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INTKODUCTION

tÍundred elghty kllometers to the west of ctty of La naba¡E t¡3
located the valley of vtnales (Ftg. l), the most famous cuba¡¡
le¡sttc valley and one of the most beautiful landscapes of urc
world. Declared National Monument of cuba, the valley ls
developed betureer¡ the upper Jurasslc-lower cretaclc carbonate
rocl€s and the non carbonate lower Jurasslc sedlments.
The ouasasa formatlon ls the ln that the wall¡s sca¡p of the
-mogotes- develops. sometlmes, at the base. a softer slope ls
present assoclatcd w¡th th€ Jagua formatlonal uniL The r¡on
carbo¡¡ated sertes cor¡stltutes, l¡¡ essen&. amelaca¡bonated end
terrlgenous cornplex named san c-ayetano.formatlon, composed
by slates, shales, schlsts, sandstones and silts. The youngest
sedlments are of Paleogene age. However, ls typlcal the
stratlgraphic lnverslon due to the overlapping Alpine stn¡cture that
ct¡aracterlzes Ure reglon.

Ftg l. General location map (after psczolkowslti, lgg7)

L ¡lltcr.

rffiffi
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The bo$o¡a of the valtey b nned by tenigenous sedlments,

rralnly cJays a¡rd saf¡ds derlved from the San C-ayetano formatlon,

alternatlng wtth loams. silts and lacustrlne deposits ¿¡s a

consequ€nc€ of the hydrologlc evolutlon of the valley, and with

ll¡¡restones resulttng of the recesslon of the carbonate wall¡s of the

mogotes. T[e sr¡rface of the bottom of the valley [s practlcally

hortzontal and meets an average alütude of IOO m above level of

the sea, whereas the summlt of the 'mogotes' r€aches helghts of

about 55O m. For suctr reason, the vertlcal walls rlses some 25O

m over the bottom of the valley, provoldng a surprising

morpholosf of elevatlons of abrupt walls and rounded summits

that, ln the Cuban toponomy are d.eslgnated with the name of

'mogotes."

ln the classtcal geomorphologlcal literature, these landscapes

arc commonly referred as'tower kalst', 'turm-ltarst),' 'hlllstacks' or

'l¡qell¡arst'and durtng many years was consldered an exduslve

rnorpholog¡ of th€ troplcal l€ret. Slmilar forms have been

reported Lr Ct¡lna, Vlet-Nam, Indonesla and Puerto and also ln

areas that at the present tlmeare not troplcal, ln what constltutes

an lnterestlng and anclent controversy on the rol of climate on
geomorpholory.

From the tndlgenous vegetatlon of Viñales hardly remal¡rs

manlfest-atlons ln the walls of the -mogotes', ln some dolines
(locally named'hoyos') and ln some gallery forests assoclated to

the fluvlal c¡urseS. In the base of the mogotes are recognlzed

remalns of a messofil semideciduous forest represented by

almáclgos (Butsqa slaantba), Cuban locust (samanea samanl,

cxd¡ar (Cedrela odorata)and ceiba (Ceiba Pentandral. But ln the

vertlcal hlllsldes and ln some bottoms of dotines, ln the summlt of
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the mogotes, some endemic flora or wlth features of endemysm
could be fow¡d. The most representatlve lndlvtduals are the palma
barrlgona (oaussla princifi, the ceibón (hmbax e,narginahtul
and the guanlto de sierra (Thrinax microcarpd el.

Yery dlfferent l¡ the vegeratton of the Nturas de ptzarras,
clevatlo¡rs butlt by the slates of the san c-ayetano formation.
Thls l¡s the scenarlo where an lrnpresslve aclculifollot¡s forest of
plnes grows, after whlch the hole province of pinar det Rio has
been na¡ned. Most comrnon specles are the so-called -female
plrre' (Plnus t¡oeicallsl ar¡d the male prne (piaus caribaea).
In very remote s€dors, they stlll meet l¡dtviduars of the -palma de
corcho' -the palm of cork- (Mycroclcas calocoma) relicts of the
Quatemary flora ln danger of extintion (2).

The floors are latosolics and of rendzinas rn the mogotes, but
they are generally scarce developed, except tn the bottom of some
dolinas ('hoyos') that the farmers of the region take advantage for
agriculture. tlowever, ln the bottom of the valley of vlñales thick
fe¡ralitic soils develops, intensely cultivated for tobacco.

Like in most of cuba, tn viñales two seasons, ac@rding with the
year rainfall distribution are recognized. The rainy perlod,
extended frorn May to october, where about l2oo run are
recorded, and the dry or less rainy se¿¡son, from November to
April, with some 4OO mm fall as an of the last 50 years.
subjected to the influence of heavy (to¡rentiar) rains and
huricanes, the height of rainfall and i[s lnter¡sity varles notably ln
these extraordlnary events. $o, for example, the Fredericlr
hu¡ricane, in october of 1979, provoked prectpitatror¡s of the order



of the ¿lOO mm l¡r two da¡n. The hunicane Albert reacl¡ed 7OO mm

ln 48 hours. The alrtemperature averages 24oC., wlth mlnlmal ln

January (l8cC) and ma;clmum ln July (28oC) (5).

ln sucl¡ geographical enüronment seems that ln as early ttme as

the e¡rd of ttre XVI century an intense cultlvatlon of the vlne (vid)

developed, of whose vlneyards (viñas or vlñedos) could be

derlved the name of Vlñales. With that name was granted a

-corral- to Mrs. Ana Martinez Kamos by Real Order of the tlavana

clty council ln October l2th, 1607.

O¡re of thelr descendants, A¡rdrés tlemández Ramo.s, donated

lando for the constructlon of the town 1875. Four years later, ln

1879, it reaches the tategory of municlpality upon creating an

lndependent clty council of the of Pinar del Río. At the present

tlme, ln the munictpality of Viñales lnhablt some SOOO people (l).

ln order to facilltate, then, the knowledge of thls beautiful

reglon, thls Fleld Trip Quide is structured ln four transectos that

pretend undertake the most interesting themes of the geology,

geomorpholory and hidrology of the Valley of Viñales, National

Monument (ng. l).

The first of them (Transect l), of some l8O kilometens, tie the

cttles of La llabana and Pinar del Rio by means of the National

frenway. Most of this joumey ls along the Southem Coastal Plain

of Plnar del Rio, a successlon of alluvial fans and of old deltas that

fran¡ed a karstk stufac¿ wlrldr confe¡rs lt propertles of criptokarst.

The nortt¡ llm¡t l¡s a chaln of mountains of low to half helght,
parallel to thc plain and, as lt, also intensely lerstified: the

mountaln ftmge (Cordillera) of Guaniguanico. Transect 2, linking
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the ctty of nnar del,Rlo wlth, Vlnales, allows.to ,@ncentrate the
aüentlon on the geologlcal structure and the rellef of the San
c-ayetano formatlon along some 25 kilometers, crosslng ttre well-
lqiloum elevatlons of the Alturas de Ylzanas del Sur. Thls Joumey
flr¡lstres at tog Jazmlnec Hot€¡, pracücally l¡r the contact between
the ls¡rst an-d the non-lerstlc rocks altowlng to a general slght of
the spectacutar morphologr of the mogotes.

The thlrd Joumey (Transect 5) ls plenty developed within the
mogotes, cqncentratlng the attention on a group of topics of
lnterest, also polemlc, concernlng the nature of the contact
between carbonate and non<arbonate rocks and lts morphological
effects, on the factors controlllng the vertlcallty of the walls of the
mogotes, the lmpresslve cave development and the hydrogeologlca
features of the mogotes slopes.

Thls trlp flnl¡shes wlth a Journey through Cueva del Ind¡,o,
partlally navlgable, an underground system that rellects the most
lmportant features looks of the morphological and hydrotogical
evolutlon of the territory.

TRAMECT l ¡ The Southem Coastal Platn of Pinar del f,fo
and the Cordillera de Guaniguanico

l.l. An active Criptokarsh The Southern Plairr of Pinar
del Rfo.

The Southem l{arstic Plain of Plnar del Rio is one of the lerstic
regions of the country (4), It occupies all the southern part of the
county, to the south of the Pinar Fault, between the Bay of Cortés
and Mqjana, extended on a surface of 5495 kmz.



ng" 2. Sürrch¡rC ckedl¡ map of the C.ordlllera de Ouanlguenlco
{aftGr 6}

It co¡rstltutes a rone of plattaformic deposlts of Pgo (?)-N age
and, partlally, an emerged PlloQuaternary zone over whlch thls
fluvlomarl¡c and deltalc plaln has been. At the upper parts lt
shows a cornbl¡rdon of eroslve and de¡¡udadve rli^sseded features.
In general, the structural and tectonlc character b noted ln all the
landscape, developed l¡¡ thernlocerdc carbonated cover. The most
southern paÉs have seltled down on Plelstocenlc (and younger)
tectonlc lnflectlon zones. The age of the landscape has been
estlmated between Q Oebrasle) and Q* (Illlnols). The age of
karstificatton ls not establlshed but, apparently, lt has been a
process ls whose higher levels should be definetely Quaternary.
The lower cave level¡s are recognlzed down te 2OO m.
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It ¡esult especlally lnterestlng that the deltalc a¡rd alluvüal
deposlts coverlng the plaln don't cor¡fer condltlons of mero
(part¡at) fosslll¡satlon to karst. on the contrary, a¡¡ actlve
crtptoterst wtrere the coverlng depostts tra¡rsmlt locally, certal¡¡
prcssr¡rc to thc aqrüer, lr prescnt tts tod c¡ome¡ fro¡¡¡ urül
5o m of clap of very bw permeablttty. As covGrcedtrner¡t¡ arc
essenüally allocthonor¡s but thelr pollgenlsm ls derlved from
dlfferent sourqes of sedlment contrlbutlon: on one hand, th€
materlals derlved of the haulage of the san c.ayetano formation,
malnly to the west of San Dlego de los Eaños; on the other
hand, to the east of San Dlego, by the addltlonal eroslon of
the carbonated rocks. The successlve Quaternary marine
ransgresslons and regresslons promoted the developnrent of üre
old deltas and alluvlal mlxed fa¡rs.

tlydrodlnamicatly, lt ls a holokcarst of sor¡re JOO m ln thlclsre.qs,
whose bas€ level of eroslon l¡s the current lcvd of thc sea where
partlatly abcharges the reglonal aqulfer. lts groundwater resources
has b€en estlmated In 2OO nm"/ ye*rr. The lower cave level¡s have
been recognlzed by E. Flores (pers.comm) at -16O m.

The general dMlon of groundwater flow l¡¡ toward the south,
Fra¡le¡ to thc fluvld net fl,owlng through the plaln. In the hdf and
lower aounr€s lt ls completely Independent of lt. fire hydraullc
gradlents are very low, about of lO{, of the sa¡ne order that the
plaln wl¡ose hlgher helghts doesn't surpass l2O m ln the zone of
artlculatlon wlth the mountain r¿rnge of Quanlguanico.

The tl¡lckr¡ess of the alluvlal cover and lts so reduced lnfiltratlon
capadty have constltuted one of the most lmportant problems ln
ordqto estabtlstr the posldon of the natural recharge zone of the
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aqulfer. The appllcatlon of environmental lsotope tectrnlques of

has allowed (5). So, ln the zone of disgharge¿ to üre south, they

have met underground waters wlth,.a rrG age of'about lO OOO
years, whlle tn the artlculatlon'zone, to the north¡ they meet
concentraüo¡rs of r8O 2n of the s¿utre ordet that those that are

recorded for the raln ln the. mountaln, practlcally wlthout
fractlonatlon. These facts suggest a strong natural dlred recftarye,
and lt seerns that lt is ln this artlculatlon fringe where the most

lmportant natural infiltration takes place.

1,2. The Slerra del Rosarlo¡ An Alplne KarsL

The mountain rzmge of the Slera del Rosario constitutes the
eastern orographlc system of the Pinar del Rfo province. With a
surface of approximately 5OO kmz lt ls extendedes from the

surroundlngs of the town of Anafe, ln [a Habana, until the oriental
rlverbank of the rlver San Dlego (5).

It constltutes a stn¡ctural landscape of folded regular mountain
ranges, dlslocated, individualized by diffrential erosion, that
evolved starting from primary structural and tectonic planes, of

the type of -nappes-, oll five structural units. In the territory are

developed three of them: Qulñones, axial part of the mountain
range and Clnco Pesos, according to the terminolog¡l of
Mossakovslty and Albear (6), and consütuted by Jurassic'Paleogene
rocks.

tn thesc r¡nlts eroslon and structural surfaces altemate, as a
cons¡eguence of the l¡nteractlon between zonal and azonal factors.
The stepplng of summit levels was produced mainly favored by
neotectonlc uplifting processes.
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Eroslon forms and their combinations prevail over the
accumt¡laüve ones, due to the strong slopes that provoke Intense
and rapld surface washlng. vertical dlssectton ls notable and
could reaclr 4OO m.

The fluvlal net ls Nortt¡ to south orlented, accordrng to üre
dlrecdons of secondary stn¡ctr¡res, normal to üre st¡n¡cJural plan of
the regloru although some valleys havé t¡een establl¡shed over the
plans of the nappe structures. tt ls common the presence of
fluviokarstic valleys and fluvlokarstic depresslons ln the contact
between the carbonate and noncarbonate scarps, like the
Deprasión of cinco Pesos (7), where they consütute polnts of
absorptlon of the surface runoff and acts as centers of radial
dlsperslon for the underground runoff.

The parücular evolutlor¡ of ka¡st and tts natural krdtvlduallzatlon
orlgl¡¡ated'mount-lsl¡ands' , as well as ror¡r¡ded hfll¡ and hogbacks,
standlng out the more reslstant strata of the carbonated facles.
Thh process lead to the desorganlzatlon of the fluvlal net and to a
compex successlon of genetlcally differentiated valleys.

tlydrodynamlcally, the reglon conforms a merokarst where the
position of the non-karstic rocks constitutes the local base level of
erosion. The regional base level ls defined by the talwegs of the
surface fluvlal net. I{arstiflcatlon thlckness ls not well known but lt
has been estimated ln the order of 2oo m. The scale of aquosrty is
slmllar to the rest of the cuban mountaln lersts (B). The mo.st
lmportant potentlal lles wlthin the carbonated rocks of J"-K age.
tlere, several lerstic aqulfers have been recognized. These are
local, dlscontlnuous and unconfined, clrculatlng by welldeflned
condults of the type of transcurrent or transfluent caves whereas

h
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water entedng the system ls both of allocthonous and
autochtonous orlgln, glvlng a hybrld or mlxed sour@. Durlng the
dry or le-sc ra\y s€ason son¡e yleld Ls fo¡¡nded due to tlrc exdusilve
cor¡t¡lbutlon of th€ autoctÉonous contrlbuüon. Thesc condults,
oorrrc of ¡rotabk dl¡¡¡e¡rslon's, llk€ t os Ferdldos C-ave Systern, wlth
morc than 50 km of underground gallerles, commonly dlsctrarges
trough emlsslve caves. These could be of c-nvergent t¡pe, when
flow ar¡d laterat dlsdrarye to the dvers domlnate or of
tra¡rsfluent type, when tlre master fluvial net flows at the
unsaturated zcrne (hypodermlc flow). Most of thb clrcutts are linked
wlth karsdc absorüon forms or wlth surface valleys of hybrid type.

The arfalysüs of the runoff hydrograms shows common
characterlstics to all underground baslns In terms of the
autocorelatlon functlon, an Index of the system's memory or
lnerda, of tlre sp€ctrat barid, and of the relatlve lmportance of their
regulatory reserves. In all the studled cases, the -memory effect-
l¡s low, wlth a healy perlodlc component, accounting for the high
dependence of natural recharge fluctuations with respect to the
underground ylelds. Self-regulatlon times, as defined by the
varlance spedra, are veq¡ short, whlle the spectral band ls very
large, cornmonly hlgher than O,4. Regulatory reserves are, as a
cons€quence, very low, and as an average they not surpass
12 tlms/year.
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1.5. Thc Sle¡ra de Los Organos: The Final Term of l{arst
Dvolutlon ln the Troplcs?

Thls reglon (565 kmz) comprlqes the mountalnous terrltory
extended from the western part of San Diego rlver to the
surroundlngF of the town of Quane. Four groups of overthn¡sted
untts ave been recognlzed here (6): the mogotes belt, the Alturas
de Plzarras del Sur, the Alturas de Pizarras del Norte and the
metamorphlc unlts occnpytng tt¡e hlghest posltlons.

The mogote land.scape ls an element of spedaü attendon.
They constltute a mo Agui, the (relleve) of (mogotes) constltutes an
element of speclal attentlon. These constltute a morphologr of
differentlated petrogenlc blocks ln the Upper Jurasslc-l.ower
Cretaclc calcareotrs unlts. l{arstificatlon ls very varied and
padicularty spectacular in these landscapes. Could be highlighted
the fluvioka¡stlc contact valleys, also named -marginal po[fes',
whose most famous example ls the Vlñales Valley; dolines at
different level¡s ln the mogotes summlts, known ln cuban literature
as -hoyos de montaña-, whose bottoms descend to the levels of
the contJguous valleys; lmpresslve canyons (abras) and huge
caves. The larger czve systems of Cuba are developed ln thls
region: Palmarito (29 km), Santo Tornárs (45 km), MqJaguas-C-antera
(5O km) and Cueva Fuentes (19 km).

E Flores (pers. comm) has ldentified 14 cave level¡s wlthin the
regioo ra¡rdng frqn +55O to + 4O m. tlydrodynamlcally, there are
some dlfferences. C-ertaln s€ctors, llnked to the Cuyaguatqje ba.sln,
seems to be holokarsts, while those linked to the Fan de Azuear
basin seer¡s to be, up to now, merokarsts. No general flow
direqtlons could be identified, but regionally, the maln directlon ls:

l5



&22Oe to whom ¿¡re erssoclated the cave networks hydrologlcally
adlve. The better known underground flow l¡s that llnked wlth the
fluvlal network flowlng through caves.

For eurcpean r€s€arcJrers thls lands€pe was co¡rsldered, since
Letunann drnes, at the mlddle of l95O's, the ardretype of troplcal
karst. A long dlscr¡sslon followed the firts descrlptlons of the
lmpresslve mogotes morphologr and, ln partlcular, wlth respect to
the hypsometrlc relatlon among the po[es or dolines and the
nelghbourlng valleys, where was thought to find the answer to
thelr s¡rncronlcal evolution. Ouided by the criteria of the cycllc
evolutlon and the determinant role of climate on landscape
evolution,,lts appllcatlon to cuban karst and to Tropical lfarst, ln
general, l€ad to the negative hnpresslon that practlcally the only
karstlc landscapc lscown was tatrt represented by the mogotes.
tlotveyer, anoth€r factors ¿¡re more l,mpoÉant ln the control of the
morphologlcal varlety ar¡d lt can be asserted, that with
lndependen@ to the stronk llnkage between the mogotes
landscapes an the Humld Troplcs, lt ls not the flnal stage of karst
evolutlon ln thesc reglons.

1.4. Problems of land amd water use.

The Southem Coastal Plaln of Pinar del Kio ls a very fertile
terrltory. Thelr solls are speclally able for rice and tobacco
agrlculture. Till the mlddle of this century, the lntensive
expldtatlon of groundwaters provoked unfavourable slde effects
on the dynamlcs of the miocenlc aquifer. Most remarkable side
effects were: l/ the deessurlzatlon of the aqulfer, transforming
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It from a semlconllned one to an unconflned system, and 2/ tlr.e
lrüand progresslon of sea water t¡rtrusloru wlth the consequent
clnnge of grourdwater qtrallt¡r.

The last problern was solved by means of a coherent pollcy of
hydraullc ma¡Egement of surface waters. A successlon of canal¡s
and dlverslon dams allowed to substitute lrrlgaüon wtth
goundwaters wlth surfa@ waters, llmitlng the r¡se of th€ fl¡st ones
to domestlc and a few lndustries supply. The southern llydraulic
c-omplex of Ptnar del Rio regulates almost thez5.ch of the hydraulic
potentlal of the province. seven darns, four master camals and
elever¡ dlwerslon dams, wlth a total delivering capacity of 555 Hms
irrigate 57,8 thousands of hectares. The cost of the rnversion
reaches 157.6 mlllions of cuban pqsos and lt was mainly
cor¡structed between 1969 and 1982.

In the mountalnous zones, the desconcentratlon of üre
population, dedicated to coffee and tobacco agriculture poses a
different problem to water supply. It [s solved by means of spring:s,
regulatlon, direct eupply from cave lake,s and the construcüon of
shallow dug wells. Some lmportant tc,:,/ns has small aqueducls
while som€ lrrlgation takes place with surface waters.

$pecially damaglng was the practice, now erradicated, of
buming the forests for land preparation to the coffee agriculture ln
the mountains slopes. This situatlon is partially reverted cafter the
repopulation of the mountains sta¡ted ln the last years.
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TRANSECI 2. Plnar del Rlo-Vifiates: the Altu¡as de Plzaras
del Sr¡r.

Tt¡ls transect ls Northward orlented and starts at the outer slde
of ñ¡rar del Bfo dty and ends at Los Jazmlnes Hotel. Its distlnctlve
feature ües ln the fact that lt takes place across the overthrusted
ur¡¡ts of San Cayetano formatlon.

2. l. Aeofo$cal st¡n¡cture of San Cayetano formatlon.

Defln€d by De Qolyer, 7O years ago, with the name of C,ayetano
formatlon, th€ sedlments of the now named San C-ayetano
formatlon, comprlses a very monotonous sequenc,e of shales,
slates, days and sandstones wlth some con$omerates and
llmestones lntercalated. Thls deposlts are rlthmycally stratlfied but,
ln the dlfferent tectonlc units, the sedlmentary st¡n¡ctures varles.

Ttrese sedlments are llmited to the Westem part of Cuba and
are very well exposed ln the Pinar del KÍo provlnce, where they
bullt the mountaln ranges known as the Alturas de Plzarras del
Norte and Alturas de Plzarras del Sur, bordering the mogotes belt
of the Slerra de los Organos. The formatlon thlckness ranges
between SOOO and SOOO m. Towards the East, en the Siena del
Rosario, the maximum thickness never surpasses IOOO m.

$tratlgraphlc etudles of San C-ayetano formation are very
frequenL They asslgri af¡ age of low to Middle Jurasslc, but at the
basal part the stratlgraphlc posltion ls not yet dear. The upper
parts rlse, ln age, up to the Oxfordlan, as derived from ammonite
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fauna. In any case the sedlmentary depostts are younger ln the
slerra det Rosarlo than ln tl¡e slerra de los organos, where de
terrlgenous deposltlon stopped earüer (6).

The sedimer¡ts are te,ctontcally overüur¡sted over the calcareor¡s
unlts. The overttrrusting plane ls horlzontal wtth a sltght dip
towards south. Locally there are al¡so recogntzed dlsplacements
followlng horizontal fault planes

sorne struch¡ral depresslons, r[re 'fenstef or tectonlc wlndows
allow the outcropplng of carbonated unlüs, formlng mélange type
structures.

Yery lnterrsüng b thc c¡a¡acter of the contact betwe¿n vtñales
and $an c-:yetano unlts ln the Alturas de plzarras dcl sur. The
contact plane dlps southeast In the same dtrecüon of san
c-ayerano's straüa. Ptotrowsle (9) suposses that. at the present, a
retrogresslve sllde of the vlñales unlt üs tatrlng place due to a
pressure from the Alturas de pizarras del sur unlt, ln the zone
betweer¡ the Inflerno and vlñares unlts, comblned wtth the slldtng
towards the southeast of fragmentos of the vlñales untt.

The most tmportant folding structures were devetoped durlng
the tectonlc transport of the main orogenic phase o during later
movements. Flequently are observed normal flanks of synclines
and antlclynes and large buckles linkez to fracturlng of small
overthmsts. Dlssarmonic folds are less common, whlle domlnate
those of flexure of concentrlc type. In tocal tenslon zones
boudlnage structures are developed. DlsJunctlve structures are
hlghly varlable, from small exfoliation and clrvage to huge fault
zones.
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Rmently, the author (lO) studled, wlth some detall, these folds
eppSlnge model of cor¡H¡¡uor¡s deformatlon resultlng fro¡n flexure
or ln lnterstratal concentrlc folds, buckles and cl¡evron folds.
Tlre model allow to vatldate that chewon folds arc enough stable
when the thlcJrness of the competent sb¡ata ls constant. Dlps lower
tha n 450 do not seems to favour thls tedonlc style. In the case
of concentrlc folds, the shape of the bed varles contlnuously wlth
the r€ladon between the wave length of the fold and the domlnant
wave length. Results allow to condude that the flnal form of the
forld l¡s htghly lndependent of the lnltlal form of the bed.

2.2. Geomorphologlcal features of the Alturas de Plzarras
del til¡r.

The Alturas de Plzanas exhlblts a very rough rellef, domlnattng
hllls of gentle slopes and rounded summits. lts highest elevatlon
ls the Cerro de C-abras, at 484 m above sea level. The fluüal
netwo¡k ls the allochtonous source that has deeply dissected thls
mountá¡n rariga lt l¡¡ also the master 6ourc€ of cave development
ln th€ terdtory ar¡d h the countr¡r. Master strear¡¡s of those huge
caves has thelr h€ads ln thl¡s hllls, llk€ the Palmarlto, Ancón and
Novlllo (Palmarlto C.ave Slstem), Santo Tomás, Bolo and Peñate
'(Santo Tomás C-ave System), lulqJaguas and C-antera (Mqfaguas.
C-antera C,ave System) and El Alcalde (Amistad C.ave System).
An exceptlonal case ls Fr¡entes stneam, whose heads are located
at the north, ln the Alturas de Plzarras del Norte and cross the
mogotes belt flowlng to the South.
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Sandy soil¡s domlnate. They are very thln due to the co¡rstant
slope wash. The zone ls scarcely populated y less cultivated
ordudirng lts forest ¡es€rves. l{eve¡theleqe, lt has ün¡Portant mlneral
resourc&s ln copper, barltlne, phosporltes among others.

The eroslve actlon of mountaln streams has produced goryes
and eplsodtc rlverbeds. Bill wash ar¡d sheet nood are the main
processes cont¡lbutl¡ng to the development of the Post-Laramtc hilly
landscape. Vertical dissectlon ranges between 5O and IOO m,
wlth madma around 25O m, while horlzontal dlssectlon ranges.
also, between 5O and less than IOO m. Qeneral slopes are
between 7 and 250.

Flfteen yeañ¡ ago the author studted the eroslvc power of the
mountaln streams applylng the Oruber's stmpllfled formula ln the
boundarles of dlssartlculatlon. Acrountlng for Scheldegger's
rnodlficatlon to Qruber, lt was concluded that the eroslve power
remalns constant for setted slopes wlth lndependence of the
dissecüon value. Slopes reced paralell wtthout belng üneals, so
they were slmulated after a partlal hyperbollc dlfferentlal equatlon
that led to sati,sfactory explanation of the progreslve smoothlng of
the slopes and lts evident concave profile.

TRA¡|SECTO 5. The Viñales Valley and its su¡roundings.

Thls part of the ñeld trlp takes place ln the valley and wlll allow
some lncursions to the'hoyos de montaña', llke Dos tlermanas
Valley. Also could be observed sorne manlfestatlons of the slope
receding: the foot-base cav€s. lt ls also an opportunlty to comment
sorne paÉlcularltles of the morphogenetlcal fetaures of the Slera
de Viñales. (ftg. 5)
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Flg 5. Gene¡al map of the Vlfiales valley and tts suroundlngs
(afte¡ Lel¡¡nann f gS4)

5.1. fbe morphological effect of the contact between the
carbonate and non.carbonate rocks.

Slncc the end of last century, Cv$c payed attentlon on the
effect of th€ contact between karstlc and non<arbonated rocks
uFcn the morphogenesls of lerst landscapes. üe defined the
fluüoka¡st as a slngular feature where combined effects of fluvial
erc¡slon and le¡stiflcadon are present and changes according to the
relatlve posltlon of both units. So, tf tñe fluvlal network üs
establlshed along the contact, In longitudlnal directlon, ¿ü1
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lnterestl¡ng dlfferenüatlon ls observed wlth karstlc forms ln one

slde and fluvlal forms ln the other slde. Thls ls the ciase, @nunon

ln ow zorre,, appearlng long the Pan de A¿ücar valley and, more to

the WesL at the El Pesquero Valley and l¡¡ the lower course of the

oryaguatqre rlver. They are dralnage nets feeded by hybrld waters

that controls the detdoPment of an ernlsslve or outlet slope ln thls

ka¡'st, wtth spe.clflc hydrodynamtc propertles.

The other ercrenre case ls observed ln vlñales. ttere, the

atlochtonor¡s fuvllal networK flowlng from the terrlgenous hllls,

cross ctrttlng tra¡rsversally ttre contacJ between the two unlts. Then'

the typlcal absorbe¡¡t slsPes of the mountáln r.urge are fo¡rned,

collectlng all the surfac€ rurpff and developlng the huge cavc

system¡¡ we alreadY mentloned.

In the cuban karst, L¿hmann disttngutshed the partlcular

landscape forms namlng them ,rs 'rnarylnal polles', whose

classlcal example was Vlñales and separatlng fiom them the

'marglnal karstlc plalns' to ldentlfy 'üe alawus arrd IoaIIy

arglllacaus plalns exanted In ftont of üe mogote mountaln

rangas-.ln our hydrogeologtcal typolog of cuban karst (12) we

separate the contact valleys, generally of fluvlokarstlc b¡pe,
according to the nature of thelr hydrodynamlc behavlo¿

ln absorbent (collector) and emlsslve (discfiarye) tyPes wlth thelr

comblnatlons.

The morphohydrodynamlc associatlon of ftg. 4 ls very common.
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Flg 4. oene¡al ok€tch of the morphohydrodynamlc behavror of
thc mogoteo slope*

¡iU¡d.rr¡cu¡¡¡ ¡br¡m

nudoho¡rd.'
grntdl
rrrlley

It ls lmpoÉant to stand out that the morphological and
hydrodynamical differences between the lnlet and outlet slope,s of
the mogotes are, sometJmes, highly remarlrable. In the absorbent
or collecdrEwdl (VA) tlre foot-b¿ls€ caves are generally assoclated
to paleolakes level¡, whlle In th€ eml¡sstve wall (VE) the foot base
caves use to be lateral eroslon forms. Stavelles located at the VA
are, cornmonly, veÉlcal shafts.acting as 'equilib¡ium chimneys-
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dralnlng bac*flow eplsodlc ylelds. Stavelles at VE are assoclated
wlth the water exctrange between the surface and underyround
flows.

It should be polnted out that not necessarlll¡r the paralell
fluüolsrsdc valleys lnte¡sed the tra¡rsversal ones, and only a few
paralell streams penetrate cnough to be oryanlzed underground.
Thls !s the most cornmon case for the transversal nets.

The hydrodynamlcs of surface flow, sediments tra¡rsport and the
geochemlcal hydrodynamics are different, too, according to the
klnd of slope. The followlng features could be established.

In the lntegrated and well developed underyround
networks(cave systems) groundwater flow ls always non-linear,
turbulent, comrnonly lnfrac.rltlcal. Sometlmes could be llneal but
not of Darcy type. A¡¡toctrtonous contrlbutlons could b€,
hydraullcally and morphologlcally, very lmportant. All large cave
systems shows lmpoprtant components of mtxed waters
(oversaturation-saturation-lnsaturation cycles, mlxlng chambers)
due to the high natural recharge. Flash floods are able to transport
heavy sediment loads clogging and washlng the underground
galleries. Ttrls sedlment transport ls, @mmonly, lndependent of
those due to the lacustrine phases of the hydrologlcal evolution of
the valleys and dolines. Sometimes lt ls so lmportant that
considerably reduces the possibilities of well developrnent at the
valley's bottom. Waters from VA are almost insaturated with
respect to calcite and emerge saturated, oversaturated or
Insaturated according to the travle length (mixing length),
autochtonous contributions and transit time of water.
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5.2. The problem of tlre cteepslded walls of tüe mogotesr
tüe José ltllguel c.ave and ctope recedlng

st€€p s¡d€d wall¡s of the mogotes ts lt most lrnpresstve feature.
several factors cmtrlbutc üo tt and was tehma¡¡n who fhst caü the
aüerú[on ln relatbn wtth th€ fadors controlllng L Hb attenüon was
focr¡ssed to the foot-base cav€s, whose tnstabt¡tty allow that
succ¿slve breakdow¡rs contrlbute to the malntenance of the
vertlcality of the wall¡s.

Severd years 4o we studled thls problem (l l). We consldered
l,ehmann's'fi¡sshóhlen'as a spedal klnd of raterar eroslon caves.
Frequently they are tra¡rsformed ln a¡r extenslve concavity along
the base of the mogotes actlng as a lake In what lmplles that the
erosive model l¡s lucaustrlne and fluvial.

For the lateral eroslon analysls we applled the Boussinesq's
geneml model for secondary or crossed currents. lt ls dertved that
the depth of the flow channel¡s Incre¿ses as curvature radil
dlmlnlshes. So, as depth ls hlgher, more effective should be the
secondary c¡¡¡Tents, accountlng that these produce hellcoldal flow
and eroslo¡u we obtal¡red a modlfied equatlon from that og Green
a¡td W¡lto for the excavatlon by flow channel¡s, deflnlng an
expresslon to explain the concavlty of the eroded rocks as a
functlon of veloclty and accumulatlon helght.

Lac¡¡strlne ercslon ls e-rplained by the comblnation of the wave
phase veloclty and an equatlon of dlffusslon wlth mass transport
which lmplies paralell lamlnar flow. The conJugated action of both
models explains the adoption of unstablé morphotogies of the
mogotes wall¡s wlth ani¡sotroplc v'olume reductlon, favoured by the
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doml¡aant vertlcal Jolntlng dtmlnlshlng rocJr.s coheslon. For l¡rtemal

frlcllon angles up to 450 the Fellenlus nomogrün could be applied.
For hlgher values, the c¡ttlcal helght depends on the relatlo¡rs

betrveen lnternal frlction and rest angles. A llneal recesslon model

for the slope explalns, wlth arceptable accur¿rcy, the colntlnuos

recesslon and the conservatlon of the vertlcallty of the walls.

A classlc elftrmple [s observed at the José Mlguel cave (ftg. 5).

5.5. Karst for¡ns a¡rd cave development¡ Palmarito' one of

tbe longest cuban cave¡"

Ar¡ extraordlnary vartety of karstlc forms áre developed ln the

mountains. After our hydrogeologlcal tiplfication of cuban karst
(12) among the colectlng or absorblng forms, could be ldentlfied:
laples, dollnes generally corroslve or collapse-, Ponons and the
gorges or abras.

Laptes (karren) are generally uncovered, corroslve, most of
them tinked to the mogotes as rellcts of slope receding.
Sometlmes are @vered by alluvial deposlts. Dolines or -hoyos' are
lmpresslve. Many of them are excavated at the summit of the
mogotes and, with differet deeping phases they can reach the
boüom of the nelghbouring valley. Sometimes the remaln hanged
and are linked with previous karstificatlon stages.

At its time thls was a very polemlc point. Particularly after
l¿hmann's affirmation that 'ln all cases the altltude of the hoyos
ls the salne of the contiguos polies-. Refuted a decade later by
Núñez Jlménez (15), between 1975 and 1982 we studied the
morphometry of about 2OO dollnes ln the sierras del Pesquero,
Sumidero, Resolladero and San C-arlos, wastward Viñales. A strong
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lln€al dependence was found between the altltude of the upp€r
border of ttrc dollne and the altltude of lts botrorn (r-g2e/r at 95%
slgnlflcancc l€v€¡). lt u¡as also ldentlfled a very strong llnk between
the dlstrlbutlon of the dollnes and the eroslon surface ln whlct¡ lt
l¡e lnstalled. These relatlons are the followlng:

Nütude of dollnec bottom Attitude of eroslon surface
9l-120

t70-180
2o,c220

80-loo

150-250
240-2sO-260

There ar. also recognlzed at 29A and 560 m a.s.l. ln
corespond€noe wlth an abar¡doned slope at 5OO-55O m a.s.l.

Ftg. 5. Locatton map of the José Mlguel and the Cumpleaños
@ves, after (15)

rltlS r
¡A¡ v|cExl¡
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Accordlng to ttrc reglon, between 5o€o{b of all dollnes are

devebped d ütc 15$25() m surfac€, the best co¡rse'rved eroslon

aurfacc of th€ Stcrrr de loc Organos. Ñr lmportant set of cave

levels l¡s also assoclated to lL At that tlme we conduded that the

dollnlzatlon proc€ss tn the summlt of the mogotes shows the

followlng evldences:

l. The dollnlzatton Prooess !s normally older tlran the Groslon

surface ln whlch dollnes are develoPed and only excePtlonally,

slmultaneor¡s. Thls doesn't means that acJlng lntemperlsm could

not generate oPen eroslon forms.

2. The progresslve development of tht¡s grouP of elements ls

controlled by the hypsometrlc posltlon of the eroslon base level

whlch controlled the planatlon of the lnmedlate upper level.

A process that could only wbs altered ln the case of mlxed forms

of, essentlally of suffoslve type llnked wlth shafts actlng as

-equilibrium chimneYs-.

5. So, the botto¡n of the dollnes are lndexes for the posltlon of

anclent eroslon base levels whose most lmportant rellcts, over

+2OO m are the eroded summlts of the mqgotes.

.c-ave development üs also remarlnble. Thls ls not only due to

the hlgh number of recorded, exPlored or mapped caves, but to

thelr dlmensions, ¿ls we atready mentloned. Ftgs. 6 and 7 shows

one of the last published verslons of the surueyed Passages of

Palmarito C-ave System wlth a total explored gallerles -at the

moment this notes are written- close to 55 kun. Fig. 8 shows the

Cumpleaños cave, of less extension but very abundant ln

constructive forms.

¿Y



lb e sHd¡ mrydtbaewrprmcntdhr¡narüo cave s¡rstern
(úcr f5)

In the reglon seenrs to domlnat the transfluent caves, tnitla[y
qczrüed by allocthonous uraters but wlth agr"^. contrlbution of
autochtonous u¡ders. Tlrcrc are a!¡o naqy examples of l¡rdtrect
c¿v€s, gg¡'Érü€d W lúf¡dcrclolL a aG the well-lmorrrr cas€s
of Jcé illgt¡el ar¡d Lc Tbmdes.
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Emlsslve (Olscfn¡ge) foms ac codilcd to cúdrrc crre¡,
gencra[y of autocütonous rfders, T|rcü rc mrnonfi locúd d
thc VE. Va¡¡clr¡slan sprlngs arc lodod h ¡everdsücs, a tüc Dc
Pdmas sprlng. Thela a¡e also basc lqrd sprlngp nd *coddcd
rv[h emlsslve caves, as la Pl¡nlcnta c El Tt¡bo 6prbgF. Stavelbs
are @uent as tchy are thc ¡ocalted'Uonngryrhgs-.

5.1. Plob|em¡ drrdercqppf¡n thcHctad otlct Éronb d
the nountaln rangc.

The dlstrlbutlon of l¡arsüc forms, aeorOn¡g to the sl¡etcfr of
f7g, 4, c¡eates not a far problems to groundw*er supply.

The VA of the mogotc sc nd good agulfers" Someürnes there
are -tarks-, v.gr. local and dlssrtlnuc ctor4ges wlth very ltmtted
posslbllltles for deyelopmenL They are alrnost assodated to
underground gallerles hlghty dependent to the allocl¡tono¡¡s
contrlbutlon, so the r¡se to be drled durlng normal dry scasons.
The cover deposlts d the fluvlokarsdc contd vatle¡rs or ln the
boBom of the dollnes re not corrury¡tyaqutrers. As we polnted
out, the lacustrlne phree ls elso a llmlürg factq due to the high
concentratlon of suspended solids ln tt¡ce groundrraters.
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Fl*7. Palrnartto C.ave System (after 15)

¡íí'

{+"-

outlet slopes do not always present good quality waters
beca¡se of the contr{butlon o a[ocl¡tonous,ivatercourses. In these
s€ns€, stavelles and some vauclr¡slan springs are more favourable.
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Dos Palmas sprlng at A¡rcon Valley ha-s exploltable ylelds of about

5O lps and La Ptmlenta spring ylelds about 5O tpsdurlng the dry

s€¿¡son.

This hydrologlc sltuatlon provokes that lrrlgatlon, rnalnly for

tobacco, comes from sudac€ sources, whlle domestic supplies

corne from surface streams filtered at home or from autochtonor¡s

sourc€s taht farmers collect ln lakes at the l¡¡terior of the caves.

TBAITTSECT 4. Cueva del Indlol a masterplece of tl¡e

hydrologlc evolutlon of cuban mogots¡.

4.1. Cave levels and the problems of the varylng base

levels.

In Vtnales, E. Flores ha.s recognlzed lO cave levels ranglng from

+lOO to +4OO m a.s.l., generaly associated wlth the explored cave

systems. The superposltion of cave levels is one of the most

lnteresting toplcs conceming the evolution of cuban karst and
several hypothesls has been proposed to explaln lt. Two basic
schemes, with lts combinations, are the extreme cases: a/ t}l.e

main @t¡se are the tectonic movements with a continuous uplifting
process provoking the vertical deepéning of the master water

coqnses; b/ the maln cause is due to the variations of the local bas

level of erosion as a consequence of the major glacieustatic

variations of sea level during Quatemary.

Eoth end-members has not a few controverslal concepts.
It se€ms, ln the author ophrlon, very much coherent to assign the
principal role to the second hypothesis. There exist a very strong

relation among the anclent positlons of Quatemary sea level and
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thc altltudes of c¡¡ban cav€s. A very hlgh spatlal coherence l¡s
obseryed, ln tl¡ls s€nse, through all the westem part of Cuba, as
It ls derlved from recent work of Flores and collaborators.
Wh€ri extei¡ded to the Qulf of Mexico and the C.arlbbean the maln
we¡ght !s asslgned to the set of Quatemary sea level fluctuatlo¡¡s.

Cuev-a del Indlo, for example ls at the present an rurderground
watercourse. Several cave level¡s are assoclated to lt (flg. 9).
The Cumpleaños cave is one of the hlghest, at +28O m a.s.l. , v.gr.
at l5O m above the bottorn of the valley. Qenetlc mode!¡ of both
cav€s are lder¡tlcal ar¡d asincronyc phases of eroslon, clogglng and
washlng could be identlfied as a consequence of the different
evolutlve degree of the system. The reconstructlon of the
agradatlon and degradation profiles suggest that eroslon control
t¡as be€r¡ nrore eflident tlnn uplifting

1.2. Flow reglmer and morpholog¡caf featr¡res¡ scallop
developmenL

Cave systems are natural models suitable for the study of
present and ancient hydrodynamics. At the sarne tlme, they allow
to ldentlfy, quanütatively the contributlon volumes of recharge,
drculatlon and di¡schargc.

A spedal attention has been devoted to thls analysis.
Afrer dlfferent hydr:aulic models (dtannels, tubes), scallop analysis,
sedlmentological studie^s, among others, it has been possible to
chañerlze the anclent flow regimes of the underground system.
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Results hag ehown that, accordlng to the geometr'lc lndexes of

the galledeo, paleoflow was developed tn subcrltlcal stable

turbulent reglme, atound the zone of cuadratlc stable turbulent

reclst¡ncc of illkr¡¡rdra. tndexes from scallops showed' e¡¡so'

turbut€nt reglmc but wlth the reslstar¡ce coeffider¡t as a unlgue

functlon of condult rugoslty. Thls ls a¡¡ lnterestlng result becar¡se

supports the ldea tlrat, under dlfferent bolurdary condiüor¡s,'wall

ccallops ar€ not alwajts generated by the sr¡me flow reglme'
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Flg 8. Armpteaños cave (after 15)

¡
E

gillfi

\

f"{'

(

l ¡

s b-

36



Flg. 9. Sketch map of Cueva del lndlo (courtesy of P.L.
Hernández ?érezl
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