga zage. Les convec tions ther mi -
ques dans l’at mos phère chargée en CO2  fa vo ri saient la conden sa tion-cor ro -
sion et le dé ve lop pe ment d’une vaste salle-cou pole de plus de 50 m de
dia mètre [Au dra et al., 2002 ; Lis monde, 2003].



Ma jor base-level low er ing makes suc ces sive hor i zon tal cave 
lev els. The clear est ex am ples of wa ter-ta ble sul fu ric caves
are Villa Luz Cave (Mex ico), Chat Cave (France), and Kane 
Caves (USA). The Frasassi Caves dis play cave lev els that

re cord past stages of base-level low er ing [e. g. Galdenzi and
Menichetti, 1995], whereas Villa Luz Cave dis plays a sim -
pler pat tern with a sin gle level [e.g. Hose and Pisarowicz,
1999].
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FIG. 8. – A wa ter-table sul fu ric acid cave. Head ward evo lu tion by conden sa tion-cor ro sion along the wa ter table, sup plied by ma jor sul fu ric up wel ling along 
a frac ture. Si mul ta neous ly, hy dro ther mal condi tions lift the hot air, conden sa tion-cor ro sion oc curs, bells and chim neys de ve lop, and some fi nal ly break
through to the sur face. The white ar rows in di cate the di rec tion of cave de ve lop ment (ins pi red by Vil la Luz Cave, Mexi co).
FIG. 8. – Ca vi té sul fu rique de sur face pié zo mé trique. Évo lu tion ré gres sive du conduit le long de la sur face pié zo mé trique, ali mentée par des re mon tées sul -
fu ri ques le long d’une frac ture. Si mul ta né ment, le ther ma lisme pro voque des as cen dan ces d’air chaud, de la conden sa tion-cor ro sion, et la for ma tion de
clo ches et che mi nées pou vant dé bou cher en sur face. Les flè ches dé si gnent la di rec tion de dé ve lop pe ment des vi des (ins pi ré de la grotte de Vil la Luz, Ta bas -
co, Mexique).

TABLE I. – Lo ca tion and main cha rac te ris tics of the most si gni fi cant hy po ge nic ca ves in France.
TABL. I. – Lo ca li sa tion et ca rac té ris ti ques des prin ci pa les ca vi tés hy po gè nes en France.



In France, the Chevalley Shaft-Ser pents Cave Sys tem
(Aix-les-Bains, Savoy) is one of the rare ac tive sul fu ric acid 
caves, where up wardly den dritic cu po las de velop by con -
den sa tion-cor ro sion [Audra et al., 2007]. The Chat Cave
(Daluis, Alpes-Maritimes), even though no lon ger ac tive,
dis plays the most out stand ing sul fu ric acid fea tures: re -
place ment pock ets at points of sul fu ric acid cor ro sion, cor -
ro sion ta bles smoothed by sul fu ric acid con den sa tion, and
con den sa tion domes pro duced by cor ro sive con vec tions
[Audra, 2006].

CONCLUSION

“Clas sic” epigenic caves, the most nu mer ous caves of all,
de velop down ward by rapid flow whose aggressivity co mes
from biogenic ac ids. On the con trary, hypogenic caves de -
velop along ris ing, slow-mov ing flows. Such flows are of ten
but not sys tem at i cally, ther mal, highly min er al ized, and low 
in ox y gen. At shal low depth, cool ing, mix ing, change in re -
dox con di tion, and de gas sing fa vor the de po si tion of me tal -
lic sul fur (Fe, Mn, Pb…) and cal cite as spar lin ings.
Mi cro bial pro cesses are also in volved in both cor ro sion and
de po si tion pro cesses. De pend ing on the geo logic set ting
and the type of flow, cave pat terns dis play 3D mazes in the
phreatic zone, 2D mazes where lith o logic het er o ge ne ity
takes part, and gi ant phreatic shafts along main ac tive
faults. Above the wa ter ta ble, con den sa tion-cor ro sion may
pro duce caves when it is boosted by ther mal con vec tion and 

by de gas sing of H2S and CO2. Such an “at mo spheric” (i.e.
above the wa ter ta ble) speleogenesis is un usual, in volv ing
air con vec tions and mois ture in stead of con cen trated flow -
ing wa ter.

Hypogenic caves are lo cated mainly along ac tive faults,
of ten dis charge along im per vi ous cov ers, and con se quently
at the bound aries of karst aqui fer out crops (fig. 1).
Hypogenic caves are gen er ally in the mi nor ity, but they can
be in the ma jor ity where epigenic caves are rare (e.g., Mid -
dle Du rance Val ley). Past hypogenic ac tiv ity is of ten
marked by the pres ence of nearby still-ac tive thermo-min -
eral springs. The cri te ria for iden ti fi ca tion and the
hypogenic speleogenesis model [Klimchouk, 2007] high -
light an in creas ing num ber of hypogenic caves that have
been iden ti fied. Even though in the mi nor ity, these
hypogenic caves are char ac ter ized by fea tures rarely pres ent 
in epigenic caves, such as MVT ore de pos its, rare min er als
or de vel op ment of huge crys tals, and spe cific cave fea tures
[Audra, 2006]. Four of the five lon gest cave sys tems in the
world (sur veyed over 200 km) are hypogenic (Jewel Cave;
Optimisticeskaja; Wind Cave; Lechuguilla Cave), which
clearly shows that hypogenic speleogenesis is not an ex otic
pro cess.

Finally, hypogenic speleogenesis can help to better un -
der stand the ge om e try and the or i gin of eco nomic de pos its
such as MVT ores [Piccini et al., 2007], the dis tri bu tion of
po ros ity in bas ins where hy dro car bons may be stored [Hill,
1990], and the dis tri bu tion of sub si dence haz ards
[Klimchouk, 2005] (tabl. I).
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