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EL CARST | LES COVES DE MALLORCA
KARST AND CAVES IN MALLORCA

Preambul

La geomorfologia carstica de Mallorca, | en es-
pecial el seu vessant espeleologic, ha anat desenvo-
lupant una llarga tradicio d'estudis naturalistics que
es remunten al segle XIX. Encara que sens dubte els
avengos més importants s'han produit durant els da-
rrers trenta anys, paral-lelament a la consolidacico de
la FEDERACIO BALEAR D'ESPELEOLOGIA, les
aportacions al coneixement del carst mallorqui amb
un cert valor histéric han provingut d'investigadors
espanyols | estrangers ben coneguts, sobretot dins
del camp de I'espeleologia: Edouard A, Martel, Emil
G. Racovitza, Dorothy M.A. Bate, Jacques Maheu,
Bartomeu Darder, Maria Faura i Sans, Robert de Joly,
Francesc Espanol, Noel Llopis Llada, Alired Bagli i
Joaguim Montoriol-Pous, entre d'altres.

Les exploracions més antigues de les quals es
tenen noticies escrites corresponen a Joaquim Maria
Bover (Cova de Son Llufs, 1839), Antoni Cabrer (Co-
ves d'Arta, 1840) i Maria Conrado (Avenc de Son
Pou, 1865). D'aleshores enga, l'interés envers les co-
ves i el carst de 'illa ha estat molt lligat a la divulga-
cid dels relats dels viatgers decimononics | a la pos-
terior popularitzacic del turisme; aquests fets han
donat com a resultat el merescut prestigi internacio-
nal assolit per algunes coves mallorguines des dels
temps de les exploracions de Martel I'any 1896, fa ara
guasi un segle.

La histéria recent de I'espeleologia —i fins i tot
de la carstologia— mallerquina esta fortament lliga-
da a la consolidacié i creixement de la FEDERACIO
BALEAR D'ESPELEOLOGIA, des de I'any 1972. Els
resultats de les exploracions i del dinamisme generat
pels grups espeleclogics federats, aixi com pels in-
vestigadors que s'han anat afegint de manera puntual
a determinades recerques cientifiques, varen quedar
enregistrats any rera any a les pagines de la publica-
cid ENDINS, ja sigui en forma d'articles d'investiga-
cid o de nombroses topografies incloses en treballs
de caire geografic i exploratori. Aixi, a poc a poc, el
coneixement de les coves i dels avencs de les llles
Balears va augmentar fins arribar a un nivell relativa-
ment satisfactori, al mateix temps que l'interés per
I'estudi de les formes exocarstiques s'anava propa-
gant des de I'ambit més restringit dels espeledlegs
cap a d'altres institucions cientifiques locals.

Ja fa un parell d’anys que, en ocasio del nimero
20 de la publicacia ENDINS, s’havia considerat la
possibilitat d'elaborar una monografia que permetés
fer un balang de I'estat actual dels coneixements
carstologics | espeleologics disponibles sobre l'illa de
Mallorca. La coincidéncia d'aquesta iniciativa amb

Preface

The interest in Majorcan karst geomorphology,
and especially that in speleology, has lead to the
development of a long tradition of natural history
studies that date back from the 18th century. Without
doubt the most important advances have occurred
within the last thirly years, parallel with the
establishment of the FEDERACIO BALEAR
D'ESPELEOQOLQGIA. Earlier contributions, some of
which have a certain historic value, to our knowledge
of the Majorcan karst have been furnished by well
known Spanish and foreign researchers, above all in
the field of speleology: Edouard A, Martel, Emil G.
Racovitza, Dorothy M.A. Bate, Jacques Maheu,
Bartomeu Darder, Maria Faura i Sans, Robert de Joly,
Francesc Espanol, Noel Liopis Lladd, Alfred Bogli and
Joeaguim Montoriol-Pous, to name a few.

The earliest written records of explorations that
we have are those of Joaquim Maria Bover (Cova de
Son Lluis, 1838), Antoni Cabrer (Coves d'Aria, 1840)
and Maria Conrado (Avenc de Son Pou, 1865). Since
then, the interest shown towards caves and karst in
Mallorca has been closely tied to that of the spread of
nineteenth-century travellers and the subsequent
growth in tourism. As a result of this, a number of
Majorcan caves from the times of the explorations of
Martel in 18986, which is now almost a hundred years
agao, have obtained a worthy international prestige.

The recent history of Majorcan speleology, even
karstology, has been tightly bound, since 1972, to that
of the establishment and growth of the FEDERACIO
BALEAR D'ESPELEOCLOGIA. The resulis of the
explorations and general activities of federated
speleological groups, as well as those of invesiigators
who have made regulary additions with specific
scientific investigations, have been recorded, year
after year, in the pages of our journal ENDINS. These
results have been published in the form of research
articles, including works of a geographical or
exploratory character, or in the form of numerous
cave surveys. Like this, our knowledge of Balearic
caves and shafts has been increasing, little by litile,
until it has reached a relatively satisfactory level. At
the same time, the interest in the study of exokarst
has spread from restricted speleclogy to other local
scientific institutions.

For a number of years now and for the twentieth
publication of ENDINS, the possibility of putting
together a monograph which reflecis the current state
of the karstological and speleclogical knowledge
available about the Mallorca Island has been
considered. The coincidence of this initiative with the



I'organitzacid de I"'INTERNATIONAL SYMPOSIUM
ON KARREN LANDFORMS, portada a terme pel
Museu Balear de Ciéncies Naturals i la Universitat de
les llles Balears, ens acaba de decidir a emprendre la
lasca de reunir en una publicacio global els principals
resullats que sintetitzen la feina desenvolupada pels
espeledlegs, gedlegs i bidlegs, la qual ha estat
canalitzada per ENDINS al llarg dels darrers vint
anys. Llevat d'algunes abséncies importanis —enire
les quals destaquen les de Joan Pons-Moya, Lluls
Pomar i José A. Encinas, per les seves aportacions
fonamentals a I'espeleologia mallorquina— hem
tingut |la satisfaccié de comptar, com a autors dels
capitols de la monegrafia, amb dinou especialistes |
investigadors els quals representen prou be les linies
de treball que caracteritzen l'espeleclogia illenca. Per
a tots ells el nostre més cordial agraiment.

Evidentment la publicacid d'aquesta monografia
sobre “el carst i les coves de Mallorca™ no hagués
estat possible sense |a participacio dels autors que
han assumit la redaccio dels diferents capitols, pero
també ha estat necessari el concurs eficag d'un bon
grapat de companys i amics. En especial ens plau
agrair a Antoni Nigorra, Lina Borras | Mateu Fiol la
revisio de diversos textos en catala, aixi com varies
traduccions. També hem de fer constar I'agraiment
a Matalia Llorente i a Niria Cohen per haver traduit
a I'anglés els textos de tots els articles, aixi com a
Peter Watkinson per la traduccié d'aquest preambul.
Ha estat molt valuosa la dedicacid de Jaume
Damians, Guillem X. Pons, Joan J. Fornos i Xisca
Cafellas a diferents tasques d'edicio, i per tant
mereixen el nostre reconeixement. Per finalitzar,
volem deixar constancia del suport | comprensio que
hem rebut per part del President de la FEDERACIO
BEALEAR D'ESPELEOLOGIA, Antonio Merino, aixi
com del paper acomplert per Lluis Alemany
(Director General d"Ordenacia del Territori | Medi
Ambient, C.0.P.O.T.) i per les juntes directives del
Museu Balear de Ciéncies Maturals | de la Societat
d'Historia Natural de les Balears.

L'espeleclogia és una activitat mig esportiva i
mig cientifica que es fonamenta sempre en un treball
col-lectiu. Tot comptant amb les inevitables dificultats
que comporta la feina en equip, també sén moltes les
satisfaccions que els espeledlegs i els carstblegs
gaudim en explorar els sempre aspres terrenys
carstics, en el context d’amistat i contacte amb la
Matura propiciat per les nostres aficions i interessos
cientifics. Per aixd ens venen a la memaoria amb motiu
de la presentacid d'aquesta monografia, que és sens
dubte la sintesi d'una amplia tasca col-lectiva, el
record d’alguns amics que ja ens han deixat, com
Albert Alonso, Gerd J. Hennig, Pare Rafel Juan, John
S. Kopper i José Carlos Marmol, amb els quals varem
tenir 'oportunitat de participar en I'exploracié | estudi
del carst mallorqui.

Angel GINES & Joaquin GINES (Editors)

organisation of the INTERNATIONAL SYMPOSIUM
ON KARREN LANDFORMS, carmied out by the Museu
Balear de Ciencies Nalurals and the Universitat de les
llles Balears, has incited our decision fo undertake the
iask of pulling together under a single global publication
the major resufls which have been centralised within
ENDINS over the last twenly years, and that represent
a synthesis of the work undertaken by speleologists,
geologisis and biologists. Apart from a few important
exceptions, among whom we would like to highlight
those of Joan Pons-Moya, Lluis Pomar and José A.
Encinas for their fundamental contributions fo Majorcan
speleclogy, we have had the satisfaction of relying on,
as authors of the monograph, nineteen specialisis and
investigators who are very representative of the fields of
work that characterise the speleology on our islands. We
would like to express our deepest thanks fo all of them,

Obviously this publication about “karst and caves
in Mallarca”™ would not have been possible without the
participation of the authors who have undertaken the
writing of the different chapters, but what may not be so
obvious is the unacclaimed participation of many
friends and colleagues. Therefore, we would like to give
our special thanks to Antoni Nigorra, Lina Borras and
Mateu Fiol for proof reading various texis in Catalan,
and likewise various translations. Also, we would like to
thank Natalia Llorente and Ndria Cohen, for having
translated all of the texts lo English, and to thank Peter
Watkinson for his involvement in this preface. The
dedication given by Jaume Damians, Guillem X. Pons,
Joan J. Fornds and Xisca Canellas to some tasks of
editorial production has been of a great value, and for
this they also deserve our thanks. Finally, we would like
to make know the constant support and understanding
that has been given by the President of the
FEDERACIO BALEAR D'ESPELEOLOGIA, Antonio
Merino, as well as the role performed by Liuis Alemany
(Director General d'Ordenacid del Territori { Medi
Ambient, C.0.P.0.T.) and by the director boards of the
Museu Balear de Ciéncies Nafurals and the Societat
d'Histdria Natural de fes Balears.

Speleology is an activity which is half sport half
science and which is always practised as a collective
undertaking. After taking into account the inevitable
difficultias that arise in any group activity, there are
many satisfactions for cavers and karstologisis to
enjoy through exploring the always jagged karst
terrains, through friendship and through a contact
with Mature, all of which are provided by these
activities and scientific interests. But even so, the
preparation of this monograph, which is without doubt
the combination of extensive and collective works,
has reminded us of those who are no longer with us,
Albert Alonso, Gerd J. Hennig, Pare Rafel Juan, John
5. Kopper and José Carlos Marmal, and with who we
have had the opportunity of sharing the exploration
and study of Majorcan karsi.
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DISTRIBUCIO GEOGRAFICA DEL CARST
A MALLORCA

THE GEOGRAPHICAL DISTRIBUTION OF
KARST IN MALLORCA

Jaume SERVERA NICOLAU!

Resum

A Mallorca, el predomini de litologies calcaries, intercalades amb nivells impearmea-
bles, juntament amb la seva disposicid estructural, han configurat I'illa com a un indret 1o-
talment propens a I'existéncia de processos de modelat | de formes carstiques, Aquestes
merfologies sdn presents a dues terceres parts de I'illa, on la seva localitzacid permel es-
tablir tres clares regions carstiques individualitzades: una primera, la Serra de Tramunta-
na, que presenta unes destacades formacions tant exocarstigues com endocarstiques; | les
dues restanis, les Serres de Lievant | el Migjorn de Mallorea, on la seva espectacularilat de
tormes radica, basicament, en els fendmeans d'endocarst.

Abstract

The dominance of calcareous lithologies, interlayered with Imparmeable beds, together
with its structural arrangement has shaped Mallorea as an island demonstrating a high
incidence of karstic modelling processes and landforms. The development of these
morphologies is apparent aver two thirds of the island, and from their location three karstic
regions may be identified: the firsi, Serra de Tramunlana, with remarkable exo- and
endokarstic fealures; two other, Serres de Lievant and Migjorn region, have outstanding

endokarstic features.

Introduccio

Mallorca és la major | més central de les illes de
I'arxipélag Balear la qual, juntament amb Menorca,
Eivissa, Formentera | Cabrera, es localitza gairebé a
la part central de la conca mediterrania occidental,
lleugerament desplagada a I'oest (Figura 1). La seva
superficie, inclosos els illots adjacents, el major dels
quals és sa Dragonera, és de 3.667 km? i té un peri-
metre de 565 km. Amb aguesta extensio constitueix
la setena illa més grossa de la Mediterrania i és, jun-
tament amb Menorca, la meés allunyada de les terres
continentals.

L'illa té una forma quadrangular i la seva dispo-
sicio espacial és la d'un rombe amb els vértexs orien-
tats als quatre punts cardinals. Al nord tenim el Cap
de Formentor que es localitza a 39° 58' N, a l'est la

1 Departameni de Ciéncies de la Terra. Universital de les liles Ba-
lears. Ctra da Valldemossa km 7,5, E-07071 Palma de Mallorca.

Introduction

Mallorca is the largest and most central island of
the Balearic archipelago. The Balearic Islands are
located in the middle of the western Mediterranean
basin, slightly displaced to the West {Figure 1).
including the adjaceni islets —Sa Dragonera islel is
the largest— our island has an area of 3,667 square
km and a perimeler of 565 km. Mallorca is the
seventh largest island in the Mediterranean and
together with Menorca they happen lo be the most
remote from any continental landmass.

The island has a rhomboid shape with its vertices
ariented to the four cardinal points. To the North there
is Cap de Formentor, located at 39° 58" N; to the East
there is Punta de Capdepera, located at 3° 28" E;
to the South there is Cap de ses Salines, located at
397 16° N: and to the West there is Sant Elm al
2°21'E.



Punta de Capdepera a 3° 29' E, al sud el Cap de ses
Salinesa 39° 16' N, i a I'oest Sant Elm a 2° 21" E.

A Mallorea, el predomini de litologies calcaries,
juntament amb la seva disposicid estructural, han
configurat I'illa, igual que la major part de la resta de
les Balears, com a un indret totalment propens a l'e-
xisténcia de processos de modelat i de formes cars-
tigues, El desenvolupament d'aguestes morfologies,
tant exocarstiques com endocarstigues, afecta dues
terceres parts de l'illa, amb una distribucid territorial
concreta que déna lloc a un peculiar contrast del pai-
satge illenc, i que tot junt sera l'objecte del nostre treball.

In Mallorca there is a dominance of calcareous
lithologies. This fact as well as its structural framing
have shaped the island, and also most of the
remainder of Balearic Islands, as places inclined to
present karstic landforms and modelling processes.
The development of these morphologies, not only
exokarstic but also endokarstic, can be found in two
thirds of the island. The karstic features show a
specific spatial distribution that causes a
characteristic contrast in the Island’s landscape. Such
a point will be the aim of the present paper.

i3
PENINSULA
IBERICA
' / = MAR
W ——= MEDITERRANIA
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‘/;‘/ Figurat
i Localitzacid de les llles Balears dins de la Meditarrania
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: " Figuret:
/ AFRICA Location of Balearic Islands in the westem Maditerranean.
L] =0 150 km
[ ———

Principals factors en la localit-
zacio del carst a Mallorca

La distribucio de les morfologies carstiques, en
les distintes regions naturals de Mallorea, no s'entén
facilment sense abans tenir una visid general de les
caracteristiques lito-estructurals i dels régims de tem-
peratures i precipitacions gue te lilla.

TRETS ESTRUCTURALS

Mallorca, igual que la resta de les Balears, forma
part de la zona emergida del Promontori Balear,

Main factors conditioning karst
localization in Mallorca

In order to have a correct understanding of the
distribution of karstic marphologies in the different
natural regions of Mallorca, it is necessary first to
have a general view of the structural and lithologic
features, as well as its general conditions of
temperature and rainfall. Nevertheless, because of
other sections in this publication will treat these
subjects specifically, this paper must be seen as a
preliminary outline only.



Aguest és un relleu, majoritariament submergit, que
s'estén des del SE de la Peninsula |bérica (Cap de |a
MNau) i amb una direccio ME arriba fins a Menorca. Ai-
xi doncs, constitueix la perllongacio de les serralades
Batiques, que gqueda totalment individualitzada de
I'lbéria i d'Africa per dos profunds bragos de mar.

L'estructura de Mallorca es presenta molt com-
plexa | basicament ve definida per un conjunt de
horsts | grabens o semigrabens allargals en una di-
reccio SW-NE (Figura 2). Els primers donen lloc a les
principals alineacions muntanyenques (Serra de Tra-
muntana i Serres de Llevant) al mateix temps que
constitueixen alguns dels relleus centrals de l'illa. Els
sagons formen les depressions centrals, les zones
planes de Mallorca. La delimitacié entre els dos tipus
d'estructures no es facil; generalment aguesta es fa
per fractures d'edat terciaria, pero en altres casos el
seu limit es produeix mitjangant discordancies angu-
lars que son fossilitzades per diposits terciaris | qua-
ternaris.

STRUCTURAL FEATURES

As the other Balearic Islands, Mallorca is part of
the emerged area of the Balearic Pramontary. It is a
submarine relief extending from the SE of Iberian
Peninsula (Cap de la Nau) to the NE {Menarca
Istand). In this way, Mallorca is an extension of the
Beticas mountain ranges now isolated from Africa and
Iberia by two deep sea sounds.,

Mallorca has a complex structure basically
defined as a set of horsts and grabens or
semigrabens lengthened in SW-NE direction (Figure
2). The horsts originate the main mountain ranges
(Serra de Tramuntana and Serres de Llevant) and
some of the central relief forms of the island. The
grabens produce the central depressions, the flat
areas of Mallorca. The division between both
structures is not always clear; usually these
boundaries are Terliary fraclures, but sometimes the
boundary is an angufar unconformity fossilized by
Quaternary and Tertiary deposits.

MAPA ESTRUCTURAL DE MALLORCA

Figura 2;
Mapa estructural i distribucia de les unitats moroestruc-
turals de Mallorca

Figure 2:
Structural map and distribution of the morphostructural
urits of Malorca.

Cap de Foitscnio

PRINCIPALS UNITATS MORFOESTRUCTURALS

La Serra de Tramuntana constitueix una unitat
morfoestructural orientada de SW a NE, que es dis-
posa de forma paral-lela a la costa septentrional al

MAIN MORPHOSTRUCTURAL UNITS

The Serra de Tramuntana is a morphostructural

unit oriented from SW to NE. It is paralfel 1o the
northern coasi line, with a length of 80 km and an

9



llarg de 90 km i en una franja de 15 km d’amplaria mit-
jana (Figura 2). La serra és també on I'illa assoleix les
seves majors alcaries (Puig Major de Son Torrella
1.445 m, Puig de Massanella 1.348 m i fins un total de
10 elevacions que superen els 1.000 m). Aquesta
unitat esta formada per un conjunt de materials ple-
gats, majoritariament mesozoics que de forma gene-
ral cabussen cap el SE, encara que les lamines su-
periors poden presentar deformacions amb plecs
tombats vergents al NW. No obstant, entre els mate-
rials mesozoics es troben diposits del Terciari (de
I'Eocé mitja al Miocé mitja) que solen trobar-se enca-
valcats pels anteriors (FALLOT, 1822; GELABERT
et al., 1992). A les calcaries massives del Lias infe-
rior (Jurassic inferior) i als conglomerats del Burdiga-
lia (Mioce inferior) de la Serra de Tramuntana és on
el desenvolupament de morfologies carstiques es
més destacable i espectacular (GINES & GINES,
1989).

La depressié central de Mallorca és un sector
poc conegut des d'un punt de vista estructural, a cau-
sa de I'emmascarament que produeix la cobertura de
diposits post-orogénics i a la suavitat dels seus re-
lleus. No obstant, els relleus del massis de Randa i
els de I'estructura Sineu - Bonany, localitzats a la part
sud-oriental de la depressio, constitueixen unes fi-
nestres tectoniques que permeten definir varies uni-
tats estructurals. Les unitats inferiors estan formades
per materials mesozoics i del Mioce inferior i mitja,
mentre gue les unitats superiors presenten unes la-
mines encavalcants de materials paleogens (AN-
GLADA et al., 1986). Es en aquestes zones elevades
de la depressio central de Mallorca, on apareixen al-
gunes morfologies carstiques als materials de la uni-
tat inferior.

Les Serres de Llevant, localitzades de forma pa-
ral-lela a la costa sud-oriental, constitueixen la sego-
na area plegada d'importancia a l'illa (Figura 2). La
seva alineacio (SW-NE) segueix la mateixa direccio
que la Serra de Tramuntana i s’estén des de la pe-
ninsula d'Arta fins al municipi meridional de Santa-
nyi. Les seves majors alcaries es localitzen gairebé
al seus dos extrems, a la part septentrional la Talaia
Freda de Son Morell (560 m), i a la part meridional el
Puig de Sant Salvador (509 m). Aquestes serres es-
tan formades per un conjunt de lamines encavalcants
que presenten materials del Jurassic, Cretacic, Pa-
leogen i Miocé. A grans trets, la seva estructura es
caracteritza per un sistema complex d'encavalca-
ments amb la preséencia de plecs ortogonals, com a
consequencia de [a interaccid entre rampes frontals
direccionades al NW i rampes laterals o lleugerament
obligties a la direcci6 de les anteriors (SABAT, 1986).

El Migjorn de Mallorca es constituit per un con-
junt tabular de materials post-orogenics del Miocé su-
perior. Aquests, en forma d’arc, s’adossen a les Se-
rres de Llevant, i van des de les marines de Llucmajor
fins ala Punta de n'Amer al municipi de Sant Lloreng,
veient tan sols interrompuda la seva continuitat al
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average width of 15 km (Figure 2). It comprises the
higher peaks of the island (Puig Major de Son Torrella
1,445 m, Puig de Massanella 1,348 m, and up to ten
altitudes over 1,000 meters). This unit is composed
by Mesozoic folded materials that generally dip to SE,
although the upper sections do sometimes present
deformations with folds orientated to NW. However,
between the Mesozoic materials, Tertiary beds (from
the middle Eocen to the middle Miocene) can be
found overthrusted by former materials (FALLOT,
1922; GELABERT et al., 1992). In Serra de
Tramuntana, the lower Lias (lower Jurassic) massive
limestone and the Burdigalian calcareous
conglomerate (lower Miocene) are the lithologies with
the most outstanding development of karstic
landforms (GINES & GINES, 1989).

The central depression of Mallorca is a region
only partially well-known from the structural point of
view, because of both masking produced by the post-
orogenic beds cover as well as the smoothness of its
contours. Nevertheless, the reliefs of Randa massif
and Sineu - Bonany structure, located in the
southeastern fringe of the depression, constitute
windows that allow us to define some structural units.
The lower units display Mesozoic and lower-middle
Miocene materials. On the other hand, the upper units
show thrust sheets of Paleogene materials
(ANGLADA et al., 1986). It is in these hilly zones of
the Majorcan central morphostructural unit, where
some karstic morphologies in the materials of the
lower unit appear.

The Serres de Llevant, parallel to the
southeastern coast line, are the second important
folded area of the island (Figure 2). Its alignment (SW -
NE) follows the same direction of Serra de
Tramuntana and it covers from Arta peninsula to the
southern municipality of Santanyi. Its higher
elevations are located almost in both extremes, in the
northern side there is Talaia Freda de Son Morell
peak, 560 m in height, and in the southern side Puig
de Sant Salvador, 509 m high. These mountain
ranges are composed of a series of folded deposits
that include Jurassic, Cretaceous, Paleogene and
Miocene materials. Its structure presents a thrusting
complex system, with the appearance of orthogonal
folds caused by the interaction between frontal
ramps, aligned to NW, and lateral ramps or some
other slightly oblique to the alignment of the former
(SABAT, 1986).

The Migjorn of Mallorca consists of a tabular
platform composed of Miocene materials. These
arch-disposed deposits border Serres de Llevant
elevations, from the southern plains of Llucmajor to
Punta de n'Amer cape in Sant Lloren¢ municipality,
being their continuity only broken in the sector of
Campos depression (Figure 2). It is a set constituted
by the progradation of the Reef unit (final Miocene)
whose deposits are covered with oolites (Santanyi
limestones) and Plio-Quaternary aeolianites (POMAR



sector de la depressio de Campos (Figura 2). Es trac-
ta d'un conjunt format per la progradacié de la unitat
Escullosa (Mioce terminal), amb diposits per damunt
d’oolites (Calcaries de Santanyi) i d’eolianites plio-
quaternaries (POMAR et al., 1983). La seva morfolo-
gia tabular tan sols queda truncada pels barrancs en-
caixats a favor de les discontinuitats o febleses
estructurals, provocades pel mateix aixecament de
les Serres de Llevant. Finalment, cal dir que aquesta
unitat morfoestructural, a causa del caracter carbo-
natat de la seva litologia i a la disposicio tabular del
relleu, afavoreix també un fort desenvolupament en-
docarstic.

LA HIDROLOGIA SUPERFICIAL

La xarxa de col-lectors que drenen les precipita-
cions de l'illa de Mallorca es caracteritza per la man-
ca de cursos d’aiglies perennes. Aquesta es configu-
ra en funcio d'uns cursos de funcionament esporadic,
que normalment tan sols duen aigua en els moments
de grans precipitacions i que localment es coneixen
amb el nom de torrents.

El caracter irregular del funcionament de la xar-
xa torrencial mallorquina ve donat basicament per
I'estacionalitat de les precipitacions i les petites ex-
tensions que ocupen les conques hidrografiques de
I"illa. No obstant, aquest fet també es veu afavorit per
la mateixa naturalesa litologica, que amb el predo-
mini de materials calcaris permeables, facilita un ra-
pid pas de l'aigua de pluja cap a una circulacio sub-
superficial o subterrania.

LA DISTRIBUCIO DE LES PRECIPITACIONS

Un altre factor a tenir en compte a I'hora d’expli-
car la localitzacio i els tipus de morfologies carstiques
que es troben a Mallorca, és el regim i distribucio de
les precipitacions que té l'illa.

Respecte al réegim anual de precipitacions a Ma-
llorca, aquest presenta un tGnic maxim a la tardor,
centrat al mes d'octubre. El segueix un hivern relati-
vament plujos i una primavera que en mostra una pro-
gressiva disminucid. L'estiu es caracteritza perlare-
marcada aridesa; al mes de juliol I'eixut pot esser
total i es pot perllongar fins a la segona meitat del
mes d'agost (GUIJARRO, 1986; GRIMALT et al.,
1991).

A Mallorca la distribuci6 territorial de les precipi-
tacions mitjanes és molt heterogénia; mentre la part
central de la Serra de Tramuntana comptabilitza en-
tre els 1.400i 1.600 mm anuals, el litoral meridional
no supera els 300-350 mm. Aquesta distribucio, ca-
racteritzada per un remarcat gradient nord-sud, res-
pon basicament a factors de tipus orografic (Figura 3).

Les precipitacions en forma de neu son actual-
ment un fenomen excepcional a Mallorca. No obstant,
anualment es pot observar una o varies vegades
presencia de precipitacions nivals als caps cimals de
la part central de la Serra de Tramuntana. Aquestes

etal., 1983). Its tabular morphology is only interrupted
by deep coves going in the same direction of
structural discontinuities produced by the uplift of
Serres de Llevant. This morphostructural unit,
because of its carbonated lithology and its tabular
arrangement, shows a notorious endokarstic
development.

THE SUPERFICIAL HYDROLOGY

The network of surface collectors that drain
Majorcan rainfalls is characterized by a lack of
perennial water-courses. Such a network consists of
a series of rushing streams that are functional
sporadically and which only transport waters when
great precipitations occur. They are known locally
under the term torrent.

The irregular character of our torrential network
is mainly due to the seasonal rainfalls as well as to the
small extensions occupied by hydrographical basins.
Nevertheless, such a fact is also favoured by the
lithological nature itself which, as it comprises
predominantly permeable limestones, faccilitates a
rapid infiltration of rainfall water towards a
subsuperficial or subterranean drainage.

THE RAINFALL DISTRIBUTION

Another important factor concerning the
localization and typology of Majorcan karstic
morphologies is the distribution and general
conditions of rainfall over the island.

The annual arrangement of rainfall in Mallorca
show its maximum in autumn, especially in October.
The winter is rather rainy and the spring presents a
tendency towards the disminution of rain. The
summer is a very dry season in which July, and even
the second half of August, can be totally unprovided
of rain precipitations (GUIJARRO, 1986; GRIMALT et
al., 1991).

Territorial distribution of the average rainfall is
heterogeneous; on the central area of Serra de
Tramuntana 1,400 - 1,600 annual mm can be
recorded, while on the southern coast of the island it
is difficult to record more than 300 - 350 mm. This
distribution, with a high gradation from North to South,
is caused basically by orographic factors (Figure 3).

Snowfalls are exceptional in Mallorca nowadays.
Nevertheless, every year snow can be observed in
the main peaks of Serra de Tramuntana central area.
These snowfalls are the consequence of cold air
masses coming from the NW of Europe. In the
remainder of the island, snowfall below 500 metres is
an exceptional phenomenon.

THE TEMPERATURE DISTRIBUTION

The annual cycle of temperature fluctuates from
a minimum recorded in January, even in February,
with an average maximum of 13/14° C, to a maximum
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responen a irrupcions molt puntuals d'aire fred provi-
nent del NW d'Europa. A la resta de l'illa, | per davall
dels 500 m d'altitud, aquest tipus de precipitacio
constitueix un fet insalit que tan sols es produeix de
forma esporadica.

recorded during the hotest months of July and
August, with an average maximum of 28/31° C.
However, occasionally it can be recorded extreme
values of 40/41° C in summer and -5/-6° C in winter.

PRECIPITACIONS MITIANES ANUALS 1960-80

TEMPERATURES MITIANES ANUALS (°C)

FONT: GULIARRD (1586)

Figura 3:
Distribucid de precipitacions i temperatures miljanes
anuals da Mallorca,

Figure 3:
Digtribution of rainfall and annual average temperatures
of Mallorca,

LA DISTRIBUCIO DE LES TEMPERATURES

La seqiiéncia anual de les temperatures de l'illa
vénen emmarcades entre un minim registrat el mes
de gener, on la maxima mitjana és d'uns 13/14° C i
que es perllonga al mes de febrer, fins a un maxim re-
gistrat als mesos més calids de juliol i agost, on la
maxima mitjana és entorn dels 29/31° C. No obstant,
ocasionalment es poden registrar puntes que asso-
lgixin els 40/41° C de maxima i els -5/-6° C de minima.

La major part de I'llla s'enquadra dins dels 16/17°
C de temperatura mitjana anual (Figura 3). Nogens-
menys, la distribucio territorial de les temperatures
mitjanes presenta, igual que les precipitacions, una
clara variacié relacionada amb la preséncia de re-
lleus, que permet diferenciar uns sectors mes freds
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Most of the island shows an annual average
temperature round 16/17° C (Figure 3). But the
distribution of temperature, as it occurs with rainfalls,
is firmly related to the existence of reliefs which
demarcate some areas colder than others. Serra de
Tramuntana, that as a whole reveal magnitudes lower
than 16° C, presents in the central tops a few
stretches where the annual average temperature s
below 10° C. In the highest summits of Serres de
Lievant, there are also temperaltures under 15° C.
Finally, the coldest dominions are some depressed
flat zones (Palma, Campos, Sa Pobla), where in
winter the temperature record can reach lower
absolute minimums than in the remainder of the plain
areas of Mallorca (GRIMALT etal., 1937).



que els altres. La Serra de Tramuntana, que en con-
junt presenta valors inferiors als 16° C, té sectors,
coincidint amb &ls majors relleus cenftrals, on les se-
ves mitjanes anuals estan per davall dels 10° C. Tam-
bé a les Serres de Llevant els punts més elevats pre-
senten valors inferiors als 15° C. Finalment, cal
esmentar com sectors més freds les zones depres-
sionaries de I'llla (Palma, Campos | sa Pobla) que,
per la concavitat del terreny, registren a l'hivern mi-
nimes absolutes més extreames que la resta de I'area
plana de l'illa (GRIMALT et al.,, 1991).

Localitzacio i distribucio del
carst a Mallorca

A Mallorca els fendmens carstics presenten una
localitzacio territorial lligada a la distribucio dels fac-
tars litoldgics | climatics anteriorment comentats, la
localitzacic dels quals permet establir tres clares re-
gions carstiques individualitzades: Serra de Tramun-
tana, Serres de Llevant i el Migjorn (GINES & GINES,
1989).

LA SERRA DE TRAMUNTANA

La Serra de Tramuntana constilueix per
excel-léncia la regid carstica més important de Ma-
llorea, aixd és aixi, tant des del punt de vista de la di-
versitat de les morfologies presents, com des del de
I'espactacularitat del seu desenvolupament. No obs-
tant, dins de la mateixa serra podem diferenciar, tant
d'una forma qualitativa com quantitativa, dues arees,
La primera, la meitat septentrional de la serra, que
vendria delimitada aproximadament entre Sdlleri la
peninsula del Cap de Formentor; la segona, la meitat
meridional d'aquella, delimitada entre Sdller | el seu
extrem sud-occidental localitzat a Sant Elm. Els prin-
cipals trets diferencials entre les dues radiquen que
la primera concentra les majors algaries de la serra,
les majors precipitacions mitjanes anuals i, si més no,
una major preséncia de litologies calcaries.

Les morfologies exocarstiques

Els camps de lapiaz constitueixen sens dubte
I'expressio meés espectacular del modelat carstic i, en
especial, de la configuracio del paisatge de la part
septentrional de la serra. Aquestes formes tenen una
gran profusio en el sector entre el monestir de Lluc i
Pollenca (BAR, 1986) i esdevenen, la majoria d'elles,
de morfologies generades baix cobertura edafica
(GINES & GINES, 1989).

La disposicid geogralica de la Serra de Tramun-
tana, amb uns clars gradients térmics i pluviométrics,
ha permés (GINES, 1990a) establir una zonificacid
altitudinal de la distribucic del lapiaz, que manté com
a caracteristica comuna la preséncia de fractures ver-
licals eixamplades per dissolucid,

Localization and distribution
of karst in Mallorca

In Mallorca, the karstic phenomena location is
linked with the distribution of climatic and lithological
factors. Therefore, three karstic regions could be
identified: Serra de Tramuntana, Serres de Ligvant
and Migjorn coastal plain (GINES & GINES, 1989).

SERRA DE TRAMUNTANA

Serra de Tramuntana is, par excelfence, the main
karstic region of Mallorca, due to the diversity of its
morphologies as well as their extraordinary
development. Nevartheless, it could be distinguished,
both quantitatively and qualitatively, twao different
areas. The first one is the northern moiety which limits
are approximately Sdller village, at the center of the
mountain range, and Cap de Formentor peninsula to
the NE; the second area is the southern pari, that runs
in SW direction from Sdiler to Sant Elm. The main
differences between both areas are that in the first
one there are: the highest tops of the range, the
greatest annual rainfall values. and a more frequent
presence of caleareous lithologies.

Exokarstic morpheologies

Probably the karren fiefds are, especially in the
landscape of the northern area of Serra de
Tramuntana, the most impressive features of
Majorcan exokarst. These solutional morphologies
are abundant between monastery of Lluc and
Pollenca (BAR, 1986); most of them have been firstly
generated under soil coverage and, afterwards,
evolved through exhumation and subaerial
dissolution processes (GINES & GINES, 1988).

The geographical disposition of the main
mountain range of Mallorca, with ebvious rainfall and
temperaiture gradients, allows us to stablish in this
area (GINES, 1990a) a clear altitudinal zoning for the
karren distribution that shows, however, a commaon
characteristic represented by the abundance of
solutionally enlarged fissures.

Karstic depressions are just present on the
northern moiety of Serra de Tramuntana, where a
rather refevant number of dolines have been reported
(GINES etal., 1989; GINES, 1990b). Such land-
forms, usually not larger than 200 m in diameter,
exhibit the typical morphogenesis of dissolution
dolines, with a flat floor covered with decalcification
clays and spotted by shafts working as swallow-
holes. These depressions are often surrounded with
spectacular karren features.

in this region there are several larger karstic
depressions, bul generally their principal axis does
not exceed one and half kilometer and usually they
have close relations with the structural trends of the
range. An important example of this kind of

13



Pel que fa a les depressions de caracter carstic,
tinicament s6n presents a la meitat septentrional de
la serra, on es localitzen un relativament important
nombre de dolines (GINES et al., 1989; GINES,
1990b). Aguestes morfologies, que normalment no
superen els 200 m de diametre, presenten la tipica
morfogénesi de les dolines de dissolucio, amb un
fons pla cobert per argiles de decalcificacio i amb
avencs gue actuen d'engolidors. Exteriorment es pre-
senten enrevoltades per formes de lapiaz.

Respecte a depressions de major tamany,
aguestes tambe hi son presents a la serra, encara
que en general no solen sobrepassar el gquilometre |
mig de llargaria del seu major eix, | quasi sempre pre-
senten una clara relacio amb les directrius estructu-
rals de la zona. Un bon exemple d'aquest tipus de de-
pressions el constitueix la Coma de Son Torrella, a
Escorca, que presentia clares analogies amb els pol-
fes. No obstant, cal esmentar la preséncia de deter-
minades valls lancades, perd capturades per la xar-
xa torrencial, que podrien esser relacionades
genéticament amb antigues depressions lipus polje
(GINES & GINES, 1989).

Finalment, tant a un vessant com 'altre de la Se-
rra de Tramuntana, trobam una série de canyons
carstics, formats on als torrents tallen els paquets de
calcaries | s'encaixen a favor de fractures d'origen
tectonic. El més espectacular d'aquests canyons
carstics el constitueix el Torrent de Pareis (Foto 1)
d'uns 3 km de recorregut, format per la conjuncio del
Torrent de Liuc i el Torrent des Gorg Blau. Es en
aquest darrer ramal, on el tram denominat sa Fosca
adquireix la major espectacularitat, a causa que les
seves parets superen els 200 m d'algada, impedint la
penetracio de la llum natural fins el seu llit. Entre al-
tres, també cal destacar els torrents de na Mora, Fon-
do de Mortitx, des Gorg des Diners, de Coanegra, ete.

Les morfologies endocarstiques

Al darrer inventari de cavitats sublerranies rea-
litzat a Mallorca es donava constancia de l'existéncia
d'aproximadament un milenar d'aquestes morfolo-
gies (TRIAS et al., 1979), de les gquals un B5% es tro-
baven a la Serra de Tramuntana. A més, la localitza-
cio de la majoria d'elles, un 64 % del total de l'illa, es
concentra a la meitat septentrional de la serra.

Es evident, donat el nombre d'aquestes morfolo-
gies, la importancia que té I'endocarst a aquesta re-
gid carstica. Aixi i tot, cal dir que no sén cavitats d'un
gran desenvolupament o dimensions, |a que per re-
gla general no superen el quilomelre de recorregut i
sols una, la Cova de sa Campana (Escorca) amb -304
m, supera la cota de 300 m de desnivell (GINES &
GINES, 1987).

Finalment, cal dir que a la Serra de Tramuntana
trobam basicament cavitats verticals, és a dir avencs.
Fer altra part, i entre d’altres tipologies de menor
preséncia a la serra com son les coves de tendéncia
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depressions is Coma de Son Torrella, in Escorca, that
shows clear analogies with classical poljes.
Moreover, it should be mentioned the presence of
some almost closed valleys, nowadays captured by
the torrential network, that could be genetically
related to ancient polje-like depressions (GINES &
GINES, 1989).

Finally, in both sides of the Serra de Tramuntana
range, a sel of karstic canyons can be found modelled
where the water-courses cut thick limestones making
use of important tectonic fractures. The most
impressive karstic canyon is Torrent de Pareis (Photo
1) approximately 3 kilometers long, formed by the

Foto 1: Fologralia del Torrent de Pareis (Escorca) amb els es-
pectaculars camps de lapiaz qua l'envolten.

Fhota 1;  Photograph of karstic canyon known as Torrent de Parels
{Escorca), together with the spectacular karren Felds that
surround i1

confluence of Torrent de Liuc and Torrent des Gorg
Blau. In the last mentioned stream, the stretch called
Sa Fosca is really magnificient, considering thal its
walls surpass 200 meters in height and so prevent
the day-light from reaching its bottom. Among other
canyons, there should be alse pointed out Torrent de
na Mora , Torrent Fondo de Mortitx, Torrent des Gorg
des Diners, Torrent de Coanegra, elc.

Endokarstic morphologies

The last inventary of Majorcan subterranean
cavilies allude to the existence of approximately over
one thousand of such morphologies (TRIAS et al.,
1979); 85 % were located in Serra de Tramuntana,
and up to 65 % of the cavities existent in the whole
island are situated in the northern moiety of this
range.

As for the large amount of these features, it
results that endokarstic phenomena are cerfainly very
important in this naturaf region. However, it mus! be
said that these are subterranean cavilies lacking a
high development or great dimensions; most of them
do not surpass one kilometer long and anly one
cavern, Cova de sa Campana (Escorca), with -304



horitzontal, cal destacar per la seva exclusivital I'e-
xisténcia de petits avencs de génesi nival.

LES SERRES DE LLEVANT

Dins aquesta area el desenvolupament de for-
mes exocarstiques no presenta una notable rellevan-
cia. Nogensmenys, hi sén presents a arees molt lo-
calitzades on es donen formes de modelat superficial,
degudes a I'exhumacio del criptolapiaz originat a la
interfase sol-roca. Aixi | tot, aguestes morfologies de
lapiaz presenten un incipient micromodelat que esta
dominat per formes de lapiaz amb estries i petites
acanaladures (rillenkarren). Respecte a les depres-
sions carstiques cal esmentar la preséncia d'unes po-
ques dolines.

Fota 2: Entrada de les Coves d'Arta (Capdepera), interessant ca-
vitat carstica litoral de les Serres de Llevant.

Fhoto 2:  The consplcuous eniry o Coves d'Arla (Capdepera),
Interasting Kittoral karsl-cave located in Sarres de Lisvant
region,

Les Serres de Llevant representen la regio cars-
tica que posseeix menys cavitats, un 5% del total de
I'illa, encara que reuneix una bona diversitat tipologi-
ca. Aixi doncs, hi son presents avencs fusiflormes
amb un desenvolupament vertical dels seus pous que
pot superar els 100 m de desnivell, com és el cas de
I'Avenc des Travessets (Arta) on el seu Unic pou arri-

meters, exceed the figure of 300 melers in depth
(GINES & GINES, 1987).

Finally, it must be pointed out that cavities in
Serra de Tramuntana are predominantly vertical
shalls, which are locally known under the term avenc.
Among other sublerranean lypologies whose
presence in the range is less frequent, as occurin the
case of horizontal development caves, it is necessary
io report —because of its exclusiveness— some
small shafts located high in the mountains and
genetically related to snow precipitations.

SERRES DE LLEVANT

In this area the development of exokarstic
landforms is not outstanding. Nevertheless, in some
specific areas there are karren forms produced by the
exhumation of subsoil karren features. However,
these karren features exhibit an incipient superficial
minor sculpture dominated by small sharpened
grooves and rills {rillenkarren). Refering to the karsiic
deprassions, it should be mentioned the existence of
a few dolines.

Serres de Llevant is the karstic region containing
the shortest number of subterranean cavities, only
5 % of the whole island, although it comprises an
impaortant typological diversity. There are vadose
dissolution shafts, with vertical pits which can
occasionally surpass 100 meters of depth; it is the
case of Avenc des Travessels (Aria), a shaft with only
one great pit 145 meters in depth. The horizontal
caves, with very different sizes, have impressive
speleothems decoration, as it is the case of the
famous show-cave named Coves d'Arta (Photo 2) in
Cap Vermell (Capdepera), or contain great chambers
with relevant collapse processes as in Cova Nova de
Son Liuis (Porreres).

MIGJORN

Migjorn natural area, in southern Mallorca, is a
karstic region built on a postorogenic tabular platform
formed by a Tortonian-Messinian calcarenites
sequence, including a reef complex. At superficial
leval, it is morphologically a plain area rather deprived
of any remarkable exokarstic landforms, and where
the solutional sculpture is present only as subsoil
karren developed under the thin soil that covers it
(GINES & GINES, 1988). Nevertheless, there are
some karstic depressions of arge size, as that of
Comes de Son Granada (LIucmajor) or Camp d'en
Torrella (Santanyi), together with other small sized
dolines.

The endokarstic features in Migjorn region show
an important development of horizontal caverns; the
most representative of them, due to its magnificence
and touristic use, being Coves del Drac {Photo 3) in
Manacor. The subterranean cavities in Migjorn area
are characterized by their richness in speleothems
accumulations, and by their general morphology
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ba als 145 m. Per altra part, les cavitats horitzontals,
de dimensions variades, presenten espectaculars
decoracions estalactitigues i estalagmitiques, com en
el cas de les famoses Coves d’Arta (Foto 2) al Cap
Vermell (Capdepera), 0 grans sales presidides per
processos clastics com la Cova Mova de Son Lluis
(Parreres).

EL MIGJORN

El Migjorn de Mallorca constitueix una regio cars-
tica que, tal i com s'ha apuntat amb anterioritat, co-
rrespon a una plataforma tabular post-orogénica for-
mada per una seqiléncia de calcarenites del
Tortonia-Messinia que inclou un complex escullds.
Morfologicament, en superficie, aquest sector con-
forma una plana on gairebé hi son absents les formes
exocarstigues, i on el micromodelat de dissolucid es
limita a un criptolapiaz format davall la minsa capa
edafica que la cobreix (GINES & GINES, 1989). No
obstant, cal esmentar la preséncia d'algunes depres-
sions carstigues de considerable tamany, tals com
les Comes de Son Granada, a Llucmajor, o el Camp
d'en Torrella, a Santanyi, a més d'altres dolines de
meanors dimensions,

Respecte a les formacions endocarstiques, la re-
gio del Migjorn de Mallorca presenta un important de-
senvolupament de cavitats horizontals, una de les
guals —les Coves del Drac (Foto 3) a Manacor— és
emblematica per la seva espectacularitat i explotacio
turistica. Aguestes cavitats del Migjorn es caracterit-
zen, a part de per la seva riquesa en acumulacions
d'espeleotemes, per la preséncia de galeries i sales
on els processos clastics son predominants. A la ma-
joria d'aguestes coves és freqlent que |les seves co-
tes inferiors presentin llacs d'aigles salobroses, re-
lacionats amb el nivell actual de la mar | amb els
fenomens de carstificacio litoral caracteristics d’a-
questa zona.
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ASPECTES BIOCLIMATICS DEL CARST
DE MALLORCA

BIOCLIMATIC ASPECTS OF KARST
IN MALLORCA

José A. GUIJARRO!

Resum

El clima de Mallorca, mediterrani, amb temperatures antre suaus i calides durant 1ot
I'any (mitjana anual de 16,6 "C), permet una notable activitat dels processos carstics; no
lan intensa com a les zones tropicals, perd superior a la de zones més fredes.

Damunt aguest nivell general d'activital es superposen pautes de variacid espacials i
lemporals, degudas a la gran variabilitat dels elements climatics, principalment de la preci-
pitacio. Aquesta presenta valors que oscil-len entre els 1.400 mm, a la Serra de Tramunta-
na, i quantitats al voltant dels 300 mm a |'extrem meridional de I'illa.

Abstract

The climate in Mallorca, typically Medilerranean, with temperatures between mild and
hot throughout the year fannual average of 16.6 °C), allows a remarkable activity of karstic
processes, net 50 intense as in the tropical areas, bul superior to colder areas.

Above this general level of activity spatial and temparary variation patterns arg
superposed, due fo the great variability of climatic elemenis, mainly from pracipitation. This
shows values that range from 1,400 mm, in Serra de Tramuntana mounlain range, to around

300 mm in the southern end of the island,

Introduccio

El clima és molt important com a modulador dels
processos carstics, tant directament, mitjancant la in-
fluéncia directa de la pluviositat i la temperatura en
els mecanismes de dissolucié de la roca calcaria,
com indirectament, permetent-hi el desenvolupament
d'un cert tipus de vegetacid, la qual al seu torn afa-
vorira també aquella dissolucid a través de 'activitat
de les arrels i de la respiracio del sol (JAKUCS,
1977).

En aquest apartat farem en primer lloc una apro-
ximacio general al clima de Mallorca, per a després
parar atencio a les variacions espacials del clima dins
I'illa, aixi com a les variacions dels elements climalics
al llarg del temps.

La font principal per a I'elaboracicé de les taules

1 Societat d'Histdria Natural de les Balears. Estudi General Lul-lia.
G/ Sant Roc, 4. E-07001 Palma de Mallorca.

Introduction

The climate is very important as a modulator of
karstic processes, both directly, through the direct
influence of rainfall and temperature in the dissolution
mechanisms of limestones, and indirectly, allowing
the growth of a certain kind of vegetation, which in its
turn will also favour dissolution through the activity of
roots and the respiration of the soil (JAKUCS, 1977).

In the first place, in this section we will make a
general approach to the climate in Malloreca,
proceeding with the spatial variations of the climate
on the island, as well as the variations of climatic
elements throughout time.

GUIJARRO (1986) has been the main source for
the elaboration of data tables and diagrams, but
GAYA (1976 and 1984), GRIMALT (1989) and JANSA
(1876) have also been consulted as well as the
climatologic data from the Centre Meteorologic de
Balears (C.M.B., several years).
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de dades | diagrames ha estat GUIJARRO (19886),
peré també s'han consultat GAYA (1976 i 1984), GRI-
MALT (1989) | JANSA (1976), aixi com les dades cli-
matalbgiques del Centre Meteorologic de Balears
(C.M.B., diversos anys).

Visio general del clima
de Mallorca

Mallorca es troba sitluada a latituds mitjanes, dins
la Mediterrania occidental, i aixo fa que estigui sot-
mesa a la influéncia alternada de dos trets de la cir-
culacio general de I'atmosfera: 1) a I'hivern ens tro-
bam a la banda sud del cinturd de vents generals de
ponent, i de tant en tant en rebem els sistemes fron-
tals associats; 2) a I'estiu, en canvi, el cinturd de po-
nents puja de latitud, amb la qual cosa quedam sota
la influéncia del cinturd subtropical d'altes pressions,
en el que predomina el temps sec | assolellat, i les po-
gues precipitacions son de caracter convectiu.

Apart d'aquests condicionants generals deguts a
la latitud de Mallorca, les configuracions de I'orogra-
fia al voltant de la Mediterrania imposen altres carac-
teristiques al clima. En efecte, els sistemes muntan-
yencs de I'Atles al sud, les serralades Bétiques |
Ibérica a l'oest, | els Pirineus i Alps al nord, actuen
com a barreres que alteren notablement la circulacid
de |'aire que arriba a la Mediterrania, produini con-
trasts entre masses d'aire gue sovint generen de-
pressions, i fan de la Mediterrania occidental un dels
llocs amb major activitat ciclogenética del mon.

La conseqléncia de tot aixd és un clima molt irre-
gular, amb variacions espectaculars del regim de pre-
cipitacio d'uns anys a altres. La mateixa mar Medi-
terrania és un factor climatic molt important. La
capacitat acumuladora de calor de I'aigua de la mar
actua com a element moderador de les variacions de
temperatura, tant dins el cicle diari com entre les es-
tacions de I'any. Es aixi com els hiverns sdn relativa-
ments suaus, amb poques gelades, | els estius, en-
cara gue calids, no es caracteritzen pels maxims de
temperatura propis de zones mes continentals. La ca-
lor acumulada per la mar durant I'estiu té un altre
efecte: en ser tornada a |'aire a la tardor, contribueix
a inestabilitzar 'atmostera |, amb ocasid d'invasions
d'aire fred a les capes mitjanes | altes de la troposfe-
ra, es produeixen les tempestes més fortes de l"any i
es recullen les majors quantitats de precipitacio, fins
al punt de produir, amb certa freqiéncia, inundacions
per desbordament dels torrents mes afectats per la
pluja.

Tots aguests factors es reflecteixen en el clima
general de Mallorca que il-lustrarem amb el diagrama
ombrotérmic d'una localitat de I'illa, Sant Joan, allu-
nyada dels extrems climatics (Figura 1i Taula l). Amb
153 m d'altitud, té una precipitacid anual mitjana de
584 mm, amb un maxim mensual de 93,8 mm a l'oc-
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General view of the climate
in Mallorca

Mallorca is situated in medium latitudes, in the
western part of the Mediterranean, being submitted to
the alternated infiuence of two fealures of the general
circulation of the atmosphere: 1) in the winter we are
situated in the southern part of the belt of general
western winds and, from time to time, we receive the
frontal systems associated to il; 2) in the summer,
however, the western winds belt rises to a higher
latitude, with which we remain under the influence of
the subtropical belt of high pressures, where the dry
and sunny weather predominates and the few
rainfalls are of a convective character.

Apart from these general conditionings due to the
latitude of Mallorca, the configurations of the
orography around the Mediterranean impose other
characteristics on the climate. In fact, the mountains
of the Atlas in the South, the Betic and the Iberian
ranges in the West, and the Pyrenees and the Alps in
the North, act like barriers which alter notably the
circulation of air that reaches the Mediterranean,
producing greaf contrasts between the masses of air
that often generate depressions and, in this manner,
cause the western part of the Mediterranean to be
one of the areas which has the greatest cyclogenetic
activity in the world.

The consequence of all this is a very irregular
climate, with spectacular variations of the amount of
precipitations from one year to another. The
Mediterranean itself constitules a very important
climatic factor. The heat accumulative capacily of sea
water acts like a moderating element of the
temperature variations, both in the daily cycle and
among the seasons of the year. This is why our
winters are relatively mild, with few frosts, and
summers, although hot, do not attain the maximum
temperatures typical of more continental areas. The
accumulated heat through the action of the sea during
the summer has another effect: on being reverted fo
the air in the autumn, it contributes to destabilize the
atmosphere and when the irruption of cold air oecurs
in the middle and the upper layers of the troposphere,
the most severe storms of the year take place and the
greatest amounts of precipitation are collected, up lo
the point of producing, quite frequently, floodings
through the overflowing of the mountain streams
more affected by the intense stormy rains.

All these factors are reflected in the general
climate of Mallorca which we will illustrate with the
pluvio-thermic diagram of Sant Joan, a locality
situated far from climatic extremes of the island
(Figure 1 and Table 1). With 153 m height, it has an
annual average precipitation of 584 mm, with a
monthly maximum of 83.8 mm in October and a
minimum of 8.7 mm in July. Practically all this amount
falls in the form of rain: the fall of snowflakes on the
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Figura 1:  Diagrama ombrotérmic d'una localitat representativa de
Mallorca,

Figura 1:  Piuvio-thermic diagram of a representative locality in
Mallorca.

tubre i un minim de 8,7 mm el juliol. Practicament to-
la aquesta quantitat cau en forma de pluja: la caigu-
da de flocs de neu al Pla de Mallorca és un fet
anecdotic, i alguns dels 15 dies anuals de tempesta
pot caure calabruix, perd amb una contribucid insig-
nificant al total de precipitacid. El nombre mitja anual
de dies amb precipitacic igual o superior a 1 mm son
60, dels gquals 18 assoleixen o superen els 10 mm.

Pel que fa a les temperatures, la mitjana anual és
de 16,6 °C, amb 31,1 "C com a mitjana de |es maxi-
mes del mes més calid (agost) | 5,6 "C de mitjana da
les minimes del mes més fred (gener). Ocasional-
ment hi pot haver gelades (dies amb minima igual o
inferior a 0 °C) de desembre a marg.

A la Taula | es presenten dades mensuals mitja-
nes d'uns guants elements climatics | un balang hidric
segons el métode de Thornthwaite. En aquest podem
veure que el 30l roman sec des de juny fins a setem-
bre | saturat des de desembre fins a abril. Mo obstant,
aquest balang mitja és només una aproximacio a la
realitat, perqué la precipitacio acostuma a caure con-
centrada en uns pocs dies | no repartida al llarg de ca-
da mes. Per lant, els 34,9 mm d'agost produiran una
certa humitat al sol, encara que per un curt periode
de temps, cosa que sols quedaria reflectida en un ba-
lang hidric realitzat amb dades diaries. El mateix pas-
saria amb 'excés d'aigua (escorrentia superficial i in-
filtracid), que encara gue sigui nul-la els mesos de
maxima precipitacio per estar recarregant la reserva
d'humitat del sol, a nivell diari hi trobariem excessos
els dies amb pluges importants, tal com succeeixala
realitat. Més interessants resullen les dades estima-
des d'evapo-transpiracio real que, deduides a partir
de les de temperatura perd tenint en compte les dis-
ponibilitats d'aigua (de pracipitacid o d'humitat al sol),
poden donar una idea del nivell d'activitat de la vege-
tacio que cal esperar a la localitat.

Es ben conegut que la solubilitat del dioxid de
carboni, i com a conseqiiéncia la de |la roca calcaria,

plain of Mallorca is merely anecdotal and, during
some of the 15 annual stormy days, hailstones can
fall but with an insignificant contribution to the total
amount of precipitation. The annual average number
of days with precipitation equal or over 1 mm are 60,
and in 18 of them 10 mm can be attained or
surpassed.

With regard to temperatures, the annual average
isof 16.6 °C, with 31.1 °C as the average of daily
maximums of the hottest month (August), and 5.6 °C
as the average of daily minimums of the coldest
maonth {(January). Occasionally, there may be frosts
(the days with a minimum temperalure of 0 °C or less)
from December to Mareh.

in Table | the monthly average data of a few
climatic elements and a hydric balance according to
Thornthwaite's method are presented. We are able fo
perceive from il that the soil remains dry from June
untif September and saturated from December untif
April. However, this average balance is only an
approximation to reality, because precipitation
usually falls accumulated in a few days and not!
distributed throughout each month. Therefore, the
34.9 mm in August will produce a certain humidity to
the soil, although only for a short period of ime, a fact
that would just be reflected in a hydric balance carried
out with daily data, The same would occur with the
excess of water (surface run-off and infiltration), that
although it is null during the months of maximum
precipitation as the humidity reserve of the soil is
being refilled, at a daily level we would find an excess
during the days that the heavy rains fall, as it really
happens. The estimated real evapotranspiration data
—which are calculated from the temperatures, but
taking into account the availability of water (from
precipitations or from soil humidity)— reveal more
interest because they can give an idea of the activity
level of the vegetation which is fo be expected in the
locality.

It is well-known how the solubility of carbon
dioxide, and as a consequence that of the limestone,
varies inversely with temperature; which would
explain the different erosion rates corresponding 1o
rocks without soil cover. The existing relationship
between precipitations and regional karstic erosion
rates has also been proved, once the
evapotranspiration values have been put aside
(ATKINSON & SMITH, 1976). Within Mallorca's
general climate, temperatures and precipitacions that
are recorded in the different karstic localities present
remarkable spatial variations that will be dealt with
fater on.

Bioclimatic implications

in the same diagram in Figure 1 we can observe
the most important feature of the Mediterranean
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varia inversament amb la temperatura; aixd explica
les diferents taxes d'erosid corresponents a rogues
desproveides de sol. Tambe s'ha pogut demostrar la
relacio existent entre precipitacions i taxes regionals
d'erosid carstica, una vegada descomptats els valors
de 'evapo-transpiracio (ATKINSON & SMITH, 1876).
Dins el clima general de Mallarca, les temperatures i
precipitacions gue s'enregistren en les distintes loca-
litats carstiques presenten importants variacions es-
pacials que seran fractades mes endavant,

Implicacions bioclimatiques

Al mateix diagrama de la Figura 1 podem obser-
var el tret mes important del clima mediterrani: a l'es-
tiu, quan les temperatures sén més altes, | per tant
també les demandes evaporatives de |'atmosfera, és
quan les precipilacions assoleixen el seu minim,
Aquest fet resulta molt estressant per a la vegetacio
i, apart de les plantes de cicle anual (terdfits) que
completen el seu cicle vital a I'época humida, només
es poden desenvelupar els arbres i arbusts ben pro-
veils d'adapiacions a la sequera.

El paradigma d'arbre mediterrani s |'alzina
(Quercus ilex). Les seves fulles petites, coriacees per
la forta cuticula impermeable, amb els estomes si-
tuats en un revers més clar degut a les microestruc-
tures pil-loses que els protegeixen, son ideals per a
un estricte control de la transpiracid. Al mateix temps,
unes profundes arrels garanteixen el minim d'humitat
necessaria per a reemplagar I'aigua perduda durant
els periodes de sequera. Tant I'alzina com les altres
espécies llenyoses de Mallorca (Pinus halepensis,
Pistacia lentiscus, Olea europaea, Cistus sp, etc) son
de fulla perenne, i per tant no tenen una época de cai-
guda ben definida. No obstant, en el procés de reno-
vacid foliar les fulles que cauen es van incorporant al
sol, on tenen lloc els processos de descomposicid
gue, amb intervencio d'organismes vius, fan que la
concentracid de didxid de carboni a terra sigui dos or-
dres de magnitud superior a la de |'aire.

Aquest fenomen, la respiracio del sol, és afavo-
rit per la humitat | la temperatura, necessaries per a
I'activitat dels organismes descomponedors. Per tant
podem esperar que les concentracions de didxid de
carboni al sol, el seu rentat per I'aigua de plujaila
posterior reaccid d'aquesta aigua acidificada amb la

cfimate; in the summer, when the temperalures are
higher, and therefore also the evaporative demands
of the atmosphere, it is when the precipitalions attain
their minimum. This fact is very stressful for the
vegetation and, apart from plants with an annual cycle
that complete their vital cycle during the humid period,
anly well drought-adapted trees and bushes can
develop.

The paradigm of Mediterranean tree is the holm-
oak (Quercus ilex). Its small leaves, coriaceous due
to its strong impermeable cuticle, and with its stomala
situated at a lighter back side due to ils pilose
micrastructures which protect them, are ideal for a
strict transpiration control. Al the same lime, ils deep
rools guaramiee the minimum of humidity essential to
replace the lost water during the dry season, Both the
holm-oak and the other woody Majorcan species
{Pinus halepensis, Pistacia lentiscus, Olea europaea,
Cistus sp, elc) are evergreen and therefore they do
not have a well-defined falling period. However,
during the process of foliar renovation the falling
leaves are incorporated to the soil, where the
decomposition processes lake place which, with the
intervention of living organisms, cause the
concentration of carbon dioxide in the ground to be
higher in magnitude with regard to the open air.

This phenomenon, the soil respiration, is
favoured by the humidity and the temperature,
essential for the activily of decomposing organisms.
Therefore it is to be expected that the carbon dioxide
concentrations in the soil, its washing produced by
rain water, and the subsequent reaction of this
acidified water with limestones in the subsaoil, will
attain its maximums in the autumn, and will also be
high in the spring, seasons in which there is a better
conjunction of temperature and precipilation values:
in the winter the temperature is lower, and the
summer is too dry.

We must also consider the fact that the rain only
falls in a reduced number of days, in which the rain
takes the form of short periods of showers favouring
the carbon dioxide of the soil to be recharged
between rainfalls, more than if the same amount of
rainfall should fall better distributed fike in atlantic
climates.

Fluctuations in the concentration of carbon
dioxide in the interior of karstic geosystems show a
strong dependence on the main features of the
climate. If the role that carbon dioxide plays is

Las taules que es presenten corresponen a dades mitjanes men-
suals estimades a quadricules de 1 km?, per al paricde 1961-1980,
mitjangant un model de regressio malliple (GUIJARRO, 1986).
Explicacid dals simbols: P = Pracipitacid; T = Temperatura; TM =
Temperatura maxima diaria; Tm = Temperatura minima diaria; Tma =
Temperalura minima mensual; E(L) i ETP(L) = Evaporacid | Evapo-
transpiracid potencial (métode de Linacre); ETP = Evapo-transpira-
cid potencial (matode de Thornthwalle): A = Resarva d'humitat al sél;
ETH = Evapo-transpiracia real; DA = Déficit d"aigua; EA = Excds d'al-
gua {escomentia + infiliracid).
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The fables shown carrespond fo monthly average dala estimaled in
squares of 1 kmZ, for the period 19681-1280, by means of a mulliple
regression modal (GUIJARRO, 19886),

Explanation of the symbals: P = Precipitation; T = Temperalura; TM =
Daily maximum temperature; Tm = Daily minimum temparature; Tma =
Monthly minimum temperature; E(L) and ETP(L) = Evaporation and
potential Evapotranspiration (Linacre’s method); ETP = Polential
Evapolrangpiration {Thornthwaite's method); R = Soil humidity
reserve; ETR = Real Evapofranspiration; DA = Water deficil; EA =
Water excess (run-off + infilfratian),



Valors mensuals de precipitacio (mm), temperatures ( ° C) | evaporacio (mm)

Monthly precipitation values{mm), temperatures ( °C) and evaporation {mm)

Gen Feb Mar  Abr Ma  Jun Jul Ago Set Oct Nov  Des Anual
P 497 437 493 529 403 235 87 349 557 938 615 699 583.9
T 10.0 10.3 11.2 13.4 174 215 249 2564 226 18.3 13.7 108 16.6
™ 143 147 160 184 228 273 309 311 278 229 183 148 3
Tm 5.6 58 6.5 8.5 11.9 15.7 18.9 19.7 17.4 1.7 9.1 6.7 5.6
Tma 0.8 0.8 1.3 34 72 113 150 158 127 82 3.3 1.4 0.8
E(L) 768 708 845 1005 1468 1966 2601 2600 2028 1511 1031 842 1737.3
ETR(L) 60.8 559 664 791 1168 1586 2121 2107 1621 1192 B13 669 1389.9
Balang hidric (mm, pel métode de Thornthwaite) f Hydric balance (mm. using Thornthwaite's method)!

Gen Feb Mar Abr Ma Jun Jul Ago Set Oct MNov Des Anual
P 49.7 437 493 529 403 235 87 349 557 938 615 699 583.9
ETP 208 226 313 459 808 117.3 1584 1481 1063 681 357 230 8533
R 100.0 1000 1000 1000 . 595 0.0 0.0 0.0 0o 257 514 983 529
ETR 208 2265 313 459 808 BAO 87 349 557 681 357 230 5105
DA 0.0 0.0 0.0 0.0 00 344 1447 1132 506 0.0 0.0 0.0 342.9
EA 272 211 180 7.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 73.3

Taulal / Table!: SANT JOAN (X=503km;Y =4383km,Z=153m)

Valors mensuals de precipitacié (mm), temperatures ( °C) i evaporacia (mm):
Monthly precipitation values {mm), iemperaltures { °C) and evaporation {mm).

Gen Feb Mar Abr Ma  Jun Jul Ago Set Oct MNov Des Anual
P 1478 1301 1408 1176 82 301 157 489 953 2047 1856 2075 14023
T 105 106 116 129 165 206 245 248 224 180 140 114 16.5
™ 11.5 119 131 148 197 248 287 287 258 202 154 123 28.7
Tm 9.6 94 101 108 132 164 202 209 191 167 125 104 9.4
Tma 5.9 6.2 6.0 7.7 101 135 177 189 185 127 8.0 6.7 5.9
E(L.) 952 B7.4 1031 1082 1421 1B36 2340 2318 1894 1505 1158 1015 1743.6
ETP(L) 744 676 794 831 1088 1422 181.0 1779 1436 1140 886 783 1338.9

Balang hidric (mm, pel métode de Thornthwaite) / Hyaric balance (mm, using Thornthwaite’s method):

Gen Feb Mar Abr Ma Jun Jul Ago Set Oct Nov Des Anual
P 1478 1301 1408 1176 8.2 a0.1 15.7 48.9 853 204.7 1856 2075 1402.3
ETP 232 243 33.9 43.7 746 1097 1495 1424 1052 66.8 ar.y 25.8 B3G8
R 100.0 1000 100.0 100.0 1000 20.4 0.0 0.0 00 1000 1000 1000 68.4
ETR 23.2 243 339 43.7 746 1097 361 48.9 95.3 668 37.7 25.8 620.0
DA 0.0 0.0 0.0 0.0 0.0 00 1134 935 99 0.0 0.0 0.0 216.8
EA 1246 1058 1069 73.9 a6 0.0 0.0 0.0 0.0 are 14798 181.7 782.3

Taulall / Tablell: ALMALLUTX (X =484 km, Y =4405km; Z=698m)

Valors mensuals de precipitacid (mm), temperatures ( °C) i evaporacio (mm):
Monthly precipitation values (mm), femperatures ( °C) and evaporation (mm).

Gen Feb Mar Abr Ma  Jun Jul Age Set Oct MNov Des Anual
P 30.4 18.5 209 211 15.4 97 21 10,7 38.7 63.5 43.0 46.3 321.3
T 11.6 120 129 148 183 217 249 254 232 194 15.2 12.4 17.6
™ 14.6 151 16.4 1B.6 22.2 25.8 29.0 29.3 26.9 22.7 18.4 15.4 29.3
Tm BB a8 94 111 143 177 208 215 195 160 120 9.5 8.6
Tma as 3.6 4.0 6.2 98 134 1170 175 152 106 6.5 4.4 3.6
E(L.} 81.5 7.6 96.7 107.2 1401 168.5 20894 2109 1768 1437 1049 86.9 1604 .2
ETP{L.) &64.0 B61.2 769 846 1098 1314 18371 1632 1362 1109 81.6 68.0 1250.9
Balang hidric (mm, pel métode de Thornthwaite) / Hydric balance (mm, using Thormthwaite's method).

Gen Feb Ma Abr  Ma  Jun Jul Ago Set Oct MNov Des Anual
P 30.4 18:5 209 211 15.4 9.7 21 10.7 39.7 63.5 43.0 45.3 a3
ETP 24.4 26.9 36.7 50.9 844 1165 1523 1474 1095 2T 401 26.7 888.5
R 2B.5 24.0 16.3 4.3 0.0 0.0 0.0 0.0 0.0 0.0 2.9 225 8.2
ETR 24.4 23.0 28.6 331 19.7 a7 21 10.7 39,7 63.5 40.1 26.7 321.3
(1Y 0.0 a8 8.1 17.8 648 1068 1502 1367 69.8 9.2 0.0 0.0 567.3
EA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Taulalll / Tablelli: CAP DE SES SALINES (X =504 km;Y =4346km;Z=8m)
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roca calcaria del subsdl, seran maxims a la tardor, i
també alls a la primavera, eslacions en les quals es
déna una millor conjuncid de valors de temperatura |
precipitacio: a I'hivern la temperatura és mes baixa, i
I'estiu &s massa sec.

Tambe podem considerar que el fet de que la
pluja es doni només en un petit nombre de dies, en
els quals |a pluja cau en forma de xafecs de curta du-
rada, pot afavorir la recarrega del didxid de carboni
del sol entre pluja | pluja, més que si la mateixa quan-
litat de precipitacio caigués més repartida, com als
climes atlantics.

Les fluctuacions de la concentracio de didxid de
carboni en l'interior dels geosistemes carsiics mos-
tren una forta dependéncia dels principals trets del
clima. Si es considera el paper exercit pel didxid de
carboni &n els equilibris quimics que controlen els
processos de carstificacid, és evident que els aspec-
tes bioclimatics adquireixen una importancia fona-
mental per al desenvolupament del carst. GINES et
al. (1987) han observatl que concenlracions superiors
al 3 % son freqlents en les coves de Mallorca i que
aguests valors mostren grans oscil-lacions al llarg del
cicle anual.

Variacions espacials del clima

Si bé el diagrama ombrotérmic de Sant Joan ens
ddna una idea general del clima de Mallorca, hem de
dir gue I'crografia de l'illa, amb les elevacions de la
Serra de Tramuntana al nord-oest i les de les Serres
de Llevant, menys importants, al sud-est, introduei-
xen considerables variacions d'uns llocs a altres.

MALLORCA S

Figura 2: Precipitacions anuals mitjanes, an mm (1961-1980)
Figure 2:  Annual average procipitations, in mm (1961-1980).

Les més imporlants sén les variacions pluviomé-
triques (Figura 2), que oscil-len entre 1.400 mm al cor

de la Serra de Tramuniana fins a poc més de 300 mm
a les puntes meridionals de l'illa (Cap de Cala Figue-
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considered with regard to the chemical equilibria
controlling the karstification processes, it is obvious
that bioclimatic aspects acquire a greal importance in
the development of karst. GINES et al. (1987) have
observed that concenirations superior to 3 % are
frequent in Majorcan caves and that these values
reveal greal oscillations during the annual cycle.

Spatial variations of the
climate

Although the pluvio-thermic diagram of Sant
Joan gives us a general idea of the climate in
Mallorca, we have to mention thaf the orography of
the island, with its heights, those of Serra de
Tramuntana in the Northwest and those of Serres de
Lievant, less important, in the Southeast, introduce
considerable variations from one place [o another,

The most important are the rainfall variations
(Figure 2), which oscillate between 1,400 mm in the
heart of Serra de Tramuntana up to a little over 300
mm in the southern points of the island (Cap de Cala
Figuera and Cap de ses Salines). Apart from these
extreme conditions, most parl of Serra de
Tramuntana enjoys precipitations over 800 mm, and
the heights in the interior of Arta, in the Northeast,
receive from 700 to 800 mm. In the rest of central and
northern Mallorca they exceed 500 mm, and the
southern part is the driest with less than 500 mm
annually.

With regard to average temperatures, the most
important facior is the altitude and it so happens that
we encounter the coldest areas in the heart of the
mouniains, and the hottest on the coastal plains. The
thermometric oscillations throughout the day are,
however, greater on the plains or extensive valleys
than in the orographic heights, because radiative
interchanges are more intense, and besides the cold
air accumulates during the night which, due to ils
greater density, moves down from the higher areas. It
is frequent to record, in the abundant calmed and
cloudfess nights, thermic inversions which cause, for
example, the minimum temperalure of Palma's
airport, practically at sea level, to be below Serra
d'Alfabia’s, at about 1,100 m height.

In Figures 3 and 4 we have oullined the pluvio-
thermic diagrams of two Majorcan localities with
exireme average precipitations. In Almallutx (Figure
3), on the southern bank of the Gorg Blau reservoir,
we encounter monthly average precipitations over
100 mm from almost September to April, with a total
of 1,402 mm annually. The dry season is reduced o
a little more than two months, from 10th June io about
20th August approximately. However, at the extreme
South of Mallorca {Cap de ses Salines, Figure 4) the
precipitations are considerably inferior, with 321 mm
of estimated annual average, and the dry season



ra i Cap de ses Salines). Llevat d'aquests extrems, la
major part de la Serra de Tramuntana gaudeix de pre-
cipitacions superiors a 800 mm, i les elevacions de
I'interior d'Arta, al nord-est, en reben de 700 a 800
mm. A la resta de la Mallorca central | septentrional
se superen els 500 mm, i la banda meridional es la
més seca, amb menys de 500 mm anuals.

Pel que fa a les lemperatures mitjanes, el factor
més important és 'altitud, | aixi trobam |les zones mes
fredes als nuclis muntanyencs, | les més calides a les
planes costaneres. Les oscil-lacions termomeétriques
al llarg del dia sdn, perd, més grans a les planes o
valls amplis que a les elevacions orografiques, per-
qué els intercanvis radiatius s6n més intensos, i a
més a més durant les nits s'hi acumula l'aire fred que,
degut a la seva major densitat, drena de les zones
més altes. Es freqlient trobar, a les nombroses nits
calmes i amb cel estirat, inversions térmiques que fan
gue, per exemple, la temperatura minima de l'aero-
port de Palma, gairebé al nivell de la mar, sigui infe-
rior a la de la Serra d'Alfabia, a uns 1.100 m d'altitud.

ALMALLUTX (484,4405 698 n

16.5 *C 1402 nn
300
T(*C) Pips)
56 Lili]
40 an
28.7
30 [:11]
20 40
9.4
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Figura 3: Diagrama ombrolérmic d'una localitat amb maxima pra-
cipitacio.

Figure 3:  Pluvio-thermic diagram of a locality with maximum
pracipitation.

A les Figures 31 4 tenim representats els diagra-
mes ombrotérmics de dues localitats de Mallorca amb
precipitacions mitjanes extremes. En Almallutx (Fi-
gura 3}, a la riba sud de I'embassament del Gorg
Blau, hi trobam precipitacions mensuals mitjanes su-
periors a 100 mm des de gairebé setembre fins a
abril, amb un total anual de 1.402 mm. El periode sec
queda reduit a poc més de dos mesos, del 10 de juny
al 20 d'agost aproximadament. En canvi, a ['extrem
sud de Mallorca (Cap de ses Salines, Figura 4) les
precipitacions son considerablement menors, amb
321 mm de mitjana anual estimada, | el periode sec
s'esten durant prop de vuit mesos (de febrer fins a se-
tembre).

Pel que s'ha vist fins ara en referencia a precipi-
tacions i temperatures, quan pujam del nivell de la
mar fins als cims més alts, les primeres augmenten

extends to about eight months (from February fo
September).

CAP DE S5ES SALINES (504,4346) B n

17.6 °C 321 mn

T(*C)

8.6

EFHARJIJIASODND

Figura 4; Diagrama ombrolérmic d'una localitat amb minima pre-
cipitacio.

Figure 4:  Pluvio-thermic diagram of a localily with minimum
pracipitation,

According to what has been exposed until now
with regard to precipitations and temperatures, as we
ascend from the sea level up to the highest peaks, the
first increase while the second decrease. We have o
bear in mind, therefore, that the oplimum
combinations for karstification will be found in the
intermediate areas, with a certain height but far from
the highest zones. In these optimum places is where
we can find holm-oak woods in Mallorca, although the
human influence has considerably reduced its
distribution area.

in the highest zones of the island the vegelation
is preferently herbaceous (Ampelodesmos
mauritanica) or woody of a small size (Teucrium
subspinosum, Astragalus balearicus, Santolina
chamaecyparissus, efc); these mountain zones also
have the disadvantage of being more exposed to the
desiccant action of the wind.

However, in the lowest areas, whose
precipitations are below 500 mm, the holm-oak wood
is substituted, firstly, by pine groves (Pinus
halepensis) and shrubberies (Olea europaea,
Pistacia lentiscus, Phillyrea angustifolia, etc), less
and less dense as precipitation decreases or soils
become impoverished and with less capacily of water
relention.

At a microclimatic level, the orientation of slopes
has a remarkable importance because of the greal
differences of solar irradiation that exist between the
slopes that overlook the North or the South
{GUIJARRQ, 1981 and 1982). This gives rise lo
different evapotranspiration rhythms. If the water
supply to the soil were secured, the sunny slopes
would have a more developed vegelalion. But the
limiting factor of our climate is precipitation, and in the
sunny spots the soil water content diminishes quickly,
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mentre que les segones disminueixen. Hem de pen-
sar, doncs, gue les combinacions optimes per a la
carstificacio es trobaran a situacions intermédies,
amb una certa altitud perd lluny de les zones més ele-
vades. En aguest optim és on podem trobar als alzi-
nars a Mallorca, encara que la influgncia humana ha
reduit maolt la seva area de distribucio.

A les zones mes alles la vegetacio és preferent-
ment herbacia (Ampelodesmos mauritanica) o llen-
yosa de petita mida ( Teucrium subspinosum, Asira-
galus balearicus, Saniolina chamaecyparissus, etc);
aquestes zones de munlanya tenen aixi mateix el de-
savantatge d'estar mes exposades a I'accid desse-
cant del vent.

En canvi, a les zones més baixes amb precipita-
cions per sota dels 500 mm, |'alzinar es veu substituit,
primerament, per pinars (Pinus halepensis) i forma-
cions arbustives (Olea europaea, Pistacia lenliscus,
Phillyrea angustifolia, etc), cada vegada més obertes
segons disminueix la precipitacié o, d'altra banda, els
sdls es fan més pobres | amb menor capacitat de re-
tencio d'aigua.

En un nivell microclimatic, I'orientacic dels pen-
dents té una gran importancia per les grans diferen-
cies d'irradiacio solar que hi ha entre els vessanits
que miren al nord o al sud (GUIJARRO, 1981 1 1982).
Aixd fa que hi hagi diferents ritmes d'evapo-transpi-
racié. Si el subministrament d'aigua al sol estigués
assegurat, les solanes serien els vessants amb una
vegetacic mes desenvolupada. Perd al nostre clima
el factor limitant és |la precipitacio, | a les solanes el
contingut d'aigua al sol disminueix rapidament, men-
tre que a les umbries es manté durant més temps. Es
en aquestes, doncs, on a igualtat d'altres factors tro-
barem una vegetacio mes desenvolupada | podem
esperar que la concentracio de dioxid de carboni al
s0l sigui més alta, i que per tant sigui també major la
capacitat de dissolucio de la calcaria per part de I'ai-
gua de precipitacio que renti aguest sal.

Relacionades amb aquests sdls més decalcifi-
cats podem trobar espécies calcifugues, com |'arbo-
cera (Arbutus unedo) o el bruc (Erica arborea), meés
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whereas in the shady places it lasis longer. It is in
these ones where, with other factors being equal, we
will find a more developed vegetation and the
conceniration of carbon dioxide in the soil is expected
lo be higher, and therefore the limestone dissofution
capacity of precipitation waters that wash this soil
should be also greater.

In relation with these more decalcified soils we
can encounter calcifugous species, such as
strawberry trees (Arbutus unedo) or heather (Erica
arborea), more frequent in the slopes orientated
towards the North or at the bottom of small
depressions,

Variations throughout time

Another characteristic of the Mediterranean
climate is its temporal variability, which becomes
evident on examining its history (FONTANA et al.,
1874). We have to take into account that up til now
we have been referring to average temperature and
precipitation values, but that from one year to another
there are great differences, specially with regard to
precipitation. And not only in the total amount, but
also concerning ils distribution throughout the year.
Therefore, although it is very normal to find July
months with a nulf precipitation, this fact can occur in
any other month (with minor frequencies for the
rainiest months, naturally).

To illustrate these variations from year lo year we
will pay attention to the succession of average
precipitation and temperature in Palma's observalory,
the oldest of the Balearic islands, with records since
1862.

In Figure 5 we can see how the annual
precipitations can oscillate beiween 200 and 700 mm,
with a minimum of 164.6 mm in 1945 and a maximum
of 777.4 mm in 1898. They constitute very important
variations. Those of the annual average lemperature
are not so significant (Figure &), as throughout 132

Figura 5;
Precipitacions anuals de Palma, en mm (1862-1093).

Figure 5:
Palma's annual precipitations, inmm (T1862-1993),
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freqlents en els vessants orientats cap al nord o als
fons de petites depressions.

Variacions temporals

Una altra caracteristica del clima mediterrani és
la seva variabilitat, que es posa de manifest quan
s'estudia la seva historia (FONTANA st al., 1974).
Hem de pensar que fins ara ens hem estat referint als
valors mitjans de temperatura i precipitacio, perd que
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Figura &:
Tempearatures mitjanas anuals de Palma, an "C (1862
1943},

Figure &:
Paima’s annual average temperatures, in °C [1862-
1983}

years the minimum was 15.7 °C in 1925 and 19841,
whereas the maximum was 18.8 °C just in 1989. We
have to point out that the cold period that can be
observed in the Figure 6 between 1917 and 1937 is
due lo the fact that during those years the observatory
was located in the Palma Institute, today situated in
the centre, but then set in the outer parts of Palma,
and therefore with lower minimum temperatures than
in the centre of the city.

These great oscillations, above all those from
precipitations and their temporary distribution from
one year fo another, must necessarily resull in great

'l . A i A ' ! 1 1 L L J

d'un any a altre es donen grans diferéncies, sobretot
quant a la precipitacia. | no només en la quantitat to-
tal, si no tambe respecte a la seva distribucio al llarg
de 'any. Aixi, si bé es molt normal trobar mesos de ju-
liol amb precipitacio nul-la, aquest fet es pot donar
gairebé a qualsevol altre mes (amb freqiéncies més
petites per als mesos més plujosos, naturalment).

Per a il-lustrar aquestes variacions interanuals
pararem atencio a les séries de precipitacid i tempe-
ratura mitjana de I'observatori de Palma, el més antic
de les Balears, amb registres des de 1862,

A la Figura 5 podem veure com les precipitacions
anuals poden oscil-lar entre 200 | 700 mm, amb un
minim de 164,6 mm el 1945 i un maxim de 777,4 mm
el 1898. Son variacions molt importants. Les de la
temperatura mitjana anual no ho sdn tant (Figura 6),
donat que al llarg dels 132 anys el minim va ser de
15,7 °C el 1925 i el 1941, mentre que el maxim fou
18,8 °C al recent 1989. Hem d'aclarir que el periode
fred que s'observa a la Figura 6 entre 1917 i 1937 és
degut a que durant aquells anys I'observatori es tro-
bava a I'lnstitut de Palma, avui una localitzacio cén-
trica, perd llavors situada a I'extraradi de la ciutat, i
per tant amb unes minimes més baixes que al centre
del nucli urba.

Aquestes fortes oscil-lacions, sobretot de les pre-
cipitacions | de la seva distribucio temporal any rera
any, es deuen traduir necessariament en fortes va-
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variations of the activity of karstic processes, and
must be recorded as differences in the sedimentation
rhythms that affect the underground cavilies,
specially whal concerns the development of
speleothems.
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riacions de I'activitat dels processos carstics, i deuen
quedar enregistrades com a diferéncies en els ritmes
de sedimentacio que afecten les cavitats subterra-
nies, especialment en el que fa referencia al creixe-
ment d’espeleotemes.
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LITOLOGIA | TECTONICA DEL CARST
DE MALLORCA

LITHOLOGY AND TECTONICS OF THE
MAJORCAN KARST

Joan J. FORNOS' & Bermadi GELABERT!

Resum

La litologia | disposicio estructural de les roques gue conformen I'illa de Mallorca son
una magnifica basa per al desanvolupament dels fenomens de tipus carstic. A Mallorca hi
son representats practicament sense interrupeid materials des del Carbonifer fins al Plais-
tocé (hi manca part del Cretaci superior | Palecgen inferior). La série té una poténcia apro-
ximada de 3.000 m, dominant Aampliament, adhuc els detrilics, els dipbsits de tipus carbo-
natat, tant calcaries com dolomies, que son els que formen els relleus més importants de
I'illa, L'estructuracio en forma d'escates ancavalcants dirigides cap al NW gue va tenir lloc
durant I'oregénia alpina, va donar com a resultat uns vessants SE amb pendents més suaus,
els guals ja presenten una certa maduresa an el seu modelatge, menire gue ols vessants
NW presenten pendents més forts | un relleu juvenil. A més, el lel gue a la base de les |&-
mines encavalcants s'hi trobin els materials imparmeables del Keuper, juntament amb la
disposicid imbricada dels encavalcaments, suposa I'existéncia de zones permeables (do-
lomias i calcaries del Aelia i Lias) alllades per drees de materials impermeables.

Abstract

The lithology and structural setting of the rocks which form the istand of Mallorca are
magnificen! bases on which karstic phenomeana develop, Almost every geclogical period is
continually represented here, fram the Carboniferous fo the Pleistocene (only part of the
Upper Crelaceous and Lower Palsogene baing absant). The approximale thickness of the
straligraphic sequence is 3,000 m in which carbonate daposits (not only limestones but also
dolomites) conslitute the most important lithologies. The main struclure consists of thrust
sheels imbricated in a NW transport direction. Such deformation took place during the
alpine orogenia and led to SE declivities showing smoather slopes, which present loday a
mare ancignt modelling,; whereas the NW slopes are steaper and their reliel is younger.
Furtharmore, the existence of impermeable materials from the Keuper at the base of the
thrust sheets, added to the overlapping setling thrusts, cause parmeable zones (dolomiles
and limastones from the Rhaelian and Lias) to remain {snlated by areas of impermeable
marlarial.

Introduccio

Els aspectes morfoldgics | morfodinamics de l'es-
tudi i desenvolupament d'un carst no poden esser es-
tudiats de forma aillada, sind que han de quedar en-
quadrats dins del marc geoldgic en el qual es
desenvolupen. Dins d'aguest marc, hi resalten eis as-

1 Departamani de Cléncies de la Terra, Universital de les lles Ba-
lears. Cira de Valldemossa km 7,5, E-07071 Palma de Mallorca,

Introduction

The morphologieal and morphadynamic aspects
of the study of the karst cannol be assessed
separately, as they should be framed within the
geofogical context in which they once develop-
ed. Within this context, the stratigraphical,
sedimentological, petrological, tectonic and
hydrogeological aspects are remarkable. The aim of
this paper is lo make a simple description of the
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pectes estratigrafics, sedimentologics, petrologics,
tectonics, i per suposat els hidrolégics. L'objectiu
d'aguest treball s fer una descripcio planera tant de
les caracteristiques estratigrafiques com de les tecto-
nigues en gué es desenvolupen els fendmens rela-
cionats amb la dinamica del carst a Mallorca.

Des del punt de vista morfologic | morfodinamic
I'illa de Mallorca presenta una amplia varietat
d'exemples, tant endo- com exocarstics, desenvaolu-
pats en les formacions carbonatades existents a l'illa.
Agquestes formacions, presents de forma practica-
ment continua des del Triasic mitja, estan afectades
per una complexa estructuracio tectonica que queda
emmarcada dins del joc de la tectonica de plaques
del Mediterrani Occidental, a cavall entre les plagues
europea i africana, donant lloc a una forta orografia.

Mallorca

ey (Juaternari

Tl Quaternary
Mioch mitj (Serraval 1i37) - Pliocs
Middle Miocene (Serravallisn?) - Pliscene
Oligocit terminal ? - Miock miti) (Langhia)
Late Oligocene 7 - Mididle Miocene (Langhian)
iy Paleogen

3 Paleogene

g I:I Jurassic - Cretaci
g

1]

i

Jurassic - Cretaceous
Trihsic
Triassic

Figura 1:  Mapa geologic de l'ila de Mallorca [ROCA, 1992)

1- Cubeta de Palma; 2- Cubeta d'Inca; 3- Cubeia de sa
Pobla; 4- Cubeta de Campos; 5- Cubeta de Manacor;
&- Cubela de Sta. Margalida; a- Sineu, b- Bonany;
c- Massis de Randa; d- Pulg de Randa; e- sinclinal de

Son Macia-Sant Salvadoer; I- Son Servera.
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stratigraphic and tectonic characteristics which
control the dynamics of karst in Mallorea.

From the morphological and marphodynamic
points of view, the island of Mallorca features a wide
range of endo- and exokarstic examples developed
within its carbonate assemblages. These are present
almost continuously since the Middle Triassic, and
have been affected by a complex tectonic
structuration, framed within the context of the plate
tectonics of the western Mediterranean {an area
placed between the European and the African plates)
which caused a strong orography.

The geclogical structure as well as the
lithological distribution affect the geomorphology of
the isfand, in which three greal zones can be
differentiated (Figure 1). The steepest, known as

bR

. I-anzm'mg[.

o
o

4
el
{'M@

Figure 1:

ForE

Geological map from the Izland of Mallorca (ROCA,
1952).

{-Palma Basin; 2- Inca Basin; 3- 5a Pobla Basin;
4- Campos Basin; 5- Manacor Basin; 6--Sta. Margalida
Bagin; a- Sinew; b- Bonany,; c- Massis de Randa ; d- Pulg
de Randa; e- Son Macia-Sant Salvador syncling; I- Son
Sarvera.



L'estructura geolégica aixi com la distribucic li-
tologica condicionen la geomorfologia de l'illa, en la
qual es poden diterenciar tres grans zones (Figura 1),
La meés abrupta, la Serra de Tramuntana, asta for-
mada per diposits principalment d'edat mesozoica,
fortament estructurats. Es localitza a la part nord-
occidental de I'llla | esta alineada en direccidc NE-SW
on hi ha las principals elevacions (Puig Major, 1.445
m). Les Serres de Llevant, localitzades al llevant ma-
llorqui, presenten uns relleus menys abruptes, si bé
tambe estan formades per diposils d'edat mesozoica
{meés dolomitics) | estan afectades per la mateixa
tecténica alpina. Finalment la zona del Pla, al centre,
esta formada principalment per diposits post-
orogenics en disposicio tabular i d'edat nedgena.

Aspectes estratigrafics
i sedimentologics

La historia estratigrafica de Mallorca comprén
des del Carbonifer fins al Quaternari amb un impor-
fant hiatus a la base del Terciari (Figura 2). La sedi-
mentologia dels materials presents és altament com-
plexa i molt variada, amb una gran superposicio de
diferents ambients sedimentaris, que abasten facies
de tipus lacustre, litorals, de plataforma, de talds i fa-
cies pelagiques, fruit de les diverses elapes en |'es-
tructuracio tectonica. El fet comi més destacable és

Serra de Tramuntana, is constituted by well-
structured deposils, mainly of Mesozoic age. It is on
the northwestern side of the island and is aligned in a
NE-SW direction, where the main peaks stand (e.g.
Puig Major 1.445 m). The Serres de Llevant
mouniains, in the Easi, show less rough topography
despite the fact that they are alse composed of
Mesozoic deposits (more dolomitic) and show the
same alpine tectonic influence. Finally, El Pla arsa,
seltled in the centre of the island, is mainly formed by
tabular post-orogenic deposits from the Neogen.

Stratigraphical and
sedimentological aspects

The siratigraphical history of Mallorca
encompasses the Carboniferous to the Quaternary,
with an important gap at the base of the Tertiary
{Figure 2). The sedimentology of the extant materials
is highly complex and shows great variation regarding
its different sedimentary environments, which include
lake, littoral, platform, slope and peilagic facies, all
resulting from the diverse stages of tectonic setting.
The most remarkable fact in common to almost all
deposits is their carbonate composition, the scarcest
being siliciclastic materials. This reflects not only the
potenfial representation of the stratigraphic series,
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la composicio carbonatada de la gran majoria dels
diposits, amb una escassa representacio dels dipo-
sits de tipus siliciclastic. Aquest fet queda reflectit,
tant en la representacio potencial en la série estra-
tigrafica com en la preséncia d'afloraments cartogra-
fiables en superficie.

PALEOZOIC

Els materials més antics que afloren a Mallorca
corresponen a pelites grises, que intercal-len nivells
de quarsarenites amb crinoideus i pol-len que daten
aquests diposits com a Carbonifer (RODRIGUEZ-
PEREA & RAMOS-GUERRERO, 1984). Presenten
un lleuger grau de metamorfisme i estan afectats per
'orogénia herciniana que ha deixat la seva emprem-
ta en forma d'un intens plegament afectat d'esquisto-
sitat. Per la preséencia en reduits afloraments al peu
de la Serra de Tramuntana i per la composici6 sili-
ciclastica, no té interés per a I'estudi del carst de Ma-
llorca.

MESOZOIC

Els diposits que conformen la seqliéncia del Me-
sozoic a Mallorca presenten una poténcia superior
als 1.500 m, els 1.000 m superiors dels quals corres-
ponen, amb petites interrupcions, a materials carbo-
natats. Els materials mesozoics constitueixen la ma-
jor part del afloraments presents en les zones
estructurades: Serra de Tramuntana, Serres de Lle-
vant i petites elevacions del Pla de Mallorca. Els re-
lleus més abruptes d’aquestes serres estan consti-
tuits pels diposits de calcaries i dolomies pertanyents
al Jurassic. Aquests diposits presenten les manifes-
tacions carstiques, especialment d’exocarst, mes es-
plendoroses.

El Triasic

Els diposits basals del Mesozoic presents a Ma-
llorca corresponen al periode Triasic. El Triasic esta
format (RODRIGUEZ-PEREA et al., 1987) per la ca-
racteristica tripleta de facies anomenades germani-
ques, encara que amb alguna influéncia alpina. La
part basal, facies Buntsandstein, amb una poténcia
superior als 400 m, esta formada per argiles, gresos
i conglomerats que representen un cicle de sedimen-
tacio fluvial amb episodis de tipus lacustre (CALA-
FAT, et al., 1986/87). Els afloraments principals d'a-
questa unitat es donen en el vessant NW del sector
meridional de la Serra de Tramuntana, entre Este-
llencs i Banyalbufar. Per |la seva composicio sili-
ciclastica i la seva disposicio al peu de la Serra de
Tramuntana no tenen interés per a I'estudi del carst.

La part intermitja, facies Muschelkalk, aflora tam-
bé a la costa d'Estellencs. Amb una poténcia aproxi-
mada de 260 m, correspon a dolomies amb lamina-
cions algals, motlles d'evaporites i bretxes
intraformacionals, que evolucionen a nivells amb
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but also the presence of outcrops which can be
mapped on the surface.

PALEOZOIC

The oldest materials outcropping in Mallorca are
grey pellites interlayered with levels of quartz sands
containing Crinoidae and pollen, which date these
deposits as Carboniferous (RODRIGUEZ-PEREA &
RAMOS-GUERREROQO, 1984). They show weak
metamorphism and are also influenced by the
hercinian orogenia which manifests an intense
cleavage folding. Due to both its unique presence as
small outcrops at Serra de Tramuntana and its
siliciclastic composition, the Paleozoic lacks any
interest for the study of karst in Mallorca.

MESOZoIC

The Mesozoic sequence deposits of Mallorca are
over 1,500 m thick, the upper 1,000 m being mostly
limestones. The Mesozoic materials constitute most
of the outcrops of the structured zones: Serra de
Tramuntana, Serres de Llevant and the small hills of
El Pla of Mallorca. The abruptest relief of these
sierras is composed of Jurassic limestones and
dolomites and they happen to be the ones with the
most spectacular karstic (especially exokarstic)
features.

The Trias

The basal Mesozoic deposits of Mallorca are
Triassic in age. The Trias is formed by the
characteristic germanic facies, although they show a
slight alpine influence (HODFH'GUEZ-PEHEA etal.,
1987). The basal Bunitsandstein facies, over 400 m
thick, is constituted by mudstones, sandstones and
conglomerates, which represent a fluvial sediment-
ation cycle with lake episodes (CALAFAT et al.,
1986/87). The main outcrops of this unit occur on the
NW slope of the southern part of Serra de
Tramuntana, between Estellencs and Banyalbufar.
Due to both their siliciclastic composition and their
location at the foot of Serra de Tramuntana, they are
of no interest for the study of karst.

The intermediate unit, the Muschelkalk facies,
also outcrops on the coast of Estellencs. With an
approximate thickness of 260 m, it corresponds to
dolomites with algal and fenestral laminations and to
intraformational breccias. Strata of red and yellow
marls with marly and gypsiferous limestones are
present on top, and above them limestones with
fucoids are dominant (RODRIGUEZ-PEREA et al.,
1987). Such a deposit corresponds to supra and
intertidal environments, which show a short
regressive episode marked by continental sediments
but ending with a clear marine sedimentation of
shallow internal platform. The high dolomitization
together with the scarce surface of outcropping on the



margues vermelles i grogues amb carnioles, i al sos-
tre acaben dominant les calcaries amb fucoids
(RODRIGUEZ-PEREA et al., 1887). El tipus de dipo-
sits presents marquen uns ambients de formacid su-
pra | intermareals a la base, amb un petit episodi re-
gressiu marcat per sediments continentals perd aca-
bant amb una clara sedimentacio marina de
plataforma interna soma. El fort grau de dolomititza-
cid i I'escassa superficie d'aflorament en els pen-
dents més forts del sector meridional de la Serra de
Tramuntana tampoc fan del Triasic mitja un bon subs-
trat per al desenvolupament de les morfologies carsti-
ques.

El Triasic acaba a Mallorca amb la facies Keuper.
Es tracta d'un conjunt molt variat que pot presentar
poténcies de fins a 300 mamb una representacid car-
tografica molt irregular, especialment a la Serra de
Tramuntana, a causa dels efectes tectonics. Esta for-
mat per sediments pelitics, margues vermelles i gro-
guenques, amb importants intercal-lacions de nivells
amb evaporites, guixos i anhidrites, | bancs de dolo-
mies i carnioles que es fan més importants cap al sos-
tre de la série triasica, ja en el transit vers els diposits
jurassics. Les roques volcanigues, en forma de cola-
des basaltiques i dipbsits piroclastics (cinerites), es-
tan ampliament representades. Presenten variacions
valumétriques molt importants, essent aguest el fet
més caracteristic d'aquests nivells. La sedimentacic
del Keuper representa un esdeveniment regressiu im-
portant amb I'acumulacié de diposits continentals i
una forta activitat volcanica (ENRIQUE, 1986). Des
del punt de vista carstologic, el Keuper tan sols pre-
senta algunes morfologies de lapiaz en alguns aflo-
raments puntuals de guixos, en canvi & una gran im-
portancia hidroldgica ja que és el nivell impermeable
per excel-léncia.

En transit cap el Jurassic i sense una clara i im-
portant interrupcic, els dipbsits d'edat retiana mar-
quen l'inici de la sedimentacio marina amb una se-
qléncia d'aprofundiment progressiu gue durara tot el
mesozoic. Amb una poténcia aproximada de 200 m
consisteix basicament en dolomies, carnioles i algu-
nes intercal-lacions margoses; aflora basicament al
llarg de la Serra de Tramuntana. En aguests male-
rials es desenvolupan algunes cavitals carstigues de
notable profunditat.

El Jurassic

Els materials jurassics sdn els materials domi-
nants a l'illa | conformen la major part dels dominis
estructurats (Figura 3). Afloren al llarg de tota la Se-
rra de Tramuntana i Serres de Llevant, aixi com en al-
gunes elevacions de la zona del Pla. Formats per ma-
terials carbonatats, presenten unes poténcies al
vollant dels 500 m. Representen una gran fase trans-
gressiva en la qual queda reflectida 'evolucid des
d'una plataforma soma carbonatada al Lias, a dipd-
sits de marge continental i facies pelagiques que per-

steepest slopes of the southern Serra de Tramuntana
do not! allow the Middle Trias to be a suilable
substrate for the development of karstic fealures.

In Maliorca, the Trias ends with the Keuper
facies. It consists of a very varied set, which thickness
can reach over 300 m. This invalves, due lo the
tectonics, a certainly irregular mapping, especially in
Serra de Tramuniana. It is formed by pellitic
sediments and red and yellowish marls interbedded
with important levels of evaporites, gypsum and
anhydrites, delomite banks and marly gypsiferous
limestones whose importance increases at the top of
the Trias series, once within the limit of the Jurassic
deposits. Volcanic rocks, such as basaltic lows and
piroclastic deposits (cinerites), are widely
represented. Their very important velumetric
variations are the most characteristic aspect of these
deposits. The Keuper sedimentation represents a
reflevant regressive event as it implies the
accumulation of continental deposits and strong
volcanic activity (ENRIQUE, 1986). From the karstic
point of view, the Keuper just presents some karren
features in definite gypsum outcrops; however, itis of
greal hydrological importance as it is the
impermeable level par excellence.

Evolving gradually towards the Jurassic, in the
absence of any clear or important inferruption, the
Rhaetian sediments point to the beginning of marine
sedimentation with a progressive deapening which
lasts through the whole Mesozoic. The Rhaetian
shows a thickness of 200 m, being basically
composed of dolomites and marly and gypsiferous
limestones interbedded with maris. It mainly outcrops
along the Serra de Tramuntana and implies several
karstic cavities of notable depth.

The Jurassic

The Jurassic materials are dominant in Mallorca,
where they conform most of the structured terrains
{Figure 3). They outcrop along both mountain ranges,
Serra de Tramuntana and Serres de Llevant, and
even in some of the hilfs in El Pla area. They consist
of carbonate materials with a thickness up to 500 m.
The Jurassic materials represent a great
transgressive phase in which the evalution from a
shallow carbonate platform (Lias) to continental
margin deposits (Dogger and Malm) can be seen with
a pelagic facies reaching the Lower Cretaceous
period (COLOM, 1975; BARNOLAS, 1984; FORNOS
et al., 1984 and 1986/87).

Lower Jurassic rocks (Lias), which gradually
grow from the Keuper, are formed of marly and
gypsiferous limestones and dolomites which evolve
fowards breccias and massive micritic limestones.
Thus, the base of the Lias is conslituted by dark
dolomites, breccias and marly and gypsiferous
limestones. This unit has a massive appearance and
its dolomites are frequenily breccia-like. On top the
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durara fins el Cretaci (COLOM, 1975; BARNOLAS,
1984; FORNOS et al., 1984 i 1986/87).

El Jurassic inferior o Lias, amb un transit gradual
des del Keuper, esta format a la base per carnioles |
dolomies que evolucionen cap a bretxes i calcaries
micritiques massives. La base del Lias esta consti-
tuida per dolomies fosques, bretxes i carnioles. Es
una unitat d'aspecte massiu en la qual les dolomies
estan freqientment bretxades. Cap al sostre dominen
les calcaries micritiques, i de l'aspecte massiu es
passa a uns nivells més estratificats, fent-se evident
la preséncia dels components bioclastics | colitics.
Per sobre d'aquests grans paquets carbonatats, hi ha
uns petits nivells, molt variables, que peden arribar a
tenir de 30 m a 40 m de poténcia | de distribucio irre-
gular, formats en un cas per margocalcaries amb
abundant fauna neritica i, en d'altres, per capes d'en-
crinites amb abundants belemnits. En ambdds casos
la seqligéncia lidsica acaba amb nivells de quarsare-
nites i microconglomerats, també de distribucio molt
irregular (més importants a la Serra de Tramuniana)
perd que en cap cas superen &ls 10 m de poléncia.
Estan formats per grans de quars ben arrodonits, de
color vermellds | constitueixen un bon nivell guia a es-
cala regional. Sobre aguesta unitat es disposa un sol
endurit (hard ground) format per costres d'éxids de
ferro, de manganés, fostats | estromalolits pelagics.
Aguest s6l endurit marca la fi de la important sedi-
mentacio carbonatada de plataforma liasica, amb la
ruptura i enfonsament d'aquesta plataforma al Toarcia.

La major part dels fenémens carstics, tant d'endo-
com d'exocarst, que s'observen a la Serra de Tra-
muntana afecten directament les calcaries del Lias. A
les Serres de Llevant, on la composicio del Lias és
més dolomitica, el carst hi esta menys desenvolupat.

El Jurassic mitja, Dogger, esta format a grans
trets per calcaries noduloses | margocalcaries, que
presenten variacions de poténcia molt importants, de
30 a 160 m. Aquesta unitat és molt rica en fauna
d'ammaonits i inclou diversos nivells considerats com
a Ammonitico Rosso o facies de condensacio. L'al-
ternanga ritmica de capes margoses i capes calcaries
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Figura 3:

Els dipdsits de calcaries | dolomies del Jurassic de Ma-
llorca conlormen la major part dals dominis estructurats
de la Serra de Tramuntana (zona del Puig Major, Escorca).

Figure 3:

Limestone and dolomite deposits from the Jurassic of
Mallorca form most of Serra de Tramunlana structured
domains (Puig Major area, Escorca).

micritic limestones are dominant and the massive
appearance gives way to more siratified levels in
which bioclastic and oolite limestone components
certainly become obvious. Above these great
limestone assemblages there are some short variable
levels, 30 to 40 m thick and irregufarly located, formed
either by marly limestones containing plenty of neritic
fauna or by encrinite layers with abundant
belemnites. Both Lias series end with quariz sands
and microconglomerates of irregular distribution,
which are more relevant in Serra de Tramuntana,
even though their thickness never exceeds 10 m.
They are formed of rounded reddish quariz grains and
they constitute a good key level at a regional scale.
Over such a unit a hard ground formed by crusis of
iron oxide, manganese and phosphates as well as by
pelagic stromatolites can be observed. This hard
ground marks the end of the important carbonate
sadimentation of the Lias platform, as it breaks and
deepens during the Toarcian.

Most of the karstic phenomena (both endo- and
exokarstic) which can be observed in Serra de
Tramuntana, directly affect the Lias limestones. In
Serres de Llevanl!, with higher dolomitic confents, the
karst is not s0 developed.

In short, the Middle Jurassic (Dogger) is
composed of both nodular and marly limestones
showing a wide range of thickness, from 30 to 160 m.
This unit is very rich in ammonite fauna and it also
includes a set of levels now considered as
Ammanitico Rosso or condensation facies. Also
frequent is a rhythmic alternation of marly and
limestone layers, tens of meters in thickness, with
abundant levels containing chert. In some cases,
oolite and bioclastic lenticular limestones display
themselves in sequences reaching thicknesses over
100 m. The set of Dogger deposils is considered as
hemipelagites, showing some structural hills on fop of
which the Ammanitico Rosso facies developes and
where the pelagic boltoms of turbiditic resedimented
facies (oolite levels), coming from the platform, also
evolve,



d'ordre decimétric amb abundants nivells amb silex
també hi &s freqient. De forma aillada, i amb cossas
que presenten geometries lenticulars, es disposen
calcaries oolitiques i bioclastiques distribuides de for-
ma seqiencial amb poténcies que poden superar els
100 m. El conjunt dels diposits del Dogger represen-
ten una sedimentacio de tipus hemipelagic, amb al-
guns alts estructurals sobre els quals es desenvaolu-
pen les facies d'Ammonitico Rosso, | amb la
preséncia en aquests fons pelagics de facies resse-
dimentades (nivells oolitics) en forma turbiditica, pro-
cedents de la plataforma.

Els afloraments mas importants del Dogger co-
rresponen als nivells margosos, per la qual cosa els
fendmens carstics hi son poc representats en aguests
nivells.

El Jurassic superior, o Malm, representa a grans
trets la continuacid de la sedimentacio de tipus pela-
gic | hemipelagic iniciada a la fi del Lias. En conjunt
es tracta de facies de calcaries noduloses que inter-
cal-len nivells de condensacio tipus Ammeonitico Ros-
50, amb margues radiolaritiques i calcaries siliciques
finament laminades. Localment també hi sén pre-
sents calcaries bioclastiques i oolitiques ressedi-
mentades. La poténcia del Malm, rarament supera els
200 m, essent en general mes reduida a la Serra de
Tramuntana que a les Serres de Llevant. Els diposits
del Malm, com els del Dogger, representen una clara
sedimentacit de marge continental.

A l'igual que al Dogger, 'alternanga de nivells de
poca poténcia de calcaries amb nivells margosos |
margocalcaris, fa que en aguesta unitat les morfolo-
gies carstigues no hi siguin molt abundants.

El Cretaci

El Cretaci és un periode poc representat a Ma-
llorca, encara gue localment pot presentar poténcies
importants (150 m). Els seus nivells inferiors afloren
basicament al vessant sud-oriental de la Serra de
Tramuntana i a les Serres de Llevant, mentre que els
superiors, ho fan tan sols de forma que podriem dir
testimonial a la Serra de Tramuntana, amb molt poc
aflorament | volum de materials (COLOM, 1947 i
1875; MATAILLET & PECHOUX, 1878; SﬁBAT,
1986).

La sedimentacid de tipus pelagic del Jurassic su-
perior continua i s'incrementa durant el Cretaci infe-
rior, amb la deposicid d'importants gruixos de mar-
gues | margocalcaries blanques (facies Maiolica) amb
fauna de radiolaris i tintinids, que marquen una clara
sedimentacic pelagica en un mar profund. Aquest ti-
pus de sedimentacio, pero, esdeve cada cop mes so-
ma i amb influéncies terrigenes.

CENODZOIC

El Cenozoic a Mallorca esta ampliament repre-
sentat mostrant el seu conjunt una poténcia superior
als 1.500 m (RAMOS-GUERRERO et al., 1989). Pot

The most important Dogger outcrops are those of
marly levels so that karstic phenomena are scarcely
fournd.

The Upper Jurassic, or Malm, represents the
continuation of the pelagic and hemipelagic
sedimentation which started during the Upper Lias.
As a whole, it consists of a set of nodwlar limestone
facies interlayered with condensation levels of
Ammonitico Rosso facies, and thinly laminated
radiolarian marls and siliceous limestones. Locally,
there are also resedimented bioclaslic and oolite
limestones. The Malm is usually under 200 m thick
and tends to be shorter in Serra de Tramuntana than
in Serres de Llevant. The Malm and Dogger deposits
represent a contingntal margin sedimentation.

As happens with the Doegger, the alternation of
thin limestone levels with marls and marly limestone
result in few karstic features.

The Cretaceous

The Cretaceous is hardly represented in Mallorca,
although it can reach a relevant thickness in some
places (150 m). Its lower levels mainly outcrop on the
Southeast slope of both Serra de Tramunfana and
Serres de Llevant. However, its upper levels are
scarcely present, small outcrops of low thickness
appearing in Serra de Tramuntana (COLOM, 1847
and 1975; MATAILLET & PECHOUX, 1978; SABAT,
1988).

The pelagic sedimentation from the Upper
Jurassic seems to continue and grow during the
Lower Cretaceous with the great deposition of marls
and white marly limestones (Maiolica facies)
conlaining Radiolaria and Tintinnida, which evidence
a deep sea pelagic sedimentation. Such a
sedimentation became gradually shallower and more
influenced by terrigenous matlerials.

CENOZOIC

The Cenozoic is widely represented in Malflorca,
having on the whole a thickness of over 1,500 m
(RAMOS-GUERRERO et al., 1983). Two great units
can be dislinguished: a pre- and synlectanic
Cenozoic unit and a post-tectonic one. The first,
covering the Middle Eocene to the Lower Miocene
{Langhian), only outcrops in Serra de Tramuntana,
Serres de Llevant and, occasionally, in the ceniral
area of the island. The second one, from the Middle
Miocene to the present, occupies most of the
depressed areas in the Pla de Mallorca, as well as
those known as “Marines” in the Migjorn region of the
island.

The Paleogene

In Mallorca, as in the entire Balearic area, the
Paleocene and the Lower Eocene are absent, as a
consequence of both the emersion of the area which
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ser dividit en dos grans unitats: un Cenozoic pre- i
sintectonic i un postectonic. El primer, que abasta des
de I'Eocé mitja fins al Mioce inferior (Langhia), aflora
només en la Serra de Tramuntana, Serres de Llevant
i, puntualment, al centre de l'illa. El segon des del
Miocé mitja fins a 'actualitat ocupa la major part del
Pla, les zones deprimides, aixi com les denominades
“Marines” que conformen el Migjorn de Mallorca.

El Paleogen

A Mallorca, aixi com a la resta de I'area balear,
no hi son presents ni el Paleocé ni I'Eoce inferior.
Aquesta abséncia ha estat sempre relacionada amb
I'emersi6 de 'area que actualment ocupa el Golf de
Valéncia i les Balears. Els processos erosius que
afectarien aguesta area emergida serien els respon-
sables de I'escassa preséncia de diposits correspo-
nents al Cretaci superior.

El primers materials d’edat paledgena afloren a
les Serres de Llevant i corresponen a I'Eocé mig i su-
perior. Amb potéencies que escassament superen I'or-
dre decameétric, estan formats per calcarenites i mar-
gues rigues en nummoulits, que intercalen nivells de
gresos i conglomerats poligénics amb codols de ma-
terials jurassics i cretacis, dipositats en un ambient li-
toral i de plataforma interna. A la Serra de Tramunta-
na aquests nivells estan formats per calcaries
micritiques marronoses, disposades en bancs tabu-
lars, amb restes carbonoses, que corresponen a con-
ques lacustres d'aigua dolga més o menys profundes
(RAMOS-GUERRERO et al., 1985).

L'Oligocé, amb una preséncia més important que
I'Eoce, és una unitat clarament detritica de caracter
continental. A les Serres de Llevant, esta formada per
gresos massius amb intercalacions de llims i argiles
vermelles amb poténcies que localment poden supe-
rar els 100 m. A la Serra de Tramuntana, dominen els
conglomerats poligénics disposats en cossos lenti-
formes, que inclouen nivells llimosos i petits bancs
carbonatats amb nombroses concrecions algals. El
conjunt, que pot superar els 150 m de potéencia, re-
presenta una sedimentacid de tipus fluvial amb epi-
sodis de tipus palustre.

La preséncia de fenomens carstics en els mate-
rials paleogens és de poca importancia.

El Neogen

El Neogen esta format practicament en la seva
totalitat per diposits de tipus carbonatat i el seu con-
junt suposa una poténcia de més de 1.500 m. La part
basal del Miocé, amb preséncia molt irregular i amb
importants variacions de poténcia que poden arribar
als 70 m, esta formada per conglomerats amb matriu
calcarenitica i calcaries bioclastiques i esculloses
(HODHiGUEZ-PEHEA, 1983). Aquests nivells reom-
plen un substrat irregular i representen una sedimen-
tacio litoral dins d'una paleogeografia complexa. En
transit cap el Mioce mig, una important gruixa de mar-
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is at present occupied by the Valencian Trough and
the Balearic Islands, and the former erosion
processes which affected those Upper Cretaceous
deposits.

The first outcropping materials from the
Paleogene are located in Serres de Llevant and are
of Middle and Upper Eocene age. Their thickness is
often not over a few tens of meters. They are formed
by calcarenites and marls rich in nummulites,
interbedded with sandstone levels and polygenic
conglomerates containing pebbles from the Jurassic
and the Cretaceous which settled within a littoral
environment. In Serra de Tramuntana those levels
consist of brownish micritic limestones displayed in
tabular banks, interlayered with carbonaceous
remainings related to more or less deep fresh water
lake basins (RAMOS-GUERRERQO et al., 1985).

The Oligocene, more important than the Eocene,
is undoubtedly a continental detritic unit. In Serres de
Llevant it consists of massive sandstones, silts and
reddish clays and its thickness sometimes exceeds
100 m. In Serra de Tramuntana the polygenic
conglomerates displayed as lenticular beds are
dominant, and include siltstones and limestones with
algal concretions. Such a set, which can exceed 150 m
thick, represents fluvial sedimentation and swamp
deposits.

The presence of karstic phenomena on the
Paleogene materials is almost non-existent.

The Neogene

The Neogene is composed mostly of carbonate
deposits and as a whole it comprises a thickness of
over 1,500 m. The Lower Miocene, whose presence
and thickness (occasionally reaching 70 m) are rather
irregular, is formed of conglomerates with a
calcarenitic matrix and bioclastic and reefal
limestones (RODRIGUEZ-PEREA, 1983). These
levels cover an irregular substrate and represent a
littoral sedimentation immersed in a complex
paleogeography. Moving gradually towards the
Middle Miocene there appears a great thickness of
marls and calcarenites, occasionally up to 500 m,
both interlayered with silexite levels and abundant
delapsional deposits, olistoliths, slumps, etc., which
correspond to turbidite deposits (RODRIGUEZ-
PEREA, 1983). Such a set represents the deepening
basin, thus having a typical slope and continental rise
sedimentation which coincide with the main Alpine
structuration of Mallorca. These turbidite units end
with a shallow carbonate sequence of bioclastic
limestones which outcrop almost exclusively in the
central hills of El Pla area, although they can reach a
thickness of around 150 m.

The Lower Miocene deposits, together with the
Lias limestones, contain the most spectacular
exokarstic features, the most remarkable being the
karren landscapes of the central Serra de



gues i gresos carbonatats que pot ser de fins a 500 m,
amb nivells de silexites i abundants dipdsits de lipus
delapsional, olistdlits, slumps, etc,, interpretals com
a diposits turbiditics (RODRIGUEZ-PEREA, 1983),
representen I'aprofundiment de la conca, o subcon-
ques, amb una tipica sedimentacid de talis | peu de
talis, que coincideix amb la principal fase d'estructu-
racid alpina de Mallorca. Aquesta unitat turbiditica
acaba amb una sequéncia carbonatada someritzant,
farmada per calcaries bioclastiques, que afloren prac-
ticament només a les elevacions centrals del Pla perd
poden atényer poténcies al voltant dels 150 m.

Els dipdsits del Miocé inferior, juntament amb les
calcaries del Lias, son els que mostren les morfologies
exocarstiques mes espectaculars, de les guals desta-
quen els paisatges de lapiaz de la zona central de la
Serra de Tramuntana. La composicio jurassica de la
major part dels codols que formen els conglomerals
del Miocé inferior, aixi com |'elevat grau de cimentacio,
fa que tenguin un comportament similar davant els
fenomens de tipus carstic i que, per tant, en el paisat-
ge siguin dificils de diferenciar uns nivells dels altres.

El Miocé mig enregistra les darreres etapes de
I'estructuracio, amb la deposicio de seqliéncies cla-
rament regressives, de tipus lacustre i palustre, amb
la deposicid de margues amb guixos, nivells de car-
bé i llentions de calcaries amb silex, que nomes aflo-
ren parcialment de forma dispersa a la zona del Pla
de Mallorca amb poténcies molt irregulars d'ordre
hectométric (RAMOS-GUERRERO et al., 1994).

Els diposits del Miocé superior, juntament als del
Lias, suposen l'altre volum important pel que fa a aflo-
raments a 'illa de Mallorca. El Miocé superior, format
per dipbsits carbonatats, reomple les zones que en-
revolten les arees estructurades: les zones denomi-
nades Marines (POMAR et al., 1992). Es tracta de
diposits tabulars, formals per una alternanca de cal-
carenites i calcisiltites a la base, que evolucionen a
calcaries esculloses massives i calcarenites, i gue
acaben amb calcarenites | calcaries oolitiques en el
denominat “Complex Terminal” (FORNOS & POMAR,
1983). Amb poténcies globals que poden superar els
300 m, formen els penya-segals costaners de la zo-
na meridional i oriental de l'illa. Aquests nivells re-
presenten una sedimentacio carbonatada de plata-
forma, amb el creixement d'importants masses
d'esculls de coralls, | amb la preséncia de planes are-
noses molt somes amb estromatolits | afectats per
una forta dinamica marina.

Per la seva gran poténcia i quantitat d'aflora-
ment, aquestes calcaries mostren diversos fendmens
carstlics. Donada |a localitzacio a |a linia de costa (Fi-
gura 4) destaca especialment el lapiaz litoral, | una
gran abundéancia de coves i cavitats en les quals son
presants els processos que interrelacionen la dina-
mica carstica i la marina, incloent-hi tots els feno-
mens relacionats amb les oscil-lacions del nivell de la
mar durant el Quaternari. Un exemple de tota aques-
ta dinamica son, entre moltes d'altres, les famoses

Tramuniana. The Jurassic composition of most of the
pebbies which compose the Miocene conglomerates,
as well as the high cementation rate, encourage all of
them to show a similar behaviour regarding the
karstic phenomena, so that it becomes a difficult task
to differentiate the different levels .

The Middle Miocene records the lalter phases of
structuration through the deposition of clearly
regressive sequences. These sequences —character-
ized by lacustrian and palustrian deposition of marls
and gypsums, coal levels and cherty limestone
bodies— outcrop, partially and dispersely, in the area
of El Pla de Mallorca, where their thickness, of a
hectomelric scale, is quite irregular (RAMOS-
GUERRERO et al., 1934),

The Upper Miocene, as well as the Lias deposils,
are the most important limestone outcrops of
Mallorca. The Upper Miocene, composed by
limestones and calcarenites, forms the areas
surrounding the structuration zones: the so-called
“Marines” (POMAR et al., 1992). These are tabular
deposits consisting of alternating calcarenites and
calcisiltites at the base evolving towards massive
reefal limestones and calcarenites, and ending with
oolite limestones and calcarenites in the unit
designated as “Terminal Complex” (FORNOS &
POMAR, 1883). Their thickness, occasionally
exceeding 300 m, forms the coastal cliffs of the South
and East of the island. These levels represent a
carbonate platform sedimentation where relevant
coral reefs growth and where sand shoals containing
stromatolites can be found, showing a strong marine
dynamics.

Due to their great thickness and extended
outcrops, these limestones present diverse karslic
phenomena. Due to their alignment with the sea
shore (Figure 4) the littoral karren is remarkable, with
great abundance of caves and cavities where
processes linking the karstic and marine dynamics

Figura4: Afloraments de calcaranites portanyents al Miocé supe-
rior al litoral orienial de Mallorca.

Figure 4: Calcarenites outcrops, Uppar Miocane in age, on the
eastern liltoral of Mallorea,
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Coves del Drac al llevant mallorqui. Aguestes calca-
ries estan afectades endemés per nombrosos pro-
cessos paleocarstics que han actuat des del Miocé
superior fins a l'actualitat.

El Pliocé, encara que amb una important potén-
cia, més de 200 m (COLOM, 1985; SIMA & RAMON,
1986), practicament no aflora. Pot observar-se bé no-
meés en sondatges, essent present a les parts més
deprimides del Pla, Conca de Palma i Conca d'Inca -
sa Pobla. Format per calcisiltites ocres a la base, al
sosire evoluciona cap a calcarenites, que s'interdigi-
ten lateralment a nivells detritics formats basicament
par conglomerats. El conjunt carrespon al rebliment
de les zones més deprimides localitzades al peu de
les serres, amb una sedimentacid tipicament de ba-
dia, litoral i amb la preséncia de cossos deltaics que
acumulen els materials procedents de I'erosio de les
serres. Des del punt de vista carstic, a causa de la fal-
ta d'aflorament, no presenten morfologies de lapiaz i
només s'hi han localitzat petites cavitats sense gaire
importancia.

Els diposits plio-quaternaris i guaternaris (BUT-
ZER & CUERDA, 1962; CUERDA, 1975) consisteixen
basicament en calcarenites, que corresponen a di-
versos episodis dunars relacionats amb els episodis
glacials pleistocens, | a facies detritiques conglo-
meratiques d'origen al-luvial | procedents del des-
mantellament de les serres, especialment de la Serra
de Tramuntana.
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are common, including those related to the sea level
changes of the Quaternary. The famous Coves del
Drac, on the eastern coast of Mallorca are, among
others, a good example of such dynamics. These
limestones are also affected by paleokarstic
phenomena which have been present from the Upper
Miocene ta the present.

Despite its important thickness of over 200 m
(COLOM, 1985; SIMA & RAMON, 1986), the Pliocene
hardly outcrops. It can be only observed through
drillings made in the lowest areas of El Pla, the Conca
de Palma and the Conca d'Inca - Sa Pobla. The
Pliocene base consists of yellowish calcisiltites
avolving at the top into calcarenites, which are
laterally interbedded with detritic levels mostly formed
by conglomerales. This set corresponds to the filling-
up of the most depressed zones at the fool of the
ranges, where there is a typical bay, littoral and
deltaic sedimentation which accumulates materials
resulting from the denudation of the mountains. Due
io scarce oulcropping, the Pliocene does not show
karren features from the karstic point of view, sa that
just small unimportani cavities can be found along its
domains.

The Plio-Quaternary and Quaternary deposits
(BUTZER & CUERDA, 1862; CUERDA, 1875) are
basically calcarenitic, and they coincide both with
dune episodes related to Pleistocene glacial evenis
and with conglomerate facies of alluvial arigin coming
from the denudation of the mountain ranges,
especially from Serra de Tramuntana.

Figura 5:
Mapa fisiografic de la Conca Catalano-Balear (RO-
CA,1992; simplifical de CAMALS &f al., 1882).

Figure 5:
Physiographic map of the Calalano-Balear basin (ROCA,
1992; simplified from CANALS et al., 1582).




Marc tectonic i geologic

Mallorca constitueix 'enclau emergit mes extens
del Promontori Balear (Figura 5), el qual correspon a
un relleu, en gran part submari, que s'estén des del
Cap de la Nau, a Alacant, fins al NE de Menorca. El
Promontori presenta una orientacio SW-NE i corres-
pon a la prolongacid cap al NE de les estructures de
les Bétiques externes, o de les parts més septentrio-
nals de les internes.

El Promontori Balear té una longitud de 440 km |
es troba limitat per grans espadats i pendents molt
forts que defineixen uns limits molt nets amb els fons
submarins adjacents: la conca Algerianaa 'EISE | la
conca Catalano-Balear a I'W | NW, les quals indivi-
dualitzen les Balears d'Africa i Ibéria, respectivament.

L'illa de Mallorea constitueix un segment del cin-
turd de plecs i encavalcaments producte de la col-li-
sid continental entre la placa ibérica i 'africana. La
col-lisid, que ocorregué des del Cretaci superior
{aprox. 84 Ma) fins al Miocé mig (15 Ma), afecta les
Bétiques i les Balears i fou deguda al gir antihorari
d'Africa i Arabia com a resposta a I'obertura de
I'Atlantic sud (OLIVET et al., 1984; entre d'altres).
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Figura 6: Esquema de I'estructura en profundital de illa de Ma-
llorea (RAMOS-GUERRERO ef al. ,1983).
A, B i C representen hipolesis diferents da l'estruciura en
profunditat a Mallorca. En A | B, Randa | Serres de Lle-
vant ancavalguen la Serra de Tramuntana. Nomeés un en-
cavalcament tarda ha estat representat i les falles nor-
mals posteriors es mostren en la seva posicit Iniclal, En
B, el "duplex” inferior de les Serres de Llevan! involucra
unicament materials del Trasic. G mostra ol resultat de

Tot i la importancia dels esdeveniments esmen-
tats, l'arguitectura geologica de ['llla de Mallorca tal
com la veiem ara, és el producte d'una evolucio com-

Tectonic and geological
framework

Mallorca is the most extended emerged sector of
the Balearic Promontory (Figure 5) which is a mostly
submarine relief extending from Cap de la Nau
{Alacant) to the NE of Menorca. This relief is aligned
from SW to NE and represents the extension of the
external and the northern internal Betic range towards
the NE.

The Balearic Promontory is 440 km long and is
limited by steep slopes which clearly separale il from
the adjacent deep seas: the Algerian basin in the East
and Southeast and the Catalan-Balearic basin in the
West and Northwest, which isolate the Balearic
Islands from Africa and Iberia respectively.

Mallorca is part of the folded and thrusted bell
resulting from the continental collision between the
African and the lberian plates. Such a collision took
place from the Upper Cretaceous (approx. 84 Ma) o
the Middle Miocene (15 Ma) and had an effect on the
Betics and the Balearics. It was caused by the
anticlockwise rotation of Africa and Arabia as a
response to the South Atlantic opening (OLIVET
et al., 1984; among others).

Figure &:
Deep structure outling from Mallorea Island (RAMOS-
GUERRERO et al., 19588).
A, B and C represent different hypothesis aboul the deep
struciure of Maltorca. In A and B, Randa and Serres de
Lievant are thrusting the Serra de Tramunfana. Only ong
latter thrust has been representad, and the back normal
faults are shown at their imtial position, In B, the lower
“duplex” of Serres de Llevant anly involves Triassic
raterials. C shows the results of the extensional faulls
B fram the Mesozoic, Afterwards, normal faults undergo,
again, a narmal mavemanl, so forming semigrabens
which are (illed with post-orogenic malerials.
Crosses pattern, crystalling basemen!; PH, pre-Hercinian
Paleozaic rocks with low metamorphic grade; dofted
pattarn, Parmian and Triassic; white, Mesozolc and
Cenozoic; ST, Sarra de Tramuntana; A, Randa:; SLL,
C Serres de Lievant,

les falles extensionals del Maesozoic. Més tard, les falles
narmals exparimentan un altre cop moviment normal,
formant samigrabens, reomplerts par matarials post-
orogénics.,

Trama de creus, basameni cristal:|i; PH, roques Paleo-
zolques pre-hercinianes de baix grau metamoric; frama
de punts, Parmic i Triasic; blanc, Mesozolc | Cenozoic.
ST, Serra do Tramuntana; A, Randa; SLL, Serres de
Llevant.

In spite of the relevance of the events mentioned
above, the present geological architecture of Mallorca
is the result of a complex evolution involving some
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plexa que enaloba etapes prévies a la col-lisio (me-
sozoiques basicament), I'estructuracid durant la
col-lisid continental i, linalment, els processos exten-
sionals neogens | quaternaris superposats a tols els
anteriors (Figura 6).

A Mallorca es diferencien tres grans unitats geo-
morfologiques i estructurals: la Serra de Tramuntana,
el Pla i les Serres de Llevant (Figura 1). La morfologia
actual de l'illa de Mallorca s'explica com el resultat, prin-
cipalment, del moviment normal, durant el Miocé mitja-
Quaternari, d'un conjunt de falles NE-SW que originen
la compartimentacié de I'illa en un conjunt de horsis i
grabensi que es corresponen respectivament amb les
sarres | planes de la present morfologia de l'illa. De to-
tes maneres, la delimitacid entre serres i planes no és
sempre clara; freqiientment es delimiten per fractures
d'edat terciaria, perd en d'altres casos els seus limits
corresponan a discordances angulars en les guals els
dipdsils terciaris | quaternaris fossilitzen estruciures
produides durant el Mesozoeic (falles normals) o el Ce-
nozoic inferior (basicament, encavalcaments).

LA SERRA DE TRAMUNTANA

Aliniada de NE a SW, amb una longitud d'uns 90
km i una amplada mitjana de 15 km, la Serra de Tra-
muntana constitueix la cadena muntanyosa més im-
portant de l'illa de Mallorca. La seva estruciura es ca-
racteritza per la preséncia d'un seguit de plecs, falles
i encavalcaments (Figura 7) que s'han ordenal tradi-
cionalment en tres grans unitats encavalcants (FA-
LLOT, 1922). Per bé que localment s'orienten també
M-S, totes aguestes estructures d'edatl oligoceno ter-
minal-miocana mitjana presenten, en general, una
orientacio predominant NE-SW.

periods (mainly Mesozoic ones) previous to the
collision, such as the structuration during the
cetinental collision and also the extensional
processes from the Neogen and Quaternary which
overimposed on the former (Figure 6}.

In Mallorca three great geomorphological and
sfructural units can be differentiated: Serra de
Tramuntana, El Pla and Serres de Llevant (Figure 7).
The present morphology of Mallorca can be explained
as mainly the resull of the normal movement, during
the Middle Miocene-Quaternary, of a series of NE-SW
faults which gave way to the set of horsis and grabens
corresponding respectively lo the ranges and plains
found at the present on the island. However, the
differentiation between ranges and plains is nol
always so clear: they are frequently limited by Tertiary
fractures but occasionally their limits are angular
discordances in which the deposits from the Tertiary
and Qualernary fossilize struclures produced during
the Mesozoic (normal faulls) or in the Lower Cenozoic
{mainly thrusts).

SERRA DE TRAMUNTANA

it is aligned in a NE-SW direction, being 90 km
fong and 15 km wide on average. The Serra de
Tramuntana is the most imporiant mountain range on
Mallorca. Its structure is characterized by a set of
folds, faulls and thrus! sheels (Figure 7) which have
been traditionally described as three big structural
units (FALLOT,1822). Although they are locally
oriented from N to S, all these terminal Oligocene-
Middle Miocene aged siructures are also
predominantly aligned from NE to SW.

I
=, AT A o o
! A s T, M r""
SIS RS e e L
: ‘ :'5 e 2 emindE 45y Rt
g "iL t ol L "’“*f-* “& W o
_"‘I_.--!{'""' f s "'F:?‘L»!_*_ -ralkfri:-’_j:--ﬁ\._ri‘;f_th, ||I".-‘mu:m
,:,_"' M ;fl’ Sarta Masia wﬂm— """!":: .". . &'i < £
PAL ol
Ias

=  Encavalcament / thrust

— Falla extensional / extensional fault
— Sinclinal / synclinal

+ Anticlinal f enticling
—-== Discordanga / unconformily

Figura 7. Mapa estructural de la Sarra de Tramuntana (GELA-
BERT et ai., 1982},
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Figure 7:  Structural map of Serra de Tramuntana {GELABERT et
al., 1992)



Dintre de les estructures contractives, les més
prominents i ben desenvolupades sdn els encavalca-
ments, els quals es presenten genaralment inclinats
cap al SE o subhoritzontals. A diferencia de la resla
de l'illa, aquests encavalcaments involucren, a mas
de la cobertora jurissico-miocena, materials del Tria-
sic inferior (Buntsandstein | Muschelkalk) i fins i tot de
la part superior del socol hercinia.

D'altra banda, el sistema d'encavalcaments mos-
tra, sobretot a les arees centrals i nord-orientals, una
clara disposicio imbricada cap al NW, amb el nivell de
desenganxament sitluat a les argiles del Keuper. A la
zona meridional, si bé aquesta disposicio es encara
la predominant, s'observen també en el sistema d'en-
cavalcaments imbricacions dirigides capa I'E i I'W.
Els sistemes imbricats s'agrupen en un conjunt de
grans unitats encavalcants que equivalen a les uni-
tats I, Il i Ill definides per FALLOT (1922), encara
valides,

La disposicio espacial de les rampes associades
als encavalcaments (dirigides principalment cap al
NW), l'orientacid dels plecs i la direccid NW-SE de les
falles direccionals desenvolupades sincronicament
amb els encavalcaments, indiguen que |a direccio de
transport de les unitats encavalcants de la Serra de
Tramuntana va ser cap al NW (FALLOT, 1922; PO-
MAR et a/,, 1983: GELABERT et al., 1992). Segons
aquesta direccio de transport, les estructures orien-
tades N-5, serien, tal com proposen ROCA &
VERGES (1989) rampes laterals.

Els diversos talls compensats realitzals perpen-
dicularment a la Serra de Tramuntana (Figura 8) mos-
tren que 'escurgament general pels encavalcaments
i plecs oligoceno terminals-miocens mitjans és d'un
55-56% (ALVARO, 1987; GELABERT et al., 1992),
que correspon a uns 20-21 km.

Among the compresional features the thrusts are
the most prominent and well-developed, appearing lo
be dipping towards the SE or subhorizontally.
Contrary to what occurs on the rest of the island,
these thrusts imply, apart from the Jurassic-Miocene
setting, some Lower Triassic materials (Bunt-
sandstein and Muschelkalk) and even traces of the
upper Hercinian basement.

Moreover, the thrusting system shows, mainly in
the centre and Northeast, a certain disposition
towards the NW with the decolement level located
within the Keuper clays. On the South, although such
a setting is still predominant, some alignments
tewards the E and the W within the thrust system can
also be observed. These systems are assembledin a
set of great structural units which are equivalent to the
still valid units |, Il and Ill of FALLOT {1822},

The spatial disposition of the ramps (mainly
oriented towards the NW) in relation to the thrust
sheets, as wall as the orientation of the folds and the
directional NW-SE faults which developed
synchronously with the thrustings, point out a NW
direction of transport of the structural units on Serra
de Tramuntana (FALLOT,1822; POMAR et al., 1983;
GELABERT et al., 1992). According to this transport
direction those structures oriented from N to § would
be lateral ramps, as suggested by ROCA and
VERGES (1989).

Several balanced cross-sections perpendicularly
to Serra de Tramuntana (Figure 8) show a general
shortening of 55-56% due lo terminal Oligocene-
Middle Miocene thrusts and folds (ALVARO, 1987;
GELABERT et al., 1992), which corresponds fo ca. 20-
21 km .

The most remarkable morphological aspect of
Serra de Tramuntana is the different relief between

Figura 8; Tall geoldgic de la part sud-occidental de la Serra de Tra-

muntana (GELABERT er al, 1992). Siluacid del 1al en ol
mapa de la Figura 5. A, B, C, D, E, Fi G corresponen &
lamines d'encavalcament gue s'han representat en la
seccid dolormada i indelormada.
Pz- Paleozoic; Th- Buntsandsiein; Tm- Muschelkalk; Thk-
Keuper; R- Retia; L- Jurassic inferior; D- Jurdssic mitjh;
M- Jurassic superior; K- Cretaci; Ol- Dligocé; M- Miocé in-
Teriar-mitja.

Figure 8:  Cross-section of the southwestern area of Serra de

Tramunfana (GELABERT el al., 1982}, Localion of the
cross-sechion on the map from Figure 5. A, B, C,D.E, F
and G corraspond fo thrust sheals which have been
represanted in both their deformed and thelr original
position.
Pz- Paleozolc; Th- Bunisandstein; Tm- Muschelkalk; Tk-
Keuper; A- Rhaeatian; L- Lower Jurassic; D- Middle
Jurassic; M- Upper Jurassic; K- Crelaceous; Ol-
Oiigocene; N- Middle-Lower Miocene.
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El caracter morfologic més destacable de la Se-
rra de Tramuntana és la diferéncia de relleu entre el
vessant mari | el sud-oriental. Aquesta diferéncia esta
condicionada per la disposicio estructural dels mate-
rials, inclinats cap al SE, i també par una major ma-
duresa en el modelat del relleu. Aixi, mentre el ves-
sant mari presenta un relleu juvenil, amb processos
erosius intensos i una inestabilitat gravitacional im-
portant, que es manifesta en freqients esllavissa-
ments, el vessant meridional presenta una morfola-
gia més arrodonida ja que la maduresa del relleu fou
adquirida ja durant el Meogen superior. El recent re-
coneixement i la datacid de diposits fossilifers, a dis-
tintes coves, proven que durani el Plioce gran part del
sistema carstic presentava condicions senils o ma-
dures,

La maduresa del sistema carstic al Pliocé fou
deguda en gran part al fet que el Paleocé i I'Eocé in-
ferior foren periodes caracteritzats per una amplia re-
gressid que culmina amb I'emersio i erosio de grans
arees de la plataforma mesozoica. D'aquesta mane-
ra, la cobertora margosa | margocalcaria Jurassico-
superior-Cretacica de les potents masses de calca-
ries del Lias, ja havia desaparegut abans de
produir-se I'arogénia oligo-miocena a Mallorca. Aixi
el modelatge carstic es va poder iniciar damunt de les
calcaries liasiques amb posterioritat immediata a l'ai-
xecament de la Serra de Tramuntana.

EL PLA

Comprén una ampla zona situada entre la Serra
de Tramuntana i les Serres de Llevant, dintre de la
qual es poden diferenciar diversos dominis geomor-
fologics (Figura 1): els plans de Palma, Inca, sa Po-
bla, Campos i Manacor, els suaus relleus centrals
emmarcats entre les poblacions de Sineu-Petra-
Porreres-Llucmajor, entre els quals destaca el mas-
sis de Randa, i la plataforma carbonatada miocena
del Migjorn, afectada de manera notable per feno-
mens carstics, | gue abarca des de 'extrem oriental
de la badia de Palma fins a la part central de la costa
oriental {(Porlocristo).

Les planes corresponen a depressions amb sub-
sidéncia activa durant el Neogen superior (a partir del
Serravalia) i Quaternari. Els seus limits véenen donats
per falles normals d'edat post-Langhia. Els relleus
centrals estan formats per materials del mesozoic |
del cenozoic inferior. A Randa (Figura 9) s'han defi-
nit dues unitats estructurals: la inferior, formada per
Mesozoic | Miocé inferior i mig, i la superior, formada
per diverses lamines encavalcants de materials pa-
ledgens (ANGLADA, 1985). La muntanya de Randa,
visible des de gran part del centre de Mallorca, forma
part de la unitat inferior i aflora en finestra lectonica.
L'estructura dels relleus centrals restants presenta
caracteristiques semblants a les descrites per a
I'area de Randa.
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the coastal (NW) and the SE slopes. Such a
distinction is conditioned by both the structural
disposition of the materials, all dipping SE, and by a
higher maturity of the relief modelling. Consequentily,
while the coastal slope presents juvenile relief,
undergoing intense erosive processes and having an
important gravilational instability which is revealed by
frequent rockslides, the southern slope shows a more
rounded morphology, as the relief had already
malured during the Upper Neogene. Recent
observations and datings on fossiliferous deposits
from diverse caves have demonsirated that during the
Pliocene most of the karstic system was senile ar
mature.

The malurity of the Pliocene karslic system was
mainly due to the wide regression characlerizing the
Paleocene and the Lower Eocene, which reached its
climax with the emersion and erosion of extensive
areas of the Mesozoic platform. Hence, the Upper
Jurassic-Cretaceous mar! and marly calcareous
covering present within the huge limestone
assembilages from the Lias had already disappeared
before the Oligo-Miocene orogeny took place in
Mallorca.

ELPLA

It comprises the extensive area between Serra
de Tramuntana and Serres de Llevani. Various
geomorphological domains can be distinguished
within, i.e. (Figure 1): the plain covering Palma, Inca,
Sa Pobla, Campos and Manacor; the smooth central
relief located between the villages of Sineu, Pelra,
Porreres and Liucmajor, where the most remarkable
orogenic feature is the Massis de Randa; and the
Miocene carbonate platform of the Migjorn, heavily
affected by karstic phenomena, and extending from
the eastern edge of Palma bay to the ceniral pari of
the eastern coast {Portocristo).

These plains correspond {o depressions which
underwent active subsidence during the Upper
Neogene (siarting in the Serravalian) and the
Quaternary. Their limits are normal faults of posi-
Langhian age. The ceniral reliefs consist of Mesozoic
and Lower Cenozoic materials. In Randa (Figure 8)
iwo structural units have been defined: the lower ones,
formed by the Mesozoic and the Lower and Middle
Miocene, and the upper one, composed by various
thrust sheets of Paleogene materials (ANGLADA,
1985). The mountain of Randa, which can be seen
from almost any point in the central part of Mallorca,
is part of the lower unit and it outcrops in a tectonic
window. The other central relief shows a structure
with similar characteristics to those described for
Randa.

The Miocene carbonate platform of the Migjorn is
a great tabular area. It is a set formed by the
progradation of the Reefal Unit {Upper Miocene), on



Figura 9:
Mapa estructural | tall geolbgic de la regic de Randa (AN-
GLADA, 1885),

Figure 9:
Structural map and cross-section of the Randa area
{ANGLADA, 1885).

La plataforma carbonatada miocena del Migjorn
correspon a una area tabular, Es tracta d'un conjunt
format per la progradacié de la Unitat Escullosa
(Miocé superior), damunt de la qual es situen diposits
també tabulars de les Calcaries de Santanyi ("Com-
plex Terminal”) i de les eclianites Plio-Quaternaries.
L'aixecament dels relleus de les Serres de Llevant |
de |la zona central, als gquals recobreixen de manera
discordant, va produir el seu limit actual terra endins,
mentre gue la morfologia de la costa respon, en bona
mesura, a les falles normals recents que els delimiten.

LES SERRES DE LLEVANT

La caracteristica més destacada de I'estructura
de les Serres de Llevant és |la preséncia d'encaval-
caments i plecs que presenten dues direccions orto-
gonals: NE-SW i NW-5E (DARDER, 1925; ESCAN-
DELL & COLOM, 1960; SABAT, 1986). Les relacions
d'aguestes estructures amb els dipdsits terciaris mos-
tren que tant les NE-SW com les NW-SE es formaren
durant un lapse de temps que abarca des de I'Oligocé
fins al Miocé mig (SABAT, 1986).

Segons SABAT (1986) I'estructura fonamental
consisteix en un sistema d'encavalcaments que defi-
neixen set unitats encavalcants imbricades (Figura
10}, de manera que les unitats superiors es situen
progressivament tant cap al SE com cap al SW. La re-
lacid entre I'estratificacid i les superficies d'encaval-
cament permet d'interpretar nombroses rampes i
plecs associats a elles. Aquestes estructures pre-
senten totes les orientacions descrites anteriorment |
les relacions geomeétriques entre elles, aixi com les
seves edals deduides a partir de criteris estratigra-
fics, mostren la seva sincronia. El conjunt de les di-
reccions estratigrafigues ascendents en les zones de
rampa varia des del NE fins al SW, passant pel NW,

Linkiat inferior E Terchari / Tertiary
Lovsoer wnit Mesazoic / Mesozsic

Unileat superior .
Upper anit [FA Paleagen / Palenpens

top of which there are also tabular deposits of
“Santany( Limestones" (Terminal Complex) and Plio-
Quaternary eolianites. The reliefs of Serres de
Lievant and the central area, to which the Terminal
Complex onlaps, produced their present inland limit
while the coastal morphology is mostly consfituted by
the recent narmal faults which delimit them.

SERRES DE LLEVANT

The most outstanding characteristic of Serres de
Llevant is the presence of thrusts and folds in lwo
orthogonal directions: NE-SW and NW-SE (DARDER,
1925: ESCANDELL & COLOM, 1960; SABAT, 1986).
The relationships between these sfructures and the
Tertiary deposits show that both the NE-SW and the
SW-NE were formed between the Oligocene and the
Middle Miocene (SABAT, 1986).

According to SABAT (1986), the main structure
consists of seven imbricated thrusting unils (Figure
10) so that the upper ones are progressively located
towards the SE as well as lowards the SW. The
relationship between unit boundaries and thrust
surfaces enables the interpretation of ramps and folds
associated with them. Such structures show every
direction described above and the geometrical links
among them as well as their ages (deduced from
stratigraphic criteria) are evidence of their synchrony.
In those zones where ramps are present, ascendent
stratigraphic directions span from NE to SW,
including NW.

Considering the synchrony of the thrusts and
folds in different directions and also the polarity of the
ramps, the thrust sheet assemblages and their
associated structures could be integrated into a
unigue system whose fransport direction would be
towards the NW. According to this model, NW-SE
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NW-SE

SW-NE

Figura 10: Esquema estructural i talls geologics de les Serres de
Llevant (SABAT, 1986).

Tenint en compte la sincronia dels encavalca-
ments i plecs de les distintes direccions i la polaritat
de les rampes, el conjunt d’encavalcaments i estruc-
tures associades poden integrar-se en un Unic siste-
ma, la direccio de transport del qual s cap al NW. En
aquest model, les rampes NW-SE observades, tant
amb polaritat cap al NE com cap al SW, corresponen
a rampes laterals o lleugerament obliglies, les quals
provoquen 'atasconament lateral de les unitats en-
cavalcants i eventualment la seva desaparicio.

La realitzacié de talls compensats (SABAT,
1986) ha permeés d'avaluar un escurgament d’uns 25
km, paral-lelament a la direccié de transport en la
transversal d'Arta. L’existéncia de rampes lleugera-
ment obliglies ha donat escurgaments aproximada-
ment perpendiculars a la direccioé de transport, que es
resolen en plecs concentrats al S de Manacor.

Els relleus de les Serres de Llevant presenten,
predominantment, pendents suaus i formes arrodo-
nides. Aquest fet ha de relacionar-se amb fases d’'e-
rosio que ja havien aconseguit la seva maduresa du-
rant el Neogen superior. Els relleus que presenten
major altitud estan formats per materials calcaris del
Lias, mentre gue les valls s’han desenvolupat bé so-
bre les argiles del Keuper o bé damunt dels materials
margocalcaris jurassics i cretacis.
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Figure 10: Structural outline and cross-seclions of Serres de Llevant
(SABAT, 1986).

ramps, with polarity both to the NE and to the SW,
would correspond to lateral or slightly oblique ramps
which might provoke the thrust units to lower laterally
and to eventually completely disappear.

Balanced cross-sections (SABAT, 1986) have
enabled to evaluate the shortening in about 25 km,
parallel to the transport direction in the Arta
transversal. The presence of slightly oblique ramps
has produced shortenings almost perpendicular to
the transport direction which have resulted in folds
concentrated in South of Manacor.

The relief of Serres de Llevant shows, pre-
dominantly smooth slopes and rounded forms. This
fact should be attributed to erosion phases which had
already reached maturity during the Upper Neogene.
The highest reliefs are of Liassic limestones, while the
valleys have well-developed on the Keuper clays or
the Jurassic and Cretaceous marly limestones.
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HIDROLOGIA CARSTICA DE MALLORCA
KARST HYDROLOGY OF MALLORCA

A.BARON', C. GONZALEZ' & A. RODRIGUEZ-PEREA?®?

Resum

Els agiifers carstics de Mallorca resulten d'importancia essencial per a 'abastiment
d'aigua de I'llla. Es poden distingir dos tipus d'aglifers carstics: els desenvolupats en ma-
terials dolomitics | calcaris del Jurassic inferior | els que es troben en els dipdsils tabulars
del Miocé superior. Els primers representen materials fortament aixecats i estructurals on
es presenta freqientment una doble permeabilitat, que registra una circulacio a traves de
grans cavitats ifo de petites fissures. Els aqlifers carstics del segon tipus s'estenen sobre
dipisils subhoritzontals, lleugerament aixecals | amb una intensa relacié amb les oscil-la-
clons del nivell de la mar.

Abstract

Karstic aquifers of Mallorca are of vital importance for the water supply of the island.
Two types have been dislinguished: the first ene corresponds to greatly structured and
folded dolomites and limestanes, early Jurassic in age, which usually develop a double
permeability characlerized by flows both through large karst conduits and through small
fissures. The second lype of karst aguifers develops in labular upper Miocene deposits

gently structured and uplifted, located in tha coastal zones in southern Mallorca.

Indroduccio

A Mallorca les rogues carbonatades representen
la majoria dels materials aflorants; fins | tot els dipo-
sits terrigens estan freqdentment constituits per frag-
ments de litologies calcaries. Aixi, les dolomies i les
calcaries formen bona part de la seqiéncia estra-
tigrafica des del Triasic mitja al Miocé mitja.

Les aiglies subterranies constitueixen la quasi
totalitat dels recursos hidrics de Mallorca i encara que
molts dels agiifers es troben en els rebiliments de les
conques lerciaries | quaternaries, bona part de les ai-
glies provenen d'aglifers carstics. Aixl doncs, I'estu-
di de la hidrologia subterrania es d'importancia capi-
tal per a la gestid dels recursos hidraulics de
Mallorca.

1 Seccid d'Estudis. Junta d’Aighes de Balears. Palma de Mallorca,
2 Departament de Ciéncies de la Terra. Universitat de les llles Ba-
lears. Gtra de Validemossa km 7,5, E-07071 Palma de Mallorca.

Introduction

Carbonate rocks are one of the best represented
lithologies outcropping in Mallorca. Limestones and
dolomites built up the Majorcan stratigraphy from
middle Triassic up to middle Miocene, moreover
many of the terrigenous sedimenis are also formed by
carbonate components. The island's water supply
comes mainly from the underground and, although
many of the water wells are located in the terrigenous
filling of the Tertiary basins, the karstic reservoirs of
the island are of essential importance.

Hydrology of karst terrains

Knowledge of karst hydrology has increased so
much in the last years that many of the mysteries and
legends dealing with karst and water in Mallorca,
which have lasted throughout decades, could be
explained nowadays in a scienfific way. The
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Hidrologia dels terrenys
carstics

El coneixement de la hidrologia carstica ha
avangat suficientment en els darrers anys, per esbo-
rrar amb explicacions cientifiques els misteris i les lle-
gendes que durant molts d'anys han envoltat el mon
de les aigles subterranies. El desenvolupament del
carst per la circulacio de I'aigua que s'infiltra dins les
roques carbonatades és ben conegut i depén de
molts de factors (Figures 11 2) entre els que desta-
quen la disposicio estructural, la topografia, el clima,
I'estratigrafia i la hidrologia (LA MOREAUX & PO-
WELL, 18963).

development of karst as well as water circulation and
storage in carbonate rocks are related to structure,
topography, climate, stratigraphy and hydrageology
as well as other factors (LA MOREAUX & POWELL,
1963) (Figures 1 and 2).

The structural setting defines both the volume of
rock capable of being karstified as well as their spatial
arrangement. The first parameter is not independent
from the second and both have fo be correlated with
the other factors; neither of them is totally
independent from the others. In fact, carbonate rocks
have to be removed from their depositional setting
—where they cannot be dissolved effectively— to a
new emplacement where enough water rich in carbon
dioxide is available to get through the carbonate unil.

Infiltrncid a ravés del sol
Tafiltration throwgh the soil

'

stificades Flux sublerrani Conductes cirstics actius
ﬁﬁ;ﬁm Undergronnd flow E Active karstic conduits
Roques permeables Surgincia perminent l’:_;|_,.. Nivell impermeable dins el carst
Porous sediments [El Karstic permanent spring — | Impermeabie layer inside karstic rocks
— Roqgues impermeables Surgéncia intermitent - Nivell de la mar
!E Impermeable sediments [E Karstic intermittent spring [:I Sea-level

Infiliracit sobee carst nu
Infiltration in bare kivsiic rocks

Figura 1: Diagrama esquemalic de |z infiltracid i de la circulacio
subterrania en les Arees carstiques. Modilical de
BABUSHEKIM e al. (1975).

La disposicid estructural defineix tant el volum de
roca disponible per ésser carstificat com la seva dis-
posicio espacial. El primer parametre no és indepen-
dent del segon, i al seu torn, tots dos estan interrela-
cionats amb molts altres factors; cap d'ells és
absolutament independent. De fet, per a ser carstifi-
cades, les roques calcaries han de ser desplagades
del seu lloc de deposicioc —a on no poden ser dis-
soltes de forma efectiva— i situades en un nou em-
plagament, a on es disposi de suficient aigua enriqui-
da en didxid de carboni per circular al seu través.

D'acord amb LE GRAND & LA MOREAUX
(1975), es poden distingir tres categories d'aguifers
en relacio a la seva disposicid estructural: a) aqlifers
amb aixecament estructural suau o baixada del nivell
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Figurai: Schemalic diagram of inliltration and groundwaler
circwlations in karsiic areas. Modified from BABUSHKIN
et al. (1875).

According to LE GRAND & LA MOREAUX
(1975), there are three main categories of rising the
carbonate rock from their depositional setting: a)
gently structural uplifting or lowering of sea level; b)
great structural uplifting; ¢) arching and erosion of the
clastic cover. As we will describe later, the first and
the second case applied quite accurately to some of
the hydrofogic units of Mallorea. The degree of karst
activity is related to the importance of the uplift; it
provides the potential energy that the water needs o
move through the rock.

The dissolving potential of the carbonates
correlates, among other factors, with the total amount
of water that flows through the rock unit; thus, the
uplift results in an increase of the water circulation



mari; b} agiifers amb un gran aixecament estruciu-
ral; i ¢) aquifers per abombament | erosio de la seva
cobertura. El grau d'activital carstica és proporcional,
entre d'altres, a I'aixecament que hagin sofert les ro-
ques carbonatades, ja que aguest aixecamenl pro-
porciona la diferéncia de nivell hidraulic —energia
potencial— necessaria per desenvolupar el carst. Tal
i com descriurem més endavant, els aqiifers mallor-
quins s'adapten molt bé a les dues primeres categories.

D'igual forma, la potencialitat de dissolucio dels
carbonats depén, entre altres factors, de la quantitat
d'aigua que circula a través de la unitat carbonatada;
aixi, I'aixecament estructural provoca un increment
de la circulacio d'aigies que inicia o augmenta la dis-
solucid dels carbonats.

La topografia és un altre dels factors el qual,
igual que la disposicio estructural, condiciona tant les
zones de recérrega de les unitats carbonatades, com
les arees de descarrega. El potencial hidraulic depén
de fet, de la relacid entre la topografia i la disposicid
estructural. L'encaixament de la xarxa fluvial propor-
ciona el nivell de base de la descarrega als talvegs
principals; no obstant, és prou freqlent que hi hagi
una certa circulacid i dissolucio per davall dels colec-
tors principals.

Mo existeix una relacid simple entre I'extensié
dels afloraments carbonatats i el desenvolupament
dels sistemes carstics (Figura 1). Possiblement exis-
teixen altres factors determinants, entre els que el
factor temps resulta d'importancia capital.

La permeabilitat és tambe un factor que determi-
na el régim hidraulic dels aqiifers carstics. El seu de-
senvolupament depén, entre altres parametres, de la
solubilitat de |a roca, de |a precipitacid, la preséncia
d'acid carbbnic (molt influenciada per I'existéncia de
cobertura edafica i per la vegetacio), la porositat i la
carrega hidraulica. Els afloraments de rogues carbo-
natades nues, sense cap tipus de cobertura, tendei-
xen a ser més resistents que els coberts pel sol, tant
a l'erosio fisica com a la quimica.

Les morfologies carstiques no sols registren
I'evolucio del sistema carstic, si no gue també reflec-
teixen la seva permeabilitat i els elements més dina-
mics de I'agdifer carstic. Les cavitals carsligues ten-
deixen a desenvolupar-se aiglies amunt tot i
gixamplant-se, amb lo qual poden ser caplurals els
canals més petits de les zones altes del sistema. Les
dolines, uvales o altres formes carstigues semblants
reflecteixen un descens de la superficie topografica
que desplaga avall el nivell freatic incrementant aixi
la permeabilitat. Els diversos estadis a través dels
que es desenvolupa un sistema carstic influencien
molt clarament I'evolucid de |a permeabilitat. Les ca-
vitats carstiques es formen en relacié amb el nivell
freatic local, perd al descendir aguest queden des-
plagades a la zona vadosa.

La preséncia de nivells edafics i/o recobrimenis
sedimentaris poc solubles damunt les unitats carbo-
natades, augmenta de forma important el desenvolu-

and as a consequence it staris or increases karst
activity.

Topography, as well as structural setting, defines
both the recharge and discharge areas of the
carbonate units. Hydraulic head is also dependent on
fopography as much as on the structural setling. The
stream incision provides excellent discharge
opportunities in the river valleys although some
circufation and solution would take place well below
the level of the major streams.

There is nol a simple relationship between the
extent of the carbonate oulcrops and the
development of the karst system (Figure 1). Other
factors Ilike time will surely influence this
development.

Permeability is also a factor that defines the
hydraulic regime of karstic aquifers. Its development
is a function of the rock solubility, precipitation,
presence of carbonic acid (highly conditioned by the
presence of soil cover and vegetation), rock porosity
and hydraulic head. Bare carbonate rocks tend to be
maore resistant to physical and chemical erosion than
soil-covered carbonates do,

Karstic morphologies not onfy record the karst
history, they also reflect the permeabifity evolution of
the karst system and the dynamic features of the kars!
aquifer. Karst cavities will develop in an upstream
direction as they enlarge, leading to piracy on small
solution channels. Morphologies like dolines and uvalas
record a lowering of the upland topography, which place
the water-table well below the land surface and
increase the permeability. Stages in the development
of karst are closely related to the development of
permeability. Karstic subhorizontal caves form mainly
at the phreatic level, but they will be placed in the
vadose zone as the local water-table is lowered.

The presence of soil and/or a less soluble
sedimentary cover on top of the carbonate units
greatly increases the development of dolines or other
subsuperficial karst features. They reduce the water
run-off and increase both the vertical percolation and
the waler corrosion potential,

The relationship between recharge and
discharge zones conforms a pattern which defines the
setting and extent of the solution channels. When
discharge takes place along a straight line, lateral
channels tend to be parallel to each other and at a
right angle to the line of discharge. Coastal
discharges are dominated by the influence of sea-
level changes. Lower Pleistocene base levels
determine the presence of large caves nowadays
flooded by sea water.

Water-tables are quite complex in karslic zones,
As the carbonate rocks are almost impermeable, local
water-tables will show a disconlinuous pattern.
Perched water-tables are also frequently present in
karstic units; they record the fragmentation of karst
aquifers. Variation in the recharge would also
produce very rapid changes of the water-table.
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pament de dolines o altres morfologies carstiques
subsuperficials. Aguest fet s'explica perqué aguests
recobriments disminueixen I'escorrentia superficial i
incrementen la percolacid vertical, augmentant el po-
tencial corrosiu de l'aigua.

Els models de la distribucid i de I'extensio dels
canals de dissolucid responen a la relacid entre les
zones de recarrega | de descarrega. Quan la desca-
rrega té lloc al llarg d'una linia més o menys recta, els
canals de dissolucid laterals tendeixen a distribuir-se
paral-lelament entre si i perpendiculars a la linia de
descarrega. Les descarregues que tenen lloc a la zo-
na costanera sén plenament controlades per la in-
flugncia dels canvis en el nivell de la mar; aixi, els ni-
vells de base del Pleistocé inferior determinen la
preséncia de grans cavitats que es troben avui en dia
inundades per 'aigua marina, en trobar-se &l nivell de
la mar actual clarament per damunt d'aguells nivells
pleistocénics.

La disposicicé dels nivells freatics dels sistemes
carstics és bastant complexa. Degut a que les roqgues
carbonatades son practicament impermeables, els ni-
vells freatics locals poden presentar-se de forma dis-
continua; amb freqléncia existeixen nivells freatics
penjats que reflecteixen la fragmentacio dels aglifers
carstics. Endemeés, les variacions en les recarreges
dels aquifers carstics poden produir canvis rapids
dels nivells freatics. Els canvis estacionals modifi-
quen tambe les piezomelries i poden arribar a modi-
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Seasonal variations change piezometries that would
even affect the flow direction. Analysis of the water-
table fluctuation would indicate the degree of
variations of the karst permeability.

Another of the main parameters dealing with the
study of karstic circulation is the streamflow analysis.
Run-off waters are closely influenced by the
permeability variations of karst terrains. Malure karst
areas show very high permeable surface landforms
which lead to place water-table well below the
topographic surface; in this situation run-off and
siream density tend to be very low. The main streams
of these areas are mainly fed by karstic waters and
they could flow higher than their water-tables. Peak-
flows produced in zones with a well developed karst
are usually lower than those taken place in non
karstic areas; the rain-water infiltrates in great
percentages and it runs slower than on the surface,
thus, it takes mare time to reach the main stream,
smoothing the discharge. Moreover, waters from the
major frunk stream might flow to faleral caves
diminishing their flux.

The high permeability that characterizes most of
the karstic zones also reduces the spring density.
Most of the underground streams end down as big
springs al the level of the major stream. In turn, major
streams will act both as a discharge of the karstic
network and as a recharge of the water-table when it
is depressed below the stream-level. Streamflow



ficar fins i tot la direccid del flux. En aguest sentit,
I'analisi de les fluctuacions del nivell freatic ens pot
indicar el grau de variacio de la permeabilitat del sis-
terma carstic,

Un altre dels parametres importants per a I'estu-
di de la circulacio dins els sistemes carstics és l'ana-
lisi dels fluxos superficials. Les aighes d'escorrentia
superficial estan fortament influenciades per les va-
riacions en la permeabilitat dels terrenys carstics pels
que circulen. Els sistemes carstics que han adquirit
una certa maduresa presenten superficies d'una alta
permeabilitat, |la qual cosa fa gque els diversas nivells
freatics es trobin forga enfonsals en relacid a la su-
perficie topografica; en aquesta situacio I'escorrentia
superficial | la densitat d'afluents acostumen a ser
molt baixes. Els corrents principals d'aguestes zones
es nodreixen fonamentaiment d'aigles procedents
del sistema carstic | poden situar-se bastant per da-
munt dels seus nivells freatics. Els cabals-punta que
es produeixen en aquestes arees solen estar per da-
vall dels que tenen lloc a les zones equivalents que
no presenten caracteristiques carstiques. Aixo és ai-
xi degut a que I'escorrentia superficial s'infiltra rapi-
dament i en percentatges molt elevats, | després
flugix mes lentament en relacid a com circularia en
superficie, per dins del carst; per tant, en emprar mes
temps en el seu recorregut, suavitza la punta de
descarrega. Més encara, les aiglies de la descarrega
del col-lector principal poden derivar-se vers cavitats
laterals disminuint el flux dels cabals de la revinguda.

L'elevada permeabilitat que caracteritza la major
part de les zones carstiques tambeé té com efecle el
reduir la densitat d'afluents. Molts dels cursos subte-
rranis acaben en forma de grans surgéncies situades
a nivell del col-lector principal. D'aguesta forma,
aquests col-lectors actuen tant com una zona de
descarrega per al sistema carstic, com recarregant el
mateix sistema quan el nivell freatic es troba per da-
vall del nivell del col-lector. En aguest darrer cas, el
cabal en superficie disminueix com a conseqiéncia
de la infiltracié, mentre que en el primer supdsit aug-
menta per efecle de les aportacions d'aigles provi-
nents del sistema carstic. Els canvis en el flux ten-
deixen a correlacions positives amb els contactes
litolbgics entre els terrenys carstics i els que no ho son.

De totes maneres, no sols els cabals augmentan
o disminueixen en relacio al tipus de circulacio cars-
tica i a la seva extensio, també ho fan les conques de
drenatge superficial. D'altra banda, les modificacions,
tant artificials com naturals, dels sistemes de drenat-
ge, tant superficials com subterranis, afecten al seu
torn al desenvolupament del sistema carstic.

Unitats hidrologiques
carstiques de Mallorca

Els caracters fisiografics, climatics, litologics i es-
tructurals de Mallorca defineixen almenys tres unitats

would then decrease as a consequence of infiltration
or increase by the output of the karst circulation;
streamflow changes tend to correlate with rock
boundaries between karst and non karst terrains.

Nevertheless, as well as the streamflow,
catchment areas of the surface sireams would be
enlarged or reduced by their relationship with the
extension and the pattern of karst circulation. On the
contrary, artificial or natural modifications of the
surface or underground drainage system would affect
the development of karstic environment,

Karst hydrologic units
of Mallorca

Lithology and topography of Mallorca define at
least three main karstic hydrologic units. Two of them
—&Serra de Tramuniana and Serres de Llevant— are
characterized by a relatively high relief and faulted
and folded Mesozoic limestones. The third unit —Les
Marines— corresponds lo raised coastal plains of
Tertiary carbonates. The recharge of Mesozoic
carbonates comes mainly from rainfalls, that reach up
te 1,200 mm per year in the central part of Serra de
Tramuntana; the discharge of these units goes both
fo the sea and lo the detritical basins of the island, as
well to Les Marines units. In turn, Les Marines units
recharge from Serres de Llevant and from
precipitation, while their discharge lakes place to
the sea.

Those units are entrenched by ephemeral
streams which could reach very high peak-flows from
fime to time. Some of the main streams show a karstic
development and could be called canyons. Autumn
rain storms are mainly responsible for these extreme
rainfalls attaining more than 200 litres per hour; they
lead to peak-flows up to 1,500 cubic metres per
second, even though drainage basins are usually
small, reaching only some tens of square kilometres
(GRIMALT & RODRIGUEZ-PEREA, 1990).

Serra de Tramuntana units

Serra de Tramuntana is a mountain range,
running from SW o NE, that builds the NW side of
Mallorca. It is 90 km leng and 15 km wide and its
peaks rise o 1,445 min the central part of the range.
The drainage pattern of the Serra shows subsequent
streams running onto the thrust edges and the
syncline structures and converging to antecedent
canyons, that end towards the sea on the NW side of
the range, and to the central plains of Mallorca, on the
SE side.

Carbonatle rocks form most of the stratigraphy of
Serra de Tramuntana. Dolomites build up the middle
Triassic and the lowermost Jurassic, and limestones
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hidrolégiques de tipus carstic. Dues d'elles —la Se-
rra de Tramuntana i les Serres de Llevant— es ca-
racteritzen per un relleu relativament enérgic i una es-
tructura geologica dominada per lamines
encavalcants formades principalment per carbonats
mesozoics. La tercera unitat —les Marines— co-
rrespon a plataformes tabulars, subhoritzontals i ai-
xecades, formades per calcaries i calcarenites ter-
ciaries i quaternaries. La recarrega dels carbonats
mesozoics es produeix principalment per la infiltracio
de 'aigua de pluja (les precipitacions arriben als
1.200 mm per any en la part central de la Serra de
Tramuntana); la descarrega d’aquestes unitats es
produeix vers la linia de costa o vers les unitats vei-
nes (les unitats de les Marines i les conques detriti-
ques). En les unitats de les Marines la recarrega es
produeix per aportacions dels fluxos que provenen de
les Serres de Llevant i per infiltracio de la pluja, men-
tre que les descarreges es produeixen a la mar.

Totes aguestes unitats es troben solcades per to-
rrents en els que periodicament es produeixen revin-
gudes amb cabals punta forca elevats. Alguns
d'aquests torrents mostren caracters carstics que
permeten considerar-los com a canyons. Les tem-
pestes, que tenen lloc principalment a la tardor, sén
les causants de les principals revingudes ja que arri-
ben a intensitats horaries superiors als 200 litres. En
aquestes circumstancies es poden produir puntes de
revingudes superiors als 1.500 m3/s (GRIMALT &
RODRIGUEZ-PEREA, 1990), fins i tot a conques re-
lativament petites d’'unes poques desenes de quilo-
metres quadrats.

Unitats de la Serra
de Tramuntana

La Serra de Tramuntana és la serralada que
orientada de SW a NE conforma el costat nord-occi-
dental de Mallorca. Assoleix uns 90 km de longitud, la
seva amplaria mitjana és d'uns 15 km i arriba a ele-
vacions de 1.445 m a la seva part central. La xarxa de
drenatge de |la Serra de Tramuntana presenta cursos
conseqlents, els quals segueixen les estructures ple-
gades i les traces dels encavalcaments fins a con-
vergir en torrents antecedents que desaiglien a la
mar, en els vessants NW, i a les conques centrals de
Mallorca en els vessants del SE.

Les litologies predominants a la Serra de Tra-
muntana sén carbonatades. Les dolomies hi sén pre-
sents al Triasic mitja i la part més baixa del Jurassic,
mentre que les calcaries formen bona part del Lias i
parts dels diposits del Dogger, del Malm i del Creta-
cic; I'Eoce i el Miocé també estan representats amb
alguns nivells carbonatats, mentre que I'Oligocé és
margos i conglomeratic. No obstant, els aqtifers
carstics de la Serra de Tramuntana es desenvolupen
majoritariament sobre les calcaries liasiques; aquests
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form the Liassic and some of the Dogger and Malm
deposits; Eocene and Miocene rocks are also
represented, as well as the Oligocene con-
glomerates. In spite of that, lower Jurassic limestones
build up most of the karst aquifers of Serra de
Tramuntana; they reach more than 300 m in thickness
and build most of the thrust sheets and folds of this
mountain range. Many of these structures dip towards
the SE and, as a consequence, the water circulation
and discharges mainly take this direction. Impervious
layers are formed by shales, marls and gypsum, late
Triassic in age.

The complexity of the structure, that
compartmentalizes the carbonate units in small
pieces, results in a broad number of karstic hydrologic
units. Some of them are too small for water
exploitation purposes, others are very complex; so,
few of them —Na Burguesa, fonts de la Vila i de na
Pere, S'Estremera, fonts de Soller, Sa Costera, Ses
Ufanes de Gabelli and S’Almadrava— have been
described nowadays (BARON & GONZALEZ, 1987)
(Figure 3).

Na Burguesa unit is situated in the SW of Serra de
Tramuntana, close to the city of Palma. Its area of
recharge extends along 40 km 2 and corresponds to
the SE limb of an asymmetrical anticline formed by
limestones and dolomites early Jurassic in age.
Infiltration has been estimated between 25 to 30 % of
the rainfall (480 mm/year) which indicates an average
of 5.5 hm3/year. The discharge of this unit takes place
towards the Palma quaternary basin and to the sea,
but, from the seventies, the heavy pumping for
Palma’'s water supply brought the aquifer to a
progressive saline intrusion. A conspicuous karst
system outcrops on the SE side of the unit; it shows
very large cavities, some of them placed in a rubbly
dolomitic breccia very poorly cemented.
Transmissivity tests show figures of 1,000 m?2/day.

Fonts de la Vila i de na Pere unit is located on the
Southeast side of Serra de Tramuntana, northwards
of Palma. It is formed by limestones and dolomites
from middle Triassic to lower Jurassic, placed in a
complex structural setting that could be considered,
in a broad sense, as an anticlinorium bordered by
faults. The recharge of this unit comes mainly from
the precipitation over 30 kmZ of carbonatic outcrops.
According to the discharge data, the circulation of
water through the unit is not simple. Discharge takes
place by two big fault springs, one of them —~Fontde
la Vila— is being used for Palma's supply and the
other —Font de na Pere— is still used for irrigation.
Figures from the outflow of Font de la Vila spring
suggest the presence of a double permeability, one
coming from a well-developed karst system of great
permeability and another, less permeable, located
below the first one. Discharge from the first system
only correlates with the highest rain events, whereas



dipésits presenten poténcies proximes als 300 m i
s'estructuren en diversos plecs i en lamines encaval-
cants. El cabussament principal de les esltructures és
vaers el SE i, com a consequencia, la circulacio sub-
terrania i les principals descarregues es produegixen
en aguesta direccio. Els nivells impermeables estan
formats per les argiles, margues i guixos del Triasic
superior.

La complexitat estructural de la Serra comparti-
menta les unitats carbonatades en peces mes petites,
de les que resulten un gran nombre de subunitats hi-
drolbgiques de caracteristiques carstiques. Algunes
d'elles s6n massa petites per a una explotacio hidri-
ca de consideracid, d'altres son extremadament com-
plexes i no han estat estudiades fins ara; no obstant,
algunes son prou conegudes i representen una part
molt important dels recursos hidraulics de Mallorca.
Entre elles descriurem les de na Burguesa, les fonis
de fa Vila i de na Pere, 5'Estremera, les fonis de So-
ller, sa Costera, ses Ufanes de Gabelli i s'Almadra-
va, seguinta BARON & GONZALEZ (1987} (Figura 3).

the second system presents a more continuous but
less important circulation. A continuous pumping of
water from wells close to Font de la Vila has
depressed the water-table and reduced its discharge
to a minimum.

S'Estremera unit is located on the southern side of
the ceniral part of Serra de Tramuntana. It is one of
the most important aquifers for the supply of water for
the city of Palma, and has been heavily pumped since
1974. The geologic structure of this unit is quite
complex: it could be described as two thrust sheets
facing the NW and slightly tilted towards the SE; the
lower thrust sheet is built up by dolomites and
limestones early Jurassic in age, whereas the upper
one is formed by marly limestones, dofomites and
limestones from the upper Triassic to the Liassic. The
overlapping of the thrust sheets occurs in the
southern part of the unit and is marked by the outcrop
of shales and marls with gypsum, late Triassic in age.
Thus, the hydrology of the unit does not correspond

NA BURGUESA
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~
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Figura 3: Unitats hidroldgiques carstiques de la Sarra de Tramwn-
tana, segons BARON & GONZALEZ (1987). Vegeu la Fi-
gura & per a la situacid d'aquesta Area geogralica,

La unitat de na Burguesa es localitza al SW de la
Serra de Tramuntana, en les proximitats de la ciutat
de Palma. La seva area de recarrega s'esten al llarg

Figure 3: Karstic hydrologic units of Serra de Tramuntana, after
BARCON & GONZALEZ (1975). See Figure 6 for location.

to a single aquifer: the water-table of the lower thrust
sheet is located up to 300 m higher than the one of the
upper thrust sheet. Moreover, fransmissivity of the
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d'uns 40 km?2, i ocupa el flanc SE d'un anticlinal
asimetric format per calcaries i dolomies del Jurassic
inferior. La infiltracid s’estima entre un 25 i un 30 %
de la pluja (480 mm/any) el que significa un total
d'uns 5,5 hm?/any. La descarrega tenia lloc vers la
conca de Palma i a la mar; no obstant, I'intens bom-
beig a que ha estat sotmés aquest aqiifer per a
I'abastiment de Palma des dels anys setanta, ha pro-
duit una salinitzacio progressiva de la unitat. A I'ex-
trem NE d’aquesta unitat, el sistema carstic de na
Burguesa es presenta per mitja de cavitats obertes a
la superficie i excavades en bretxes dolomitiques
sense matriu i poc cimentades. Les proves de trans-
missivitat donen valors forgca elevats proxims als
1.000 m?/dia.

La unitat de les fonts de la Vila i de na Pere se si-
tua al sud-est de la Serra de Tramuntana, al nord de
la ciutat de Palma. Esta constituida per calcaries i do-
lomies del Triasic mitja i del Lias inferior. Estructural-
ment constitueixen una estructura complexa, que a
grans trets conforma un monoclinal cabussant al SE
i limitat per fractures. La recarrega es produeix prin-
cipalment per infiltracié de la pluja sobre uns 30 km?
d’'afloraments carbonatats. Les dades de la desca-
rrega tradueixen un funcionament hidraulic relativa-
ment complex: en efecte, la descarrega es produeix
a través de dues surgencies carstiques relacionades
amb les fractures que limiten la unitat. La primera
—Ila Font de la Vila— es ve utilitzant per a I'abasti-
ment de Palma, mentre que la segona —la Font de na
Pere— s'utilitza per al reguiu. Els registres de les
sortides de la Font de la Vila suggereixen la presén-
cia d'una doble permeabilitat en la unitat; aquest fet
podria explicar-se per I'existéncia d’'un aqgtifer doble:
un superior, en el que se situaria un sistema carstic
ben desenvolupat, i un altre, inferior, molt menys per-
meable. La descarrega del nivell superior es correla-
cionable amb els episodis de pluja més intensos,
mentre que la del nivell inferior donaria lloc a una cir-
culacié menys important, perd més continua. El bom-
beig continuat de la Font de la Vila ha provocat un
descens molt important del seu nivell piezométric que
redueix les seves descarregues al minim.

La unitat de s’Estremera esta situada en el vessant
meridional de la part central de la Serra de Tramun-
tana. S'Estremera és un dels aqlifers meés importants
per al'abastiment de Palma de Mallorca, i ha estat in-
tensament explotat des de 1974. La seva estructura
geologica és forga complicada i pot ser descrita com
formada per dues lamines encavalcants al NW i lleu-
gerament basculades vers el SE; la lamina encaval-
cant inferior esta formada per dolomies i calcaries lia-
siques, mentre que la superior presenta dolomies,
calcaries i margocalcaries d'edats que van del Tria-
sic superior al Cretacic. Les argiles i les margues amb
guixos del Triasic superior assenyalen, en la part sud
de la unitat, la superposicié de les dues lamines. Ai-
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upper thrust sheet aquifer is exceptionally high
(50,000 m2/day). Some perched aquifers also exist.
The recharge of the unit comes from the infiltration of
the rainfall (27 %) over 44 kmZ2 of carbonatic outcrops,
whereas the discharge takes place by karstic springs
(about 10 %) and by pumping for Palma's supply.
Before the seventies some underground discharges
are supposed to have taken place towards the Palma
basin through a fault boundary; nowadays, the
continuous pumping keeps the water-table well below
this boundary and the discharge does not occur any
more.

Fonts de Sdller unit is located in the central part of
Serra de Tramuntana, northwards of S’Estremera
unit. Its extension reaches 46 km 2 of permeable
carbonate outcrops. It is formed by dolomites and
limestones from the upper Triassic to the Cretaceous;
they conform a complex structure described as a
hangingwall anticlinal and synclinal set. Although
some perched aquifers exist, this unit could be
considered as a single aquifer; recharge takes place
through rainfall infiltration (25 %) and discharge by
several karstic springs.

Sa Costera unit is located on the northern side of the
central part of Serra de Tramuntana, North of Sdller.
Although their limits are not known precisely, itis
defined by a big karstic spring (Font des Verger) that
has a very rapid response to the rainfall (more than
1,000 mm/year). Its outflow varies from 10 I/s up to
1,100 I/s in terms of hours. The catchment area of this
unit shows one of the most spectacular karstic
sceneries of Mallorca: karren fields are widely
represented in the landscape, as well as a
conspicuous joint system, dolines, pits, other karst
depressions and canyons. Karstic circulation is not
clearly understood, but according to the spring
outflow regime and the almost absence of surface
run-off, infiltration has to be extremely high (more
than 50 % of the precipitation). Actually, the karst
network almost replaces the surface drainage and the
spring discharge has the same behaviour as a
surface stream. The permanence of some outflow for
long periods records the presence of a double
permeability in the karstic system: large conduits
collect the main circulation of the karstic network,
whereas small fissures are responsible for the
permanence of a residual discharge

Ses Ufanes de Gabelli unit is located on the
southern side of Serra de Tramuntana, north-
eastwards of S’Estremera. lis structure corresponds
to a folded and faulted thrust sheet facing NW.
Dolomites, dolomitic breccias and limestones from
uppermost Triassic to lower Jurassic form the
pervious lithologies of this unit. The recharge of this
unit comes from the rainfall infiltration (up to 37 % of a
precipitation close to 1,000 mm/year) on 43 km 2 of



xi, la hidrologia de s'Estremera no correspon a la d'un
unic aguifer: el nivell freatic de la [amina inferior es
troba uns 300 m per damunt del de la lamina superior.
Endemés, la transmissivitat de 'aglifer superior és
excepcionalment alta (50.000 m2/dia) i existeixen di-
versos aqiifers penjats. La recarrega de |a unitat es
produeix a traves de la infiltracio (24%) de la precipi-
tacio que té lloc sobre uns 44 km? d'afloraments car-
bonalats. La descarrega es produeix per algunes
surgéncies (un 10%) | sobretot per un elevat bom-
beig. Amb anterioritat als anys setanta —quan en-
cara no s'havia iniciat el bombeig intensiu— una part
imporiant de la descarrega es produia vers la conca
de Palma a través d'un contacte tectonic; en I'actua-
litat el nivell freatic es troba permanentment per da-
vall d'aquest umbral i ja no hi ha lloc per aquesta
descarrega subterrania,

La unitat de les fonts de Saéller esta localitzada en
el vessan! septentrional de |a part central de la Serra
de Tramuntana, al nord de s'Estremera. L'extensio
dels afloraments carbonatats, on es produeix la seva
recarrega, arriba a uns 46 km2. Esta formada per
calcaries | dolomies del Triasic superior al Cretacic,
que conformen un conjunt anticlinal-sinclinal de bloc
superior. La unitat és considerada com un aquifer
unic, malgrat I'existéncia d'alguns aqiifers penjats; la
recarrega es produeix per infiltracic (25%) de la plu-
jailes descarreges tenen lloc per diverses surgencies.

La unitat de sa Costera es lroba situada al vessant
nord de la part central de la Serra de Tramuntana, al
nord de Soller. Encara que els seus limits no han es-
tat clarament definits, pren el seu nom del paratge (sa
Costera) on es localitza la Font des Verger, una
surgéncia carslica situada practicament al nivell de la
mar i en una zona d'una gran pluviositat (mes de
1.000 mm/any). La descarrega de la Font des Verger
es caracleritza per la rapida resposta a la precipita-
cié, amb variacions de cabal des de 10 /s a 1.100 I/s
en malt pogques hores. La zona de recarrega de la uni-
tat de sa Costera mostra un dels paisatges carstics
més espectaculars de Mallorca: els camps de reliar
son omnipresents arreu, juntament amb un sistema
de diaclasis, avencs, dolines i alguns espectaculars
canyons carstics. La circulacio de la unitat de sa Cos-
lera no és gaire coneguda, pero les dades de la
descarrega de la font i la practica abséncia d'esco-
rrentia superficial suggereixen una infiltracié extre-
madament elevada (mes del 50 % de la precipitacia).
En realitat, el sistema carstic substitueix el drenatge
superficial i la surgéncia presenta un comportament
similar al d'un curs superficial. La permanéncia d'un
cert cabal durant llargs periodes reflecteix la presén-
cia d'una doble porositat en el sisiema carstic: els
conductes majors recullen la circulacid principal,
mentre que les fissures meés peliles son les respon-
sables de I'existéncia d'una descarrega residual.

permeable oulcrops and the discharge is made
through several karstic springs. One of them, Ses
Ufanes that could be described as an overflow-spring,
is responsible for most of the discharge (79 %) with
maximum values of 20-30 m3/second. An underground
discharge also exists, but the way it is made is not
well understood yet. The lower carbonales of the umit
show karst features filled with clays which lead lo a
low permeability. On the other hand, the upper parts
of the unit have a large quantily of karst voids with a
very high permeability that extends io tens of metres
below the surface. This high permeabilily together
with a small storage coefficient could explain the very
fast response of Ses Ufanes spring to the rainfall
{Figure 4); actually, there is nol so much difference
between the response from the surface waters and

the discharge of this spring.
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Figura 4:  Variacions plezomaétrigues a la unitat de ses Ulanes.

Figure 4:  Piezomelrie varialions in Ses Ulanaes umit,

S'Almadrava unit is located at the NE end of Serra
de Tramuntana. It is built up by two thrust sheets
facing the NW; their internal structure is made by
slightly folded dolomites and limestones late Triassic
fo Cretaceous in age, plus calcarenites and marls
from lower Miocene. The hydrology of this unit is
poorly known and some problems still remain
unsolved: the recharge takes place through a high
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La unitat de ses Ufanes de Gabelli es localitza al
vessant meridional de la Serra de Tramuntana, al
nord-est de s'Estremera. Correspon a una estructura
plegada encavalcant al NW. La seva litologia esta for-
mada per dolomies, bretxes dolomitiques i calcaries
des del Triasic fins al Jurassic inferior. La recarrega
de la unitat prove de la infiliracié de les precipitacions
(fins al 37% d'una pluja que arriba als 1.000 mm/any)
sobre uns 43 km? d'afloraments carbonatats. La seva
descarrega & lloc a través de diverses surgéncies,
entre les gue destaguen les fonts de ses Ufanes que
donen nom a la unitat. Es pot descriure aquesta font
com una important surgéncia temporal que endemés
s responsable de la major part de |a descarrega (79 %),
la qual assoleix cabals maxims de 20-30 m¥'segon.
Encara que poc coneguda, existeix una altra part de
la descarrega que es produeix de forma subterrania.
Els carbonats gque conformen la part inferior de la uni-
tat presenten fissures carstiques reomplertes per ar-
giles, per la gual cosa la seva permeabilitat és baixa;
en canvi, la part superior presenta una porositat tipus
caverna molt abundant, amb una permeabilitat moll
alta que s'estén desenes de metres per davall de la
superficie topografica. Es aguesta permeabilitat la
responsable d'una baixa capacitat d'emmagatzemat-
ge que explica, al seu torn, la resposta tan rapida de
ses Ufanes a la pluja (Figura 4); en realitat, no hi ha
moltes diferencies entre el comportament de la font i
el que tendrien aiglies d'escorrentia superficial equi-
valents.

La unitat de s’Almadrava se situa a I'extrem NE de
la Serra de Tramuntana. Esta formada per dues la-
mines encavalcants vers el NW de dolomies i calca-
ries del Trigsic superior al Cretacic lleugerament ple-
gades | per margues i calcarenites del Mioce inferior.
La hidrologia d'aquesta unitat és poc coneguda i en-
cara resten per resoldre diversos problemes. La reca-
rrega te lloc per una elevada infiltracid (37%) sobre
uns afloraments calcaris que ocupan uns 41 km2,
mentre que la descarrega es produeix per la surgén-
cia de la Font de s'Almadrava. No es congix com esta
connectada aquesta font amb la lamina encavalcant,
encara que &l volum de la descarrega (17 hm¥any)
requereix I'existéncia de la mencionada connexid.
Endemeés, I'aigua de la font es troba contaminada per
clorurs d'origen mari (fins a 9.000 mg/l), desconei-
xent-se també el mecanisme necessari pel seu em-
plagament. L'agiifer carstic es desenvolupa en la la-
mina mes seplentrional que cap el sud, en situar-se
per davall de la lamina meridional, adquireix carac-
ters d'aquifer confinat; tots dos presenten permeabi-
litat alta, encara que només hi ha dades de transmis-
sivitat (de 5 a 200 m#/dia) per a I'agaifer superior.
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rainfall infiltration (37 %) over 41 km?2 of permeable
oulcrops, whereas the discharge is supposed to
be made by the 5'Almadrava spring. There is not
an explanation for the way this spring is connected fo
the karstic aquifers developed in the thrust
sheets, although the amount of the spring discharge
{17 hm3/year) requires such connection; moreaver,
the water is highly contaminated by sea waler
chlorides (up to 2,000 mg/l) whose mechanism of
emplacement still remains unknown. Karst aquifer
developed in the northern thrust sheet seems to
evolve to a confined aquifer below the southern
sheet; both aquifers show a high permeability, but
there are transmissivity dala (5 to 200 m</day) only
for the upper one.

Serres de Llevant units

The Serres de Llevant is a mouniain range that
extends in a SW-NE direction in the eastern part of
Mallorea. It is built up by highly structured Mesozoic
and Tertiary rocks. Several thrust sheets form a range
of hills and peaks characterized by small cliffs of
Jurassic limestones and hilly areas of crushed
dolomites early Jurassic in age, and thin bedded
limestones and marls from middle Jurassic to
Cretaceous. The main aquifers of Serres de Llevant
are developed in the crushed dolomites, but their
behaviour is similar to the isotropic aquifers and
cannol be considered as a karstic unil. The Jurassic
limestones thrust sheels show small and very
compartmented karstic aquifers (Figure 5).
Nevertheless, huge caves exist, like Coves d'Arta
ones; some of them are localed in the coastal zone,
but their relationship with the preseni-day water-table
or with mixing marine waters is not still clear. The
recharge of these units comes from the rainfall
infiltration and their discharge takes place by pumping
and underground flux to the neighbour units, and to
the sea.

Les Marines units

Les Marines units are formed by labular
calcareniles, calcisiltites and reefal limestones, upper
Miocene in age, located in the southern parts of
Mallorca (Marina de Llucmajor, Marina de Migjorn
and Marina de Llevant). They unconformably overfap
the central part of Mallorca and the southern and
eastern part of Serres de Llevant (Figure &). At least
in the inner parts of the unit, their behaviour is similar
to an isotropic aquifer, but in the coastal zones,
particularly in Marina de Lievant, an important karst
netwaork exists. Karslic cavities develop at the
preseni-day phreatic level; some of them are located
in the coastal zone and are flooded by sea-water,



Les unitats de les Serres
de Llevant

Les Serres de Llevant constitueixen una alinea-
cio muntanyosa que s'esten de SSW a NNE al llevant
de Mallorca. Estan formades per diposits mesozoics
i terciaris deformats de forma prou complexa. Cons-
titueixen un paisatge de turons i valls, estructurat per
nombroses lamines encavalcants, de forma que les
calcaries jurassiques defineixen els relleus més ener-
gics i les dolomies trinxades del Lias inferior els més
suaus, mentre que les valls es conformen damunt les
margocalcaries del Jurassic mitja al Cretacic. Els
principals aquifers de les Serres de Llevant es de-
senvolupen en les dolomies trinxades, pero el seu
comportament hidrologic és similar al d'un aqgtifer
isotropic, pel que no poden ser considerats com a
aqlifers carstics. Les lamines encavalcants amb
calcaries jurassiques es presenten com aqtiifers
calcaris poc extensos i molt compartimentats (Figu-
ra 5). No obstant, localment existeixen grans cavitats
—com les Coves d'Arta— localitzades prop de la
costa, encara que les seves relacions amb el nivell
freatici el nivell de la mar no sén prou conegudes. La
recarrega de les unitats de les Serres de Llevant es
produeix per infiltracié de la precipitacié, mentre que
la descarrega té lloc per bombeig i fluxos subterranis
ala maria les unitats veines.

Les unitats de les Marines

Les Marines estan formades per diposits tabulars
de calcarenites, calcilutites i calcaries esculloses del
Miocé superior que es localitzen basicament en les
parts meridionals de Mallorca (Marina de Llucmajor,
Marina de Migjorn i Marina de Llevant). Aquests dipo-
sits es disposen discordantment damunt les parts
centrals de I'llla i damunt els vessants oriental i meri-
dional de les Serres de Llevant (Figura 6). El seu
comportament hidrologic és similar als aquifers
isotropics en les parts més llunyanes de la costa; en
canvi, al litoral, en especial a les Marines de Migjorn
i de LLevant, s’han desenvolupat importants sistemes
carstics. Les cavitats més espectaculars —algunes
com les Coves del Drac i les Coves des Hams, amb
un elevat interes turistic— es troben situades al ni-
vell freatic actual i algunes d’elles han estat inunda-
des per la mar; no obstant aixo, no esta suficientment
aclarida la influéncia de la zona de mescla sobre el
desenvolupament de les cavitats. Tot el que pot dir-
se és que durant el Quaternari en aquestes cavitats
han predominat els processos de precipitacio; també
s'han detectat processos de dissolucio pero de molt
menor importancia. La recarrega d'aquestes unitats
prové tant de la infiltracié de la pluja com de les apor-
tacions de les unitats veines; la descarrega es pro-
dueix per bombeig i per sortides a la mar.
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Figura 5: Unitats hidrologiques carstiques de les Serres de Lle-
vant. Vegeu la Figura 6 per a la situacio d'aquesta area
geografica.

Figure 5: Karstic hydrologic units of Serres de Llevant. See Figure
6 for focation.

having a great interest as a touristic resort (Coves del
Drac, Coves des Hams). The influence of the mixing
zone between continental and marine waters is not
clear concerning the development of karst system;
although dissolution events have been recorded,
carbonate precipitation seems to be the main process
during their Quaternary history. The recharge of these
units comes partially from the rainfall infiltration and
partially from the underground flux of the neighbour
units; the discharge takes place by pumping and
fowards the sea.

Conclusions

Mallorca’s karst hydrology has an enormous
importance in the water supply of the island. Many of
the main aquifers are of karst origin and the major
rainfall episodes infiltrate into them. Two types of
karst aquifers may be distinguished: the first type
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ISOPIEZES (MAIG, 1979)
EQUIPOTENTIAL LINES (MAY, 1979)
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Figura 6:
Unitats hidrolbgigues carstigues de les Marines.

Figure 6:
Karstic hydrologic units of Les Marines.

Conclusions

La hidrologia carstica de Mallorca ha tingut i té
una enorme importancia per a I'abastiment d'aigua de
I'llla, ja que bona part dels aquifers presenten carac-
ter carstic i en ells s’hi produeix la major infiltracié de
I'aigua de pluja. Poden distingir-se dos tipus d’aqi-
fers carstics; el primer es desenvolupa en els diposits
carbonatats, predominantment calcaries i dolomies,
del Jurassic inferior. Correspon a molts dels aquifers
de la Serra de Tramuntana, els quals es caracteritzen
per arees de recarrega d'unes poques desenes de
quilometres quadrats, formades per afloraments de
roca nua. Les seves descarreges es produeixen per
mitja de surgéncies carstiques. Aquestes unitats pre-
senten un aixecament estructural i topografic impor-
tant i estan solcades per torrents intimament relacio-
nats amb la dinamica dels aqiifers. Malgrat que els
seus models de circulacio solen ser complexos i poc
coneguts encara, pot distingir-se clarament la
preséncia d'una doble permeabilitat: la circulacié
principal es produeix a través de les grans obertures
del sistema carstic i ve a reemplacar de qualque ma-
nera I'escorrentia superficial, mentre que el flux de
base de les surgéncies respon a la preséncia d'una
segona porositat de caracter fissural.

El segon tipus d’aqliifers carstics es localitza en
els diposits tabulars, lleugerament aixecats, del
Miocé (les Marines). Funcionen com a aquifers
isotropics en les parts més internes, i com a carstics
en les proximitats del litoral. De totes maneres, no
esta ben establerta, encara, la relacio entre el seu de-
senvolupament i els canvis de nivell de la mar pro-
duits durant el Pliocé i el Quaternari.
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develops in dolomites and limestones, early Jurassic
in age; they are located in Serra de Tramuntana.
Frequently their recharge areas extend by tens of
square kilometres of bare carbonate rocks and their
discharge takes place by karstic springs. A great
structural uplifting characterized these units which
are commonly entrenched by temporary streams.
Although karst circulation tends to be complex and
poorly known, a double permeability distinguishes
their behaviour: the main circulation is made through
large conduits and it replaces in some way the
surface run-off, whereas small fissures are
responsible for the basal outflow of karstic springs.

The second type of karst aquifers of Mallorca
develops in gently structured Miocene tabular
deposits (Les Marines). They work as an isotropic
aquifer in the inner parts of these units, and
simultaneously as a karst aquifer close to the coastal
zone. The relationship between the development of
karstic cavities and the sea level changes produced
during Pliocene to Quaternary times is not well-
established.
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LES FORMES EXOCARSTIQUES
DE L'ILLA DE MALLORCA

THE EXOKARSTIC LANDFORMS
OF MALLORCA ISLAND

Angel GINES' 2 & Joaguin GINES ' 3

Resum

Les morfologies exocarstiques estan molt ben representades en I'illa de Mallorea a
causa de la dominancia d'afloraments de rogques calcaries. Son remarcables per la seva ex-
tensio | diversilal morfoldgica diferents tipologies de lapiaz, les quals es desenvolupen so-
bre amplies extensions de lerreny on arriben a formar, en ocasions, camps de lapiaz gai-
rebe inlransitables. Les dolines no sdn massa abundants, pero algunes grans depressions
carsligues deslaguen en el modelal de determinades arees. Cal destacar la preséncia de
nolables canyons carstics que solguen el sector seplentrional de la Serra de Tramuntana,
aixi com la plataforma coslanera de ia regid del Migjorn. Sense cap duble, les morfologias
exocarshigues constitueixen per la seva especlaculaniat | vanetatl un dels principals com-
ponents del paisatge mallorgui.

Abstract

Exokarstic features are well-represanted all through the istand of Mallarca due fo the
dommance of imestone oulerops. Different types of karren are remarkable for their
exlension and morphological diversity, and they are present over wide terrains where karren
spikes form almos! impassable karrenfields. Dolines are not very abundant, but same huge
karstic depressions stand oul in the modelling of some areas. Spectacular karstic gorges
furrow both the northern sector of Serra de Tramuntana and the coastal platform of Migforn
region. Exokarstic fealures are undoublediy one of the main components of the Majarcan
landscape,

Introducciod

L'illa de Mallorca, aixi com les seves petites illes
veines de sa Dragonera i el subarxipélag de Cabrera,
as caraclerilza per una geomorfologia carstica diver-
sificada i abundant. Les formes carstiques, lant sub-
terranies com suparficials, constitueixen sens duble
un dels aspectes maes caracteristics de tot el conjunt
geografic mallorgui.

En particular, el paisatge d'extensos sectors de
Mallorca, especialment a la Serra de Tramuntana,

1 Grup Espeleoldgic EST, Palma de Maliorca

2 Museu Balear de Ciancies Naturals. Cira Palma - Pord de Soller
km 30. E-07100 Sdilar (Mallorca).

A Departament de Cibncies de la Terra. Universitat da les llles Ba-
lears, Gira de Valldemossa km 7.5, E-QT071 Palma de Mallorca,

Introduction

The island of Mallorca together with its small
surrounding isles of Sa Dragonera and the
subarchipelage of Cabrera, are characterized by a
diversified and abundant karstic geomorphology. The
karstic features, both the subterranean and the
superficial ones, certainly constitute one of the most
characteristic aspects of the Majorcan geographical
context.

In particular, the landscape of extensive areas of
Mallorca, especially in Serra de Tramuntana,
constilutes an exceptional range of exokarstic
morphologies (Figure 1). In consequence, since the
last century there have been plenty of bibliographical
rafarences that stress the relevance of karstic
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constitueix un excepcional repertori de morfologies
exocarstigues (Figura 1). Per aixd han estat nombro-
ses les referéncies bibliografiques que des del segle
passat destaguen la importancia del modelat carstic
al sector central de la Serra (LOZANO, 1884,
FALLOT, 1922: WINKLER, 1926; DARDER, 1930).
Perd fins i tot a les arees on el modelat superficial no
és lan espectacular, s'hi poden trobar inleressants
fendmens exocarstics.

landforms presence in the central zone of the Serra
(LOZANO, 1884; FALLOT, 1922; WINKLER, 1826;
DARDER, 1930). But even in those areas where the
superficial shaping is not so spectacular, there can be
found interesting exokarstic phenomena.

Serra de Tramuntana
Mallorca

SECTOR SEPTENTRIONAL

w - : ] By

Alcudia
[ |

Figura 1: Cartografia esquematica del modelat exocarstic en el
sector septentrional de la Serra de Tramuntana.
1: Barrang de Biniaraix. 2: Coma de Son Torrelia. 3: Vall
d"Crient, 4: s Esquetjar de Moncaire. 5: es Clots Carbons
B: Pulg Major. 7. es Castellots. 8: Torrent de Pareis. 9:
Clot d’Albarca. 10; Puig de Massanella. 11: Terra de ses
Olles / as Pixarells. 12; Torren! Fondo de Mortitx . 13:
Coma de Mortitx. 14: Vall d’en Marc. 15: Pla de les Bas-
585.

Condicionants litologics
i evolucio de I'exocarst

Les alineacions muntanyoses mallorguines, que
constitueixen les Serres de Llevant i la Serra de Tra-
muntana, estan formades per materials plegats, fona-
mentalment calcaris i margosos, que abracen des del fi-
nal del Paleozoic fins al Miocé inferior (Burdigalia). Els
materials mes ben carstificats son les calcaries massi-
ves | bretxes del Lias inferior, aixi com els conglomerats
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Figure 1: Simplified map of exokarstic landforms from northam
ared of Serra de Tramunfana mountain range.
1: Barranc de Biniaralx. 2: Coma de Son Torrella. 3: Vall
d'Orient. 4: s'Esquetjar de Moncaire. 5! es Clols Carbons,
6: Puig Major. 7: as Casleliols. 8: Torrent de Pareis. 8!
Clot d'Albarca. 10: Pulg de Massanella. 11: Terra de 585
Olles / a5 Pixarels. 12: Torrent Fondo de Martitx . 13:
Coma de Mortits. 14: Vall d'en Marc. 15: Pla de les
Basses.

Lithological conditionants
and evolution of exokarst

The Majorcan mountain ranges, comprising
Serres de Llevant and Serra de Tramuntana, are
mainly formed by calcareous and marly folded
materials, which span from the latter Paleozoic lo the
Lower Miocene {Burdigalian). Massive limestones
and Lower Liasic breccias, as well as conglomerates
and calcarecus breccias from the Burdigalian,



i bretxes calcaries del Burdigalia. La majoria dels camps
de lapiaz i grups de dolines es desenvolupen en aques-
tes litologies de calcaries micritiques, resistents i molt
pures. Les grans depressions carstiques ocupen par-
cialment altres materials carbonatats, detritics i fins i tot
volcanics del Trias, que actuen de vegades com a subs-
tratimpermeable a les voreres o al fons de la depressio,
Els afloraments de dolomies del Relia (Infralias) pre-
senten alguns interessants exemples d'engolidors, que
connecten amb cavitats importants.

Al voltant de les arees muntanyoses mallorgui-
nes es diposita durant el Miocé superior (Tortonia i
Messinia) una seguéncia de calcaries esculloses, cal-
carenites | sediments fins associats, que inclouen es-
tructures estromatolitiques. Aquests materials calca-
ris, inicialment molt porosos, han experimentat una
intansa i complicada diagénesi al mateix lemps que
es carstificaven. Les principals morfologies exocars-
tiques que caracieritzen la plataforma miocénica pos-
torogénica consisteixen fonamentalment en cripto-
lapiaz, generat davall sol, i formes de lapiaz costaner
relacionades amb processos de bioerosio.

Meteoritzacio i microlapiaz

Les morfologies carstigues més pelites compre-
nen una considerable diversital de microtopografies,
originades mitjangant processos corrosius que tenen
lloc en contactar la roca amb finissimes pel-licules
d'aigua i, generalment, sota la intervencid directa o
indirecta de microorganismes. A aguesta escala, que
implica sempre mides inferiors al centimetre, la dis-
solucid carstica de |a roca calcaria és molt activa i es
manifesta com un conjunt de formes de microlapiaz,
que proporcionen una textura aspra a la superficie ro-
cosa. Les textures i modalitats de corrosio resultants
sdn realment dificils de sistematitzar. En part, aixt és
degut a |la necessitat d'utilitzar instruments d'obser-
vacid microscopica i, també, a causa del problema ta-
xonomic que suposa la identificacio de molts dels mi-
croorganismes que colonitzen la superficie de la
roca.

El desenvolupament de microlapiaz és una con-
seqiéncia directa dels processos de meteoritzacid
especifics que afecten la roca calcaria. En les condi-
cions climatiques de Mallorca sembla que les super-
ficies de microlapiaz més accentuades es produeixen
a ambients arids propers a la linia de costa, aixi com
a aquells llocs on es repeteix peribdicament la for-
macid de rosada. Recentment s'han descrit a Mallor-
ca i Cabrera microformes de lapiaz d'aquesta classe,
consistents en canalicles de trajecte sinuos o rectili-
ni i d'una amplaria que no sobrepassa els 0.8 mm
(GINES, 1990a, 1993).

També els ambients que alavoreixen la colonit-
zacit de molses, liquens, algues, fongs i cianobacte-
ris presenten estructures de microlapiaz caracteristi-
ques. Investigacions en curs estan analitzant el paper

happen to be the best karstified materials. Most of the
karrenfields and doline assemblages are developed
within these hard and pure micritic limesfone rocks.
The large karstic depressions partially occupy other
carbonated, detritic or even Triassic voleanic
materials that sometimes act as an impermeable
subsiratum at the edges or boitom of the depressions.
The dolomitic outcrops from the Rhaetian (Infralias)
presenl several inleresting examples of swallow
holes that are connected to imporfant cavilies.

During the Upper Miocene (Tortonian and
Messinian) a sequence of reefal limestones,
calcarenites and associated sediments, including
stromatolitic structures, were sellled down around the
mountain areas of Mallorca. These calcareous
malerials, initially very porous, underwent an intense
and complex diagenesis while they were being
karstified. The main exokarstic features characler-
izing the post-orogenic Miocene platform are mostly
subsoil karren, generated under the edaphic cover,
and coastal karren forms refated to bioerosion
processes.

Weathering and microkarren

The smallest karstic fealures comprise a greatly
diversified assemblage of microtopographies
originated by corrosive processes undergone in
contact with very thin water films and, generally,
under direct or indirect microorganisms action. To this
scale, which always involves sizes inferior to
1 centimeter, the karstic dissolution of limestone is
highly active and it shows itself as a conjunct of
microkarren forms that provide, in general, a coarse
texture to the rock surface. The resulling corrasion
textures and lypes are really hard to systemalize.
This difficult task is due to both the need of
microscopic observation instruments and the added
taxonomic identification problems inherent to many
microorganisms that colonize the rock surface.

The microkarren development is a direct
consequence of specific weathering processes that
affect the limestone. Under the climatic conditions of
Mallorca, it seems that the most outstanding
microkarren surfaces are produced in arid
environments close to the sea shore, as well as where
the dew formation periodically takes place. Recenlly,
some microkarren features of this type have been
described from Mallorca and Cabrera, where it
comprises meandering lineal microrunnels not wider
than 0.8 mm (GINES, 1990a,1953).

The environments favouring the colonization by
mosses, lichens, algae, fungi and cyanobacteria
show also characteristical structures of microkarren.
Some researches in hand are analysing the role of
microfungi in reference to the formation of tiny
corrosional pits on xeric calcareous surfaces from
several localities in Serra de Tramuniana. Likewise,
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desenvolupat per microfongs en la formacio d'alvéols
de corrosio sobre les superficies calcaries xérigues
de varies localitats de la Serra de Tramuntana. Aixi
mateix, FIOL et al. (1992}, estudiant les morfologies
de rillenkarrende la Serra, han demostrat que cél-lu-
les algals de Chroococcus minutus col-laboren, mit-
jangant el desenvolupament de microtopografies
biocarstigues fragils, en el creixement de les estries
de lapiaz.

Les morfologies de lapiaz

El lapiaz o karren (Foto 1) és indubtablemeant la
morfologia exocarstica més ben representada a Ma-
llorca, tant en abundancia com en varietal tipologica.

Folo 1: Aspecie d'un camp de lapiaz desenvaolupat sobra los
calcaries del Lias infarior, en als termanys des Castellols
{Escorca). A la Serra de Tramuntana de Mallorca, les ax-
lensions de roques solcades per canals | esclalxes de [a-
plaz son conegudas amb els noms de “rellar” | “esquet-
jar” respectivamani.

Photo 1:  Appearance of a karrenfield on Lower Lias imesfones in
Es Castellots area (Escorca). In Serra de Tramuntana,
thase rocky terrains furrowed by karren channels and
cracks ara known as “relar” and “esqueljar” respechivaly,

Comprén una amplissima gamma de formes de dis-
solucid, la mida de les quals va des d'1 em fins a al-
gunes desenes de metres. Les formes més abun-
dants i facils de reconé&ixer tenen aspeacte d'esiries
(Foto 2) i canals (Foto 3), que solquen els flancs de
les roques a favor del pendent. Perd tambe hi ha for-
mes amb cavitats irregulars, pouets, cubetes, forats,
tubs i superficies arrodonides. Algunes formes deli-
miten escalons, ondulacions ritmiques o concavitats
mes 0 menys irregulars.

Els mecanismes implicats en la formacio del la-
piaz per dissolucid s6n complicats i s'interfereixen en-
tre si en condicions naturals. Els principals son: I'im-
pacte directe de I'aigua de pluja, el flux d'aigua
col-lectada en solcs sobre la roca, el flux laminar o
turbulent de primes lamines d'aigua, l'aigua estanca-
da sobre la roca, I'aigua adherida en fina pel-licula so-
bre la superficie rocosa i I'aigua edafica que contac-
ta lentament amb el substrat durant la infiltracia.
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FIOL et al. (19592) have demonsirated, by studying the
rillenkarren of the Serra, that algal cells of
Chroococcus minutus accelerate the growth of
karren flutes by developing fragile biokarstic
microtopographies.

Karren features

Undoubtedly, karren features (Photo 1) are the
best represented exokarstic landforms on Mallorca,
both in abundance and typological variety. It
comprises a great wide range of dissolution forms
with sizes going from 1 cm to few tens of meters. The
most abundant and recognizable forms are flutes
(Phota 2) and runnels (Photo 3) that furrow the rock
edges in favour of slope. But there are also irregular
and hollow forms, rainpits, pans, pits, tubes and
rounded surfaces. Some of these delineate
heelprints, rythmic undulations or more or less
irregular concavities.

Folo 2: Estries de lapiaz (nlilenkarren) esculpides sobre conglo-
merats dal Miocé, en la zona de Turixant (Escorca). Ob-
servi's la incipient colonitzacld de les esiries per liquens
epilitics i al relleu positiu que formen els codols silicis.

Phota 2:  Rillenkarren modelled on Miocene conglomerates in
Turixant area (Escorca). Note the developing
colonization of epilithic ichens over the rills as wall as the
profruding features of silceous cobbles.



Les primares referancies geclogigues sobre |a
importancia del lapiaz a la Serra de Tramuniana co-
rresponen a LOZANG (1884), qui atribueix els camps
de lapiaz dels voltants de Lluc als processos de dis-
solucio de la roca causats per les aiglies de pluja.
Tant MARTEL (1903} com, més tard, WINKLER
(19286) ja empren respectivament a les seves publi-
cacions sobre el carst mallorgui els termes lfapiaz |
karren, que amb el lemps serien adoptats en la bi-
bliografia intarnacional per designar especificament
aguestas morfologies. Encara que el predomini de les
mariologies de lapiaz @s molt apreciable als sectors
septentrionals de la Serra, quasi tois els afloraments
calcaris de I'illa mostren conjunts aspecifics de for-
mes de laplaz, com ocorre al Migjorn de Mallorea (Fo-
to 4) | a les zones costaneres.

Durant els darrers anys s'han publicat varies no-
tes en les guals apareixen resumides les principals
caracteristiques del lapiaz mallorqui (GINES et al.,
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Flgura 2: @: representacio gratica on es pol aprociar 1 relacko on-
tre altitud | profunditat d"estries de laplaz (rllenkarren) a
11 lncalitats de la Sarra de Tramuntana.
b: representacid gralica on s pol apreciar la relacid en-
tra altied | longhuds miximes destries de lapiaz (rilfen-
karren) a 33 localitats de la Serra de Tramuntana.

Figura 2 a; plal shawing the relalionship betwean aititudoe and
rillenkarren deplth in 11 localities from Serra de
Tramuniana.

b plot shaowing the ralatienship between altitude and
migximpm rillonkarnon fongih i 33 lacalifies from Serra
de Tramuniana,

The mechanisms invelved in the karren formation
through dissolution are quite complex and, under
natural conditions, they interfere with each other. The
main ones are! direct impact of rainfall, flow of water
collected in sharp grooves on the rock, laminar or
turbulent flow of water films, stagnation of waters over
the rock, water sticking as a very thin layer to the rock
surface, and soil water thal slowly conlacls the rock
interface during infiltration,

The first geological referencas about the
importance of karren landforms from Sarra de
Tramuntana are those by LOZANGO (1884) who
ascribed the karrenfields surrounding the Sanciuary
of Liuc to dissolution processes caused by rainfall.
Mot only MARTEL (1803) but also WINKLER (1326)
already used in their publications on Mafarcan karst
the ferms lapiaz and karren respectively, which have
been allerwards adopted by the internationaf
bibliography to specifically designate these features.
Despita the predominance of karren features being
really obvious in the narthern areas of the Serra,
almost every limestone outcrop from Mallorca
prasenis its specific karren forms, as it occurs in the
Migforn (Photo 4) and coastal areas of the isiand,

During recent years some notes have been
published in which the main characteristics of the
Majorcan karren are resumed (GINES et al., 1878;
GINES & GINES, 1989). Morphometrical studies on
the most simple typologies have also been initiated
(BORDOY & GINES, 1990; GINES, 1990a; GINES &
GINES, 1991) (Figure 2). On the other hand, great
progress has been achieved in clarifying the
terminology and description of the most comman
karren types from Mallorca and Cabrera (BAR et al.,
1986; GINES, 1950a, 1993).

The karrenfields of
Serra de Tramuntana

Under definite topographical conditions the
karren features reach to cover large extensions of
limestones lacking a soil covering, which are
designated as karrenfields (in German, karranfeld).
Therefore, these assemblages happen to be
important absorptional exokarstic macroforms that
can occupy Uup to several square kilometers. If the
karrenfield evolution takes place for long, the
dissolulion progress gives rise to almost impassable
tarrains, inlerrupled by sharp crests and spectacular
rock pinnacles recalling some tropical karren
morphologias (MENSCHING, 1955; BOGLI, 1976).
Such strong and complex topography, which also
includas dolines in its inlerior, has been mapped by
GINES (1990b) in Sa Miljania area (Escorca).

The most imprassive karrenfields are located in
Serra de Tramunitana mountains, on the NW slope of
the northern sector and always al moderate heights.
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1979: GINES & GINES, 1989). També s'han iniciat
estudis morfomeétrics de les tipologies més senzilles
(BORDOY & GINES, 1990; GINES 1990a; GINES &
GINES, 1991) (Figura 2). Per altra banda, s'ha pro-
gressat molt en la clarificacio de la terminclogia i en
la descripcio de les classes de lapiaz més freqlents
a Mallorca i Cabrera (BAR et al., 1986; GINES,
1990a, 1893).

Els camps de lapiaz de
la Serra de Tramuntana

En determinades condicions topografigues les
morfologies de lapiaz poden ocupar grans extensions
de roca calcaria desprovista de sol, gue es coneixen
com camps de lapiaz (karrenfeld). Aquests conjunts
es converieixen aixi en importants macroformes
exocarstiques d'absorcio, que arriben a abragar varis
quildmetres quadrats de superficie. Sil'evolucio dels
camps de lapiaz es produeix al llarg de molt de
temps, el progrés de la dissolucié genera lerrenys
practicament intransitables, interromputs per crestes
afilades i per espectaculars piramides de roca que re-
corden certes morfologies del carst tropical (MENS-
CHING, 1955: BOGLI, 1976). Aquesta enérgica i
complicada topografia, que tambe inclou dolines al
seu interior, ha estat cartografiada per GINES
(1990b) al sector de sa Mitjania (Escorca).

Els camps de lapiaz més impressionanis es loca-
litzen a la Serra de Tramuntana, al vessant NW del
sector septentrional | sempre a altituds moderades.
Entre 200 i 600 metres s.n.m., destaguen els de Ba-
litx, s'Esquetjar de Moncaire, sa Mitjania, sa Calobra -
es Castellots, Turixant, Coct de sa Murtera - Torre de
Lluc, es Pixarells, Menut, Coma de les Truges, Mortitx
i el Rellar de Son Marc (localitats situades als termes

Foto 4: Perforacions | concavilats irregulars, genarades parcial-
mant sota coberta edafica, en les calcarenites del Miocd
superior de la costa de Cala Vargues (Manacor).

Phato 4:  Irregular borings and pils, partially formed under the seil,
on Upper Miocene calcarenites frem the coast of Cala
Vargues (Manacor).
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Falo 3: Disposicid tipica “en espina de peix” de les esiries de la-
piaz [(rilenkarren), desanvolupades anlra canals (rin-
nenkarran) a l'intenior dels quals s"han lormat alguns es-
calons (irittkarren). Aguesis conjunis de formas sdn moll
freqlents en el sectar central de la Serra de Tramuntana,

Fholo 3:  Characleristic “herringbone” patiern of rillankarran,
daveloped balwean rinnankarren that show several
trititkarren features. These assemblages are very
fraquent in the central area of Serra de Tramuniana.

Between 200 and 600 meters a.s.l. the most notable
are the karrenfields of Balitx, S'Esquetjar de
Moncaire, Sa Mitjania, Sa Calobra - Es Castellots,
Turixant, Cocd de sa Murtera - Torre de Lluc, Es
Pixarells, Menut, Coma de les Truges, Mortitx and E|
Rellar de Son Marc (all located in the districts of
Fornalutx, Escorca and Pollenga). Above 900 meters
a.s.l. the main karrenfiels are situated in Massis del
Massanella and Puig Major summits (Escorca). In the
periphery of the Serra, within a more xeric bioclimatic
context, the best karrenfields are those in the coastal
mountains of Pollenga.

The distribution of the karren features all through
the topographical gradienis of Serra de Tramuntana,
between 0 and 1,400 meters a.5.1., reveals a cerlain
altitudinal zonation which has been documented in:
GINESetal. (1979), GINES & GINES (1988), GINES
(1990a), and GINES & GINES (1991).

At the mountain range ends, between 0 and 200
meters a.5.1., elched surfaces and rainpils are



municipals de Fornalutx, Escorca | Pollenga). Per da-
munt de 900 metres d'altitud els principals camps de
lapiaz es troben al massis del Massanelia 1 al Puig Ma-
jor (Escorca). A la periféria de la Serra, en un conlext
bioclimatic més xéric, els millors camps de lapiaz co-
rresponen a les muntanyes costaneres de Pollenga.

La distnbueio de les morfologies de lapiaz al llarg
dels gradients topagrafics de la Serra de Tramunta-
na, entre 0 i 1400 metres s.n.m., posa de manifest
una clara zonacio altitudinal que ha estat documen-
tada a GINES et al. (1979), GINES & GINES (1989),
GINES (1990a) | GINES & GINES (1991).

Als extrems de la serralada, entre 0§ 200 metres
d'altitud predominen els pouets (rainpits) | les super-
ficies aspres, mentre que les estries de lapiaz (rillen-
karren) san rares. Entre 200 | 700 metres abunden les
piramides de lapiaz (spitzkarren), els vessants de les
fuals estan esculpits per canals amb escalons (rin-
nenkarren i triltkarren) i per nombroses estries verti-
cals fines (riflenkarren). A parlir dels 800 m s.n.m. les
gstries de lapiaz es van extingint per esser substitui-
des per canaletes (decantation flules) més amples |
sinuoses, al mateix temps que predominen el lapiaz
de diaclasis (kiuftkarren) i les superficies llises amb
ondulacions que semblen ripples. Segons GINES
(1990}, la zonacid del lapiaz és conseqléncia de la
geagralia de la serralada: relativament simétrica en
direccio SW-NE i amb gradients térmics i pluviome-
trics que guasi se superposen a les corbes de nivell,

Les dolines

Les dolines son fenbmens carstics freglents a
alguns sectors seplentrionals de la Serra de Tra-
muntana, encara que parlicipen moll menys gue els
camps de lapiaz en la configuracio del paisalge. A la
resta de Mallorca la seva presencia és lan sols oca-
sional, o fins i tot rara (GINES & GINES, 1989). Basi-
cament es tracta de depressions o clotades de varis
metres de diametre com a minim.

Les principals agrupacions de dolines es localit-
zen a les arees intensament carstificades del terme
municipal d'Escorca (BINES et al., 1989). Desta-
guen, entre les dolines meés representatives, lesde la
Muntanya de Moncaire, les de Bini Petit, es Clots Car-
bans, sa Mitjania, les dolines des Castellots (ses Pa-
rades i es Clols Balladors), el conjunt de la Terra de
sas Olles (a les immediacions de Lluc) i les dolines de
Femeania i Mortilx, Les altituds en qué es troben ubi-
cades, juntamant amb els impressionants camps de
lapiaz que les rodegen, eslan compreses preferent-
ment entre 300 | 600 metras s.n.m. {

Tal vegada com a conseqiencia de I'homoge-
neitat del seu entorn climatic i iopografic, aquestes
depressions carstiques mostren unes caracteristi-
gues geomorfoldgiques bastant semblants (GINES &
GINES, 1989; GINES, 1990b). Sén dolines de fons

predominant, whereas the rillenkarren features are
scarce. Belween 200 and 700 meters a.s.l. great
spitzkarran, whose slopes are modelled by
rinnenkarren and trittkarren as well as by plenty of
thin vartical nillenkarren, are abundant. From 800
maters a.5.1, up the rillenkarran are replaced by wider
and meandearing decantation flutes; af the same lime
that kluttkarren and some charactaristical smoolh
surfaces with undulations resembling ripples bacomsa
predominant. According to GINES (1890), the karren
zZonalion is caused by the geography af the mountain
range: relatively symmaetrical in SW-NE direction and
with thermic and pluviomeltrical gradients that are
nearly overimposed to the contour lines.

The dolines

Dolines are common karstic phenomena in a few
northern zones of Serra de Tramuntana, although
they are less prominent in the landscape setlings than
karrenfields are. In the rest of Malforca their presence
is occasional or even rare (GINES & GINES, 1983).
Basically, they are surface depressions or hollows of
at lsast sevaral melars in diameatar.

Main dolines assemblages are located in those
intensively karstified areas from Escorca district
{GINES et al., 1883). Among the mos! reprasantalive
daolines the following are remarkable: those from
Muntanya de Moncaire, Bini Petit ones, Es Clots
Carbons, the dolines of Sa Mitjania, those of Es
Castellots (Ses Parades and Es Clots Balladors), the
Terra de ses Olles assemblage (nearby Liuc) and the
ones of Femenia and Mortitx. The altitudes at which
they occur, logether with the karrenfields surrounding
tham, cover from 300 o 800 meters a.5.1,

Perhaps due to the homogeneily of their climatic
and topographical environment, such karstic
depressions show rather similar geomorphological
characteristics (GINES & GINES, 1989; GINES,
19908). These dolines present a rather flat floor
although many swallets can be found in the deepest
places. They show a typical bowl-like shaps whose
rocky edges slope between 5° and 30°; their bottom
is occupied by a silty soil whara an mnleresting plant
community, dominated by heather (Erica arborea),
may become stablished (GINES et al., 1989). They
are medium sized depressions characlerized by oval
or subcircular perimeter that can cover areas from
2,000 lo 15,000 square meters, thus correspanding 1o
major axis lengths between 20 and 150 meters
(Photo 5).

In the Pollenga mountains dolines are very
irregular in size, morphology and altitudinal
distribution. Vegelation also indicates a more arid
climatic context, as can be seen in the doline
assemblages of La Malé and Coves Blangues.
Apparently, they are young formations, barely
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pla, poc profundes, perd amb nombrosos engolidors
a les zones més deprimides. Tenen tipica forma de ri-
bell, amb voreres rocoses inclinades entre 5° | 30°, &
fons de les quals esta ocupat per un sol llimos on
s'estableix una interessant comunitat vegetal domi-
nada pel bruc (GINES et al., 1989). Sén depressions
de mida mitjana, caracteritzades pels seus contorns
ovalats o subcirculars, que poden abragar superficies
compreses entre 2.0001 15.000 m2, gue corresponen
a longituds d'eix major que van des de 20 finsa 150 m
{Foto 5).

A les muntanyes de Pollenga les dolines son mas
irregulars quant a mida, morfologia i distribucio al-
timétrica. La vegetacic també denota un context bio-
climatic més arid, com s'aprecia als grups de dolines
de la Malé i de Coves Blanques. Aparentment es trac-
ta de formes joves, poc evolucionades, que estan ex-
perimentant en l'actualitat intensos processos de per-
dua de sol.

Per damunt dels 600 metres d'altitud les dolines
gscassegen | nomes tornen a reaparéixer a les coles
altes dels principals cims de l'illa. Ses Clotades del
Puig Major i les microdolines de la Serra de sa Rate-
ta | del massis del Massanella constitueixen els mi-
llors exemples d'aguestes depressions carstiques de
muntanya. Sdn dolines poc profundes, que nomes
excepcionalment superen els 20 metres de diametre
i el fons de les quals sol esser pla | pedregds. Una in-
teressant excepcit es pot observar prop del cim del
Puig des Teix, on es localitza una dolina de grans di-
mensions.

A diferéncia del que succeeix al seclor septen-
trional de la Serra de Tramuntana, les dolines son
morfologies carstiques bastant rares i infreqlents a
la resta de I'llla. A les muntanyes del nord d'Arta, s'hi
troben algunes dolines de mida mitjana, aixi com a
I'extensa plataforma de calcarenites del Miocé, en la
gual cal esmentar 'interessant dolina on s'abre la
Cova des Xots (a Can Frasquet, Manacor).

Les grans depressions
carstiques

L'escassa bibliografia disponible sobre la geo-
morfologia de la Serra de Tramuntana inclou infor-
macions molt confuses en relacid a la preséncia de
poljes a la principal serralada mallorguina. Segons
MENSCHING (1955) les amplies formes concaves,
sobretot poljes, son els fendmens carstics predomi-
nants a la Serra. Allres cites ocasionals mencionen
diverses localitats concretes, qualificant-les de pol-
jes, perd sense aportar majors precisions sobre la se-
va mida i morfologia. Pel contrari, BAR et al. (1986),
i GINES & GINES (1989, 1991) eviten d'utilitzar
aquest terme | s'hi refereixen com karstbecken (con-
ques carstiques) | grans depressions carstigues res-
pectivament.
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Foto 5: Dolina coneguda com al Clol da I'lalern, an al costat des
Castellols que limita amb el Torren! de Parels. La seva
marfologia, dimensions | vegetacid son reprasentatives
de les dolines d'altitud intermitja de la Serra de Tramun-
tana {antra 250 | 700 metres s.n.m.}).

Phota 5:  Doline known as Clot de I'Infern, located in the Es
Castaliots slope bordering Torren! da Pareis canyon. s
marphology, size and vegelation are representative of
those middle altitude dolines of Serra de Tramuntana
(batween 250 and 700 melers a.5.1.).

evolved, which are at present undergoing intense soil
loss processes.

Above an altitude of 600 meters dolines are
scarce and only reappear at extreme heights in the
main Majorcan peaks. Ses Cloiades del Puig Major
and the microdolines of Serra de sa Rateta and
Massis del Massanelia constitute the best examples
af such mountain karstic depressions. They are
shallow dolines that only exceptionally exceed 20
meters in diameter and whose bottom tends to be flat
and cobbly. An interesting exception to them can be
observed besides the Puig des Teix where a high
dimension daline is situated.

fn eontrast to the frequent occurrence on the
narthern sector of Serra de Tramuntana, dolines are
rather rare over the remainder of the isfand. In the
mountains from the northern area of Arta district there
are a number of medium-sized dolines, as in the
extensive platform of calcarenites from the Upper



Atenent a les invesligacions mes recents, cap de
les grans depressians carsliques de la muntanya ma-
llorquina es poi considerar rigorosament un polje.
GINES & GINES (1988) afirmen que les grans de-
pressions carstiques estan ben representades al sec-
tor septentrional de la Serra, entre la vall de Saller | la
peninsula de Formentor, Les seves dimensions rara-
ment superen el quilbmetre | mig de longitud maxima,
mentre gue la seva morfologia es mostra condiciona-
da, en la majoria dels casos, per les directrius es-
tructurals dominants a la serralada.

ey

Foto Gt

Vista goneral de la Coma de Son Torrella (Escorca), ales
rodalles del Puig Major. Es tracla d'una gran depressio
carstica completamant tancada, en les voreres de fa qual
s"han axploral diversos aVencs | Coves

Photo 8:

Panoramic view of Coma de Son Torrella {Escorca)
nearby the Puig Major. It is a karstlc depression, entirely
closed, in which cdgos several caves and shafts have
baen explored.

Entre les depressions carstiques mes destaca-
bies cal citar la Coma de Son Torrella (Escorca), que
estd connectada hidrolégicament amb la Font des
Verger, i en la qual el seu fons pla, que amida 1.500 m
de llarg per 250 m d'ample {Foto 8), apareix encaixal
enire voreres escarpades gue contenen profundes
cavitats (GINES & GINES, 1991). Altres depressions
carstiques formen amplies zones planes, No BXCASSI-
vament deprimidas, en el fons da les quals s'ubiquen
grans avencs | engolidors impenetrables. Aquest és
el cas del Pla de les Basses (Pollenga) i la Coma de
Maortitx (Escorca), descrites respectivament per DAR-
DER (1930) i GINES & GINES (1972). Fora de la
Serra de Tramuntana cal mencionar la depressio
carstica de ses Comes de Son Granada (Llucmajor),
descrita per ROSSELLO-VERGER (1964) en el seu
treball monografic sobre les comarques meridionals
de Mallorea.

Tambe algunes valls espaioses, actualment cap-
turades per la profunditzacia del jag d'importants to-
rrents, podrien estar relacionades genaticament amb
antigues depressions carstiques similars als poljes.
Endemés de les valls altes de Cuber | Almallutx (Es-
carca), els principals exemples d'aquestes depres-
slons carstiques obertes sdn la Vall d'en Marc (Po-
llenga), el Clot d’Almadra (Alard), la Vall d'Crient
(Bunyola) i el Clot d'Albarca (Escorca). Una interpre-
tacid morfogenética del Clot d'Albarca (Foto 7) | de
les morfologies carstiques del seu entorn es pot con-
sultar a les recents publicacions de BAR et al. (1986)
| GINES & GINES (1921).

Miccens; a notable example being the interesting
daoline whare the Cova des Xols entrance 15 located
{in Can Frasquet, Manacor).

The great karstic depressions

The scarce available bibliography on the
geomorphology of Serra de Tramuntana includes
conflicting references in relation to the presence of
poljes along the main Majorean range. According to

MENSCHING (1855) the wide concava forms, mainly
polfes, are the predominant karstic phenomena in the
Serra. Other sporadic reports mention polfes in
diverse specific localities but without any precise
information concerning size or morphology. However,
BAR et al. (1986) and GINES & GINES (1989, 1991)
avoid using such lerm and denominate them as
karstbecken and large karslic depressions
respactivaly,

According to the most racant researcheas, none of
the large karstic depressions of the Majorcan
mountains can be rigorously considered as a polja.
GINES & GINES (1989) stata that large karstic
depressions are well-represented on the northern
sector of the Serra, between the Soller valley and the
Formentor peninswla. Their dimensions rarely exceed
one kilometer and a halfl in maximum lenght while
their morphology is, in mosl cases, conditioned by the
siructural directions which are dominant in the
mauntain ranga.

Among the most remarkabla karstic depressions
it should be mentioned the Coma de Son Torrella
valley (Escorca), hydrofogically connacted to tha Font
des Verger spring, and whose plain bottom, 1,500 m
fong by 250 m wide (Photo 6), appears fitted between
steep slopes containing deep cavities (GINES &
GINES, 1991). Other karstic depressions cover
axtensive flal floored areas, usually not excessively
deep, at the battom of which huge shafts and
impassable swallow holes have been hollowed out,
This occurs In Pla de les Basses (Pollenga) and
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Els engolidors i els avencs
i dolines d’esfondrament

San freqlents, en el fons de les dolines de mun-
tanya, engolidors que focalitzen I'absorcid de 'aigua
col-lectada per aguesles depressions. No obstant, a
les dolines mallorquines san rars els engolidors que
connecten amb cavitats penetrables d'una certa en-
vergadura. El cas més espectacular el constitueix |'A-
venc de sa Mitjania, gue actua com a engolidor d'una
important dolina (GINES, 1990b). També la gran do-
lina del Pla de les Basses, a Formentor, presenta va-
ris avencs de dimensions remarcables.

Les cavitats de la Coma de Son Torrella proba-
blement funcionaren en altre temps com a engolidors
actius, abans que es produis la sobreexcavacio
d'aquesta gran depressio carstica. Meés evident es
I'emplagament actual de I'Avenc de s'Aigo, situata la
zona més deprimida de 'amplia Coma de Mortitx, fet
que li permet de recollir I'aigua canalitzada pel pelit
torrentd que drena aguesta conca carstica.

Endemés de |'Avenc d'en Corbera (Esporles),
ubicat al fons d'una torrentera, I'Avenc des Gel (Es-
corca) és un excel-lent exemple d'engolidor que
s'obre al llit d'un torrent de muntanya, als plujosos es-
treps nord-occidentals del Puig de Massanella.

Mentre gque els engolidors estan meés ben repre-
sentats a la complexa topografia dels carsts de mun-
tanya, els avencs i dolines d'esfondrament son feno-
mens carstics de distribucio geografica més general
atota l'illa. L'Avenc de Son Pou (Santa Maria del Ca-
mi) és tal vegada 'exemple mes destacat d’'avenc
d'esfondrament, mentre que I'entrada de I'Avenc des
Llorer (Escorca) pot esser gqualificada de dolina d'es-
fondrament.

Aixi mateix, morfologies d'enfonsament molt no-
tables es localitzen al carst costaner del Migjorn. En-
tre elles, la Cova des Serral i la Cova de sa Gleda
{ambdues a Manacor) recorden les caracleristiques
tipiques dels cenotes del Carib. De fet, ambdues ca-
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Fota T:

Vista general del Clot d'Albarca (Escorca). Aguesla gran
depressio carstica esta travessada actualmani pe!
Torrant da Llse, perd conserva encara trets morfologics
samblanis als dels polies.

Phota 7:

Panoramic view of Clet d'Albarca (Escorca). This great
karsiic depression, crossed nowadays by Toment de Live
stream, redains still morphological characters similar to
the polies ones

Coma de Mortitx (Escorca), described by DARDER
(1930) and GINES & GINES (1972) respectively.
Apart from Serra de Tramuntana, the karstic
depression of Ses Comes de Son Granada
{Livemajor) should be mentioned, first described by
ROSSELLO-VERGER (1964) in his monographic
work aboul the southern regions of Mallorca.

Moreover, some wide valleys, now capiured by
the downcutting of impartant stream beds, cauld be
genetically relaled to karstic depressions simifar to
the poljes. In addition to the high valleys of Ctiber and
Almallutx {Escoreca), the main examples of such
opened karstic depressions are Vall d'en Marc
{Pollenga), Clot d'Almadra (Alard), Vall d'Orient
{Bunyola) and Clot d'Albarca (Escorea). A marpho-
genetical interpretation of Clot d’Albarca (Photo 7)
and its surrounding karstic features can be found in
the recent publications by BAR et al. (1986) and
GINES & GINES (1991).

Swallow holes and collapse
shafts and dolines

At the bottom of the mountain dolines there are
frequent swallow holes that funnel the water collected
by the depressions. Hovewer, in the Majorcan
dolines, the swallels that connect with quite huge
passable cavities are scarce. The most spectacular
one is Avenc de sa Mitjania that acts as swallow hole
of an important doline (GINES, 1990b). The great
doline of Pla de les Basses, in Formentor, presenis
also some shafts of remarkable dimensions.

The cavities of Coma de Son Torrella probably
functioned in the past as active swallets, before the
over-deapening of this great karstic depression took
place. The present setting of Avenc de s’Aigo is even
more abvious. being placed in the lowest zone of the
extensive Coma de Morlitx, what allows the collecting



vitals eren auténtics cenofes durant les etapes inter-
glacials en gué el nivell freatic inundava la major part
de |a caverna.

Els canyons carstics

Encara que els estrets | profunds canyons que
solguen els sectors central | septentrional de la Serra
de Tramuntana son morfologies fonamentalmeant flu-
viotorrencials, constitueixen sens dubte un deis trets
més lipics de 'agrest paisalge calcari de |la serralada
(GINES et al., 1979). L'accié abrasiva de 'aigua so-
bre la roca calcaria | els processos de dissolucid cérs-
tica hi han actuat a favor de grans fractures d'origen
tectonic formant angosts canyons, de llit abrupte i di-
ficil accés.

El Torrent des Gorg Blau, amb el tram conegut
com sa Fosca, i el Torrent de Pareis (ambdds a Es-
corca) son els exemples més espectaculars d'aques-
tes estructures fluviocarstiques, el trajecte rectilini de
les quals denota un fort control estructural. Les parets
verticals del Torrent de Pareis superen els 200 me-
tres d'altaria i el seu recorregut, que finalitza a |a de-
sembocadura de sa Calobra, totalitza més de 3 quild-
metres de longitud. Altres canyons carstics
destacables sdn el Torrent Fondo de Mortitx (Escor-
ca), el Torrent de na Mora (Fornalulx), el Torrent de
Coanegra (Santa Maria del Cami) | el Torrent des
Guix (Selva). També sdn freqients els trams, per-
tanyenis a aparells torrencials més extensos, gue for-
men congosts en travessar aflloraments calcaris, com
succeeix amb I'Estret de Ternelles (Pollenga) i I'Es-
tret de Valldemossa.

La preséncia de canyons carstics poc profunds,
gue solquen la costa tabular miocénica de la comar-
ca de Migjorn, i la seva relacid amb la formacio de ca-
les i el desenvolupament de coves encara no ha es-
tat estudiada amb el suficient deteniment. No obstant,
I'obra de ROSSELLO-VERGER (1964) dedicada al
sud i sud-est de Mallorca conté abundants dades
descriptives.

Conclusions: caracteritzacio
de I'exocarst a Mallorca

Les morfologies exocarstiques de Mallorca s'ins-
criven en un context bioclimatic | geomorfologic tipi-
cament mediterrani. Com que el rang d'altituds de
l'illa comprén des de 0 fins a 1.400 metres s.n.m., &s-
sent la major part de la seva superficie calcaria, no-
més els alts cims (per damunt dels BOO m) s'han vist
afectats per climes freds durant les glaciacions i pre-
senten formes tipigues de carst de muntanya. Impor-
tanis processos de deforestacid i de pérdua de sol es
perceben clarament als camps de lapiaz de la Serra
de Tramuntana, ja que les microformes de lapiaz

of water channelized by the small stream bed which
drains that karslic basin.

Both Avenc d'en Corbera (Espories), situated at
the bottom of a creek, and Avenc des Gel (Escorca),
located on the northwestern side of Puig de
Massanella, are excellent examples of swallow holes
that open themselves in the bed of mouniain streams.

While the swallow holes are beller represented
in the complex topography of the moumntain karsts,
collapse shafts and dolines are karstic phenomena
more widespread throughout the island. Maybe,
Avenc de Son Pou (Santa Maria def Cami) is the most
remarkable example of a collapse shaft in Mallorca,
whereas the entrance of Avenc des Llorer (Escorca)
could be mentioned as a collapse doline.

Likewise, very nolable colfapse cave enltrances
are located on the coastal karst of Migjorn. Among
them, Cova des Serral and Cova de sa Gleda (both in
Manacor) resemble the typical characteristics of the
Caribbean cenotes. In fact, both cavities were
authentic cenotes during the interglacial periods,
when the phreatic level drowned most of the cavern.

The karstic canyons

Although the narrow and deep canyons furrowing
the ceniral and northern sector of Serra de
Tramuntana are mainly fluvial-torrential features, they
constitute undoubtedly one of the most typical
aspecis of the wild limestone landscape of this
mountain range (GINES et al., 1979). The abrasive
action of water on limesitone, together with the karstic
dissolution processes, have acted upon large
fractures of tectonic origin giving shape to gorges
characterized by steep stream beds and difficuit
access.

Torrent des Gorg Blaw, comprising the stretch
known as Sa Fosca, and Torrent de Pareis (both in
Escorca) happen to be the most speclacular
examples of these fluvio-karstic structures, whose
lineal way indicates a strong struciural control, The
vartical walls of Torrent de Pareis surpass 200 m in
height and its path, ending in Sa Calobra outlel, is
longer than 3 kilometers. Other outstanding karstic
canyons are Torrent Fondo de Mortitx (Escorca),
Torrent de na Mora (Fornalutx), Torrent de Coanegra
(Santa Maria del Cami) and Torrent des Guix (Selva).
There are also frequent sirefches, belonging to more
extensive rushing streams, that form gorges when
crossing over limestone oulcrops, as it occurs with
Esiret de Ternelles (Pollenga) and Esirel de
Valldemossa.

The presence of relatively shallow karslic
canyons that furrow the tabular Miocene coast of
Migforn region, and their relation to the coves
formation as well as to the main cave-development
horizons, has not been yet studied thoroughly
enough. Nevertheless, the book by ROSSELLO-
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d'escorrentia es desenvolupen, com a norma gene-
ral, sobre criptolapiaz préviament format sota cober-
ta edafica.
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mos! cases, on subcutaneous karren features
praviously formed under sofl covering.
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L’'ENDOCARST DE MALLORCA:
ELS MECANISMES ESPELEOGENETICS

MALLORCA’S ENDOKARST:
THE SPELEOGENETIC MECHANISMS

Joaquin GINES ' 2

Resum

En aquest treball &’exposen diverses consideracions entorn de 'endocarst de Mallor-
ca i dels processos espelangenétics que 'han configural. Es proposa una sistemalilzacio
dels fendmens subterranis de l'llla basada an el context hidrogeolégic en el gqual 5'han ge-
narat les cavitats objecte dastudi, tof aportant dades sobra la distribucit espacial de les dis-
times categories de coves | avencs. En aquest sentit, 8'ha de destacar [a gran abundancia
—particularment a 1a Serra de Tramuntana—  de cavilats verticals originades & la zona
vadosa, aixi com la importancia de la carstificacid livoral de I"area geografica del Migjorn,
relacionada amb processos geoquimics da mescla fredtica d'aigles cantinentals | marines;
al gontrari, les coves excavades an régim fredtic no litoral son ascassaes an &l conjunt de
lilla. Pel que fa a les dimensions del milenar de formes endocirstiques conagudas, aques-
les poden esser qualificades de modestes: tan sals unes quantes coves superan al guile-
melre de desenvolupament horitzontal, | la profunditat maxima que assoleixen les cavitats
supera de moll poe els 300 metres de desnivell,

Abstract

Soveral considerations are disclosed in this papear with ragard fo Mallorca's endokarsi
and the speleogenetic processes that have formed it. A systematization of the underground
phenomena of the island is proposed on the basis of the hydrogeolagical context in which
the cavities object of this study have been generated, bringing forward data on the
geographical distribution of the different categories of caves and shafis. In this sense, the
greal abundance —particularly in Serra de Tramuntana mountain ranga— of varlical
cavilies originated in the vadose zone must be pointad aut, as well as tha importance of
littoral karstilication —mainly in the flat area of Migjorn— ralated to gaachamical
processes of phreatic mixing between continental and marine waters; an tha contrary, the
caves excavaled in non toral but phreatic conditions are scarce an the whole of the island.
With regard to the dimensions of more than a thousand of known endokarstic features, thesa
can be qualified as modesl: only a lew caves surpass a kilometre of harizontal devalopmant,
and the maximum depth thal the cavilies atlain excels in very little 300 metras.

Introduccié

La bibliografia centrada en la descripcic mor-
folbgica de 'endocarst en el nostre ambit geogratic és
malt extensa, i no és objectiu d'aguestes planes fer-
ne ara una revisio. Per conlra, no s6n massa nom-
brosos els treballs que facin referéncia als mecanis-

1 Grup Espelecibgic EST. Paima de Mallorca.
2 Departament de Cigncies de la Tarra. Universitat de les Illas Ba-
lears. Cira de Valldemossa km 7.5 E-07071 Palma do Mallorca.

Introduction

The bibliography devoted to the morphological
description of endokarst in our geographical ambit is
very extense, and it is not the aim of this paper to go
through it. However, there are not many works that
refer to speleogeneatic mechanisms respansible for
the formation of caves in Mallorca, a subject which we
intend to approach in this section. The oldest
publications that deal with this issue go back to the
end of the XIX century (LOZANO, 1884, GAY &
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mes espeleogenétics responsables de la formacio de
les coves de Mallorca, tematica a la qual pretenem
apropar-nos en aquesta nota. Les publicacions mes
antigues que tracten la gliestio s remunten a finals
del segle XIX (LOZANO, 1884; GAY & CHAMPSAUR,
1885), | estan impregnades de certes dosis del ca-
tastrofisme encara imperant en bona part de la litera-
tura geclogica del moment.

D'aquella época mereix una mencio especial
I'obra de MARTEL (1B96) qui, amb molt poc encert,
va atribuir la génesi de les Coves del Drac a 'accid
erosiva estrictament mecanica produida per les ai-
gles marinas. Aquest fet propiciara que, com a reac-
cit contra aqueixes idees, gairebé tota la bibliografia
posterior sobre la matéria —publicada sobretot du-
rant la primera meitat del present segle—  es dedi-
qui a suggerir diverses modalitats d'excavacio de les
coves properes a Portocristo per mitja de I'actuacid
de les aiglies subterranies continentals (MAHEU,
1912: DARDER, 1925; FAURA Y SANS, 1926; JOLY
& DENIZOT, 1929).

Les aproximacions recents a la génesi de les for-
mes subterranies del carst mallorqui son fins | tol més
escasses. Esmentarem llintent de sistemalitzacio es-
peleogengtica realitzat per ENCINAS ef al, (1974),
aixi com la classificacid tipolbgica de les cavitats de
I'lla proposada per GINES & GINES (1974; 1987) la
qual té connotacions genétiques que poden resultar
d'interés.

Per finalitzar aquesta breu introduccio historica,
ens hem de referir a |la recent publicacié d'un model
espeleogenétic | evolutiu que intenta explicar les pe-
culiaritats de la carstificacid del Migjorn de Mallorca
(GINES & GINES, 1992). Aquest model obviament no
contempla la génesi marina suggerida per a les Co-
ves del Drac a finals del segle passat, siné que em-
fasitza tant 'actiu paper geoquimic de la zona freati-
ca de mescla entre aiglies continentals | marines,
com les particularitats evolutives de I'endocarst litoral.

En aguestes pagines es procurara aportar infor-
macions valides, encara que bastant generals, sobre
les caracteristigues i I'origen de les nombroses cavi-
tats subterranies de Mallorca. Cal consignar que no
s'intentara fer una sistematitzacic tipologica detalla-
da de les coves i els avencs de l'illa, la qual per forga
hauria de considerar aspectes morfologics que no
son |'objecte principal d'atencié del present treball.
Momeés es pretén exposar un esquema que, amb sim-
plicitat i coheréncia, expliqui quins son els processos
responsables de la formacio de les cavitats, tan
abundants en el nostre variat carst insular. Per a més
precisions sobre qiestions morfologiques, espe-
leaométriques i geografiques de les coves mallorqui-
nes, el lector interessat pot consultar alguns treballs
(GINES & GINES, 1987, 1989; TRIAS et al., 1979)
que s'ocupen detalladament de I'endocarst de la ma-
jor de les llles Balears.
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CHAMPSAUR, 1885), and are impregnated by certain
doses of catastrophism still prevailing in a good part
of the geological literature of the epoch.

From that period, MARTEL's work (1856)
deserves to be mentioned since he attributed, not
very wisely, the genesis of Coves del Drac to strictly
mechanic eraosive action produced by sea waters.
This fact will propitiate that, as a reaction against
these ideas, practically all the later bibliography on
this subject —published above all during the first half
of the present century— keeps on making
suggestions on several excavation modalities of the
caves near Portocristo through the action of
continental underground waters (MAHEU, 1912;
DARDER, 1925; FAURA ¥ SANS, 1826, JOLY &
DENIZOT, 18239).

Recen! approaches fo genesis of the
subterranean morphologies of Majorcan karst are
even more scarce. We will mention the attempt of
speleagenelic systematization carried out by
ENCINAS et al. (1974), as well as the typological
classification of our cavities proposed by GINES &
GINES (1974; 1987) which has genetic connotations
that can be of some interest.

To end with this brief historical introduction, we
have to refer to the recen! publication of a
speleogenetic and evolutionary mode! that tries to
explain the peculiarities of endokarstification in the
Migjorn area of Mallorca (GINES & GINES, 1992).
This mode! obviously does not take into account
marine genesis suggested for Coves del Drac at the
end af the last century, but emphasizes both the
active geochemical role of the phreatic mixing zone
between confinental and sea waters, as well as the
evolutionary particufarities of littoral endokarst.

In these pages we will Iry to bring forward some
valid information, although set out in broad outlines,
on the characteristics and the origin of the numerous
underground cavities in Mallorea. It must be stated
that we will not try to make a delailed lypological
systematization of caves and shafls in the island,
which compulsively would have to consider
morphological aspects that are not the main object of
the present work. We are only endeavouring to
expose a sketch, that with simplicity and coherence,
will enable to explain which are the processes
responsible for the formation of caves, so abundant in
our varied insular karst. For further precisions on
maorphological, speleometrical and geographical
issues of Majorcan caves, the interested reader may
consult some publications (GINES & GINES, 1987,
1989; TRIAS et al., 1978) that pay some special
attention to endokarst in the biggest of the Balearic
Islands.



Classificacié espeleogenética
proposada

L'esbos d'una classificacio espeleogenética de
les coves 1 avencs de Mallorea és una tasca no
axampla d'algunes dificultals. Els problemes amb
qua ens hem trobat an realitzar aquesta labor son de
diversos tipus, als quals farem relerencia tol seguit de
maneara abreujada.

Cal tenir present, d'una banda, que |la gran ma-
joria de la literatura dedicada a 'espelecgénesi, com
a manifestacid geomoritolégica interna del procés de
carstificacié, s'ha centrat en el congixement de la for-
macid i evolucio dels sistemes espeleclbgics: és adir,
de les grans cavernes —o conjunts de coves mes
modestes— integrades en una unitat de drenatge
de les aigies sublerranies. Aixi, s'han formulat nom-
brosos models explicatius, més o menys aforlunals i
complexos, d'entre els quals destaca 'elaboral per
FORD (1965) | complemeantat mas tard per FORD &
EWERS (1878}, Aquests autors relacionan, de ma-
nera coherent, |a disposicid espacial | 1a moriologia
dels sistemes espeleoldgics amb les variacions al
llarg del temps de les condicions hidrogeolégiques
del sistema carstic; les quals vénen al seu torn con-
dicionades, entre altres factors, pel progressiu Incre-
ment de la freqléncia de fissures hidroldogicament
funcionals.

A Mallorca gairebé no es pol parlar d'auténtics
sistemes subtarranis penetrables per 'home, De fel
s0n escasses [es cavitats gue tenen un desenvolu-
pament superior al quilémetre, | noméas quatre
d'aguestes assoleixen més de 2.000 metres de reco-
rregut horitzontal; aixi dones. es pot afirmar que la
majoria de les coves i avencs de l'illa son fendmens
hipogeus de magnituds realment modestes. Per
aquests molius la significacid espelecgenética de bo-
na part de les noslres cavitats és confusa, en tractar-
=& ja sigui de formes subterranies de poca rellevan-
cia, o bé de manifestacions baslant fragmentaries
d'antics sistemas espeleciogics moll evolucionals en
el temps.

A les dificultats ja esmentades, se n'hi afegeixen
altres no menys importants. D'una banda, gqualsevol
intent de classificacio dels fendmens naturals implica
un notable esforg de simplificacid, en haver d'enca-
sellar elements complexos que poden participar de
manera diversa dels trets definitoris de varies de les
categones establertes. 'altra banda, les darreres
fases de |'evolucio morfologica de les cavitats carsti-
ques parten inherent I'actuacia d'una série de meca-
nismes (esfondrament de voltes | parets, es-
talagmititzacié...) que tendeixen a homogeneitzar
l'aparencga dels buits pre-existents, amb total inde-
pendéncia dels processos espeleogendtics que els
originaren. En el cas de Mallorca, son freqlents les
coves en les guals la rellevancia de les morfologies
associades al despreniment de blocs rocosos —pro-

Proposed speleogenetic
classification

The outline of a speleogenetic classification of
caves and shalls in Mallorca is a lask which presents
some difficulties. The problems thal we have
encountered on carrying oult this labour are of several
kinds, to which we will refar briafly.

First of all, we musi take into account that the
vast majority of literature dedicated to speleogenesis,
as an internal geomorphological manifestation of the
karstification process, has centred on the knowledge
of formation and evolution of the speleclogical
systems: that is to say, of the big caverns —or
assemblages of more modest caves— integrated in
a drainage unit of underground waters. In this way,
numearous explanatory models have been postulaled,
rather fortunate and complex, among which we can
point out the one elaborated by FORD (1985) and
later complemeantad by FORD & EWERS (1878).
These authors relate coherently, the spatial
disposition and the morphalogy of speleoclogical
systems to variations throughout time of
hydrogeological conditions of the karstic system;
which are in their turn eonditioned, among other
factors, by the progressive increase of the frequency
of hydrologically functional pathways.

In Mallorca we can hardly speak about genuine
subterranean systems penelrable by man. In fact, the
caves thal have a developmenl of over a kilomelre
are scarce, and only four of these attain more than
2,000 metres of harizontal extension; therefore, it can
be asserted that the majority of caves and shafts of
the island are hypogeum phenomena of really modest
magnitudes. For these reasons the speleogenetic
significance of a good part of our cavities can be
obscure, whether we deal with underground forms of
little relevance or quile fragmentary manifestations of
very ancienl speleclogical systems greatly evolved
throughaout tima,

Other important difficulties must be added to
those already mentioned abova. On one hand, any
classificatory attempt of natural phenomena involves
a natable simplification effort, on having to classify
complex elements that can participate in different
ways of distinctive features of several established
categories. On the other hand, the last phases in the
morphological evolution of karstic cavities carry
inherent the action of a series of mechanisms
fhreakdown of ceilings and walls, speleothems
deposition...) that tend to homogenize the aspect of
the pre-axisting voids, with absolute independence fo
speleogenetic processes that originated them. In the
case of Mallorca, there are many caves which the
relevance of morphologies associated to the
breakdown of rocky blocks —product of mechanical
readjustments of walls and ceilings of the cavity—
manages to efface all the traces of former
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ducte dels reajustaments mecanics de les paretsiles
voltes de la cavitat— arriba a esborrar tots el vesti-
gis de fases evolutives precedents; aquest fet, junt
amb I'exuberancia que solen presentar els diposits
estalagmitics en les coves mallorquines, no és gens
favorable al coneixement espeleogenétic del nostre
endocarst.

evolutionary phases. This fact, together with the
exuberance that speleothems usually presentin
Majorcan caves, is not at all favourable to
speleogenetic knowledge of our endokarst.

In order to establish the genetic classification of
caves and shafts in our island, we have opted for the
use of a criteria similar to the adopted more frequently
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Taula I:
Classificacio espeleogeneética de les coves i els avencs
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Speleogenetic classification of caves and shalts of the
island. The relative abundance of different typologies is
shown in the main karstic regions of Mallorca.

preséncia
prasence

O ®

A I'hora d’establir la present classificacio genéti-
ca de les coves i els avencs de l'illa, s’ha optat per la
utilitzacio d'un criteri semblant a I'adoptat més sovint
en els manuals recents sobre geomorfologia carstica
(FORD & WILLIAMS, 1989; JENNINGS, 1985; SWE-
ETING, 1972; WHITE, 1988). D’aquesta manera,
s'han distingit quatre categories principals basades
sobretot en el context hidrogeologic en el qual s’ha
produit la génesi de les cavitats observades. Les ca-
tegories espeleogenétiques establertes, juntament
amb els tipus de cavitats representats en cadascuna
d’elles, apareixen recollits en la Taula |. Tot seguit
ens ocuparem de glossar per separat el context mor-
fo-hidrogeologic propi de les distintes classes propo-
sades, aixi com de descriure les tipologies d’avencs
o coves que les integren.

AVENCS VADOSOS

Dins aquesta categoria s'inclouran totes les ca-
vitats verticals la formacid inicial de les quals —ila
seva evolucio posterior— hatingut lloc integrament
dins la zona vadosa del carst (denominada també zo-
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abundantia
abundance

in recent handbooks on karstic geomorphology
(FORD & WILLIAMS, 1989; JENNINGS, 1985;
SWEETING, 1972; WHITE, 1988). In this way, four
main categories have been distinguished above all
based on the hydrogeological context in which the
genesis of the observed cavities has been produced.
The established speleogenetic categories, together
with the types of cavities represented in each of them,
are shown in Table |I. We will now comment
separately on the morpho-hydrogeological context
characteristic of the different proposed categories,
describing at the same time the typologies of shafts
or caves that integrate them.

VADOSE SHAFTS

In this category we will include all the vertical
cavities whose initial formation —and their
subsequent evolution— has taken place in the
karstic vadose zone (also calledinfiltration zone ), that
is to say, on the upper part of the limestone massif
(Figure 1), which is presided by a fast vertical flowing
of meteoric waters. In most of the cases, they are



na d'infiltracid); és a dir, a la part superior del massis
calcari (Figura 1), la qual es troba presidida per una
rapida circulacid vertical de les aigdes metedrigues.
En la majoria dels casos, sdn avencs de dissolucid
gue assoleixen amb relativa fregiéncia profunditats
superiors al cenlenar de melres. En aques! primer
gran grup es diferencien les segients tipologies:

dissolution shafts that attain depths of over a hundrad
melres with relative frequency. In this first group we
can distinguish the following lypologies:

Vadose dissolution shafts. |l deals, withoul doubl,
with the most representative type of cavity in the
island, particularly in Sarra de Tramunlana mountain

MALLORCA

seccld Idealltzada
Idealized cross-section

zona fredtica

A ——

Ayencs vadosos — zona freatica . 7
phreatic zone 1 = P
Wi e — phreatic rurrc/.,f: = =y \
Cawves situpdas 3 s 2ona vadosa —ay
F 2 Vankse-leaied coves rd \\
e 0N i S L
7 Coves freatigues costanara actual
—— e S — Plaace caves e ——_ mr'ﬂl_}'ﬂ'ﬂﬁ\' e e a1
4 Coves inomis mining rang
Lirtoeal caves
Fiqura 1!  Representacid esquamatica dals tipus de cavitals pre- Figure 1: Schemalic representation of the cavity lypes present in

sonis a Mallorca, realitzada sobee un perdil ideal da 'illa

1a: avenc de dissolucié vadosa; 1b; avencs d'origen
macanic; 2a: cova clastica; 2b: cova estructural; 3 cova
Irdtica, encara amb activitat hidrelbgica; 3" coves frea-
liques antigues; 4a; cova de la zona de moscla costane-
ra, merdoldgicament molt evoluclonada; 4b: cova carsti-
CO-Mmanna

Avencs de dissolucid vadosa. Es tracta, sense
dubte, del tipus de cavitat més ben representat a
l'illa, en particular a la Serra de Tramuntana. Inclou
tot un variat conjunt d'avencs generats per dissolucid
a la zona vadosa, com a resultat del drenatge en pro-
funditat de les precipitacions. En aguest context ens
trobam des de pelils avencs de lapiaz, fins alguns
avencs de muntanya amb una morfologia gue palesa
una imporlant alimentacio nival, passant per les nom-
broses | majors cavitals verlicals de dissolucia assi-
milables als gouffras d'absorlion —avencs d'absor-
cio— de GEZE (1853).

Aquests darrers avencs estan formats perun o
per varis buits de tendéncia vertical (Figura 2), as-
sentats sobre fractures, els guals unint-se entre si po-
den assolir a Mallorca desnivells propers als dos-

Matorca, oullined an an ldeal cross-section of the Elamndg

Ta, vadoeso dissolulion shall; b, mechanical shalls:
2a: breakdown cavern; 2b: structurally controllad cave;
3: phrealic cava, siill prasenting hydrological activily,;
J0 ancient phreatie caves; 4o coastal mxing-zone cave,
morphologically very evolved, 4b: marine-karstic cave.

range. It includes a varied group of shafts generated
by dissolution in the vadose zane, as a result of the
vertical infiltration of almospheric precipitations. In
this context we encounter from small karren pits to
some mountain shafts with a morphology that proves
an important nival nurture, going through the
numerous and major vertical cavities of dissolution
assimifable to the gouffres d'absortion —absorption
shalts— from GEZE (1853).

These last shalls are formed by one or various
voids of vertical landency (Figure 2), setlled on rock
fractures, which on joining together can allain in
Mallorca a depth of about two hundred metres. Some
of the vertical unities that integrate these cavities form
impressing pits of over 100 metres in depth (Photo 1),
as the case of Avenc des Travessets (Arta), Avenc
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Figura 2: Topografia d'un espectacular exemple d'avenc de dis-
solucid vadosa,

Figure 2: Topographical survey of a speclacular example of
vadose dissolution shaff.

cents metres. Algunes de les unitats verlicals que
integren aquestes cavitats formen impressionants
pous de més de 100 metres de fondaria (Foto 1), com
es el cas de I'Avenc des Travessets (Arta), I"Avenc
Fonda (Pollenga), o 'Avenc d'Escorca, |'Avenc de Fe-
menia i I'Avenc de s'Aigo (tots tres en el municipi
d'Escorca).

Avencs d'origen mecanic. Son avencs de planta
rectilinia | desnivell ocasionalment notable, la génesi
dels quals es veu condicionada pels processos de
distensid mecanica que afecten les elevacions mun-
tanyoses de les serres mallorquines. En unes oca-
sions es tracta d'escletxes paral-leles i moll properes
a grans penya-segats, provocades pel desferrament
gravitacional de la massa rocosa proxima al front de
I'espadal. Serien les fenies de décollemen! —es-
cletxes de desferrament— de RENAULT (1967), o &l
que GEZE (1953) anomena gouffres tectoniques
{avencs tectonics).

En altres casos sdn avencs que, sense estar lli-
gats directament a la preséncia de penya-segats, re-
presenten importants fractures penetrables de
tendéncia subvertical gairebé no retocades pels pro-
cessos de carstificacio. Les cavilats d'aquesles ca-
racteristiqgues abunden en algunes elevacions de la
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Fonda (Pollenga), or Avenc d'Escorca, Avenc de
Femenia and Avenc de s'Aigo (all three in the
Escorca municipality).

Mechanical shafts. They are rectilinear plan
cavities, occasionally with a notable depth, whose
genesis is conditioned by mechanical distension
processes that affect the mountaineous heights of the
Majorean ranges. Sometimes they are parallel
crevices located very near some greal cliffs, provoked
by the gravitational detach of the rocky mass near the
cliff front. They would be the fentes de décollement
—detach crevices— from RENAULT (1967), or the
one that GEZE (1953) calls gouffres tectoniques
(tectonic shafts).

In other cases they are potholes that, without
being bound directly to the presence of cliffs,
represent important penetrable fractures of a
subvertical tendency practically not retouched by
karstification processes. The cavities of these
characteristics are abundant in some heights of Serra
de Tramuntana, such as Mola des Ram situated
between Esporles and Puigpunyent villages. The
most remarkable example of this kind of shafis is
probably Avenc de ses Papallones (TRIAS, 1978),
situated in the municipality of Bunyola, which attains
a depth of -142 metres.

VADOSE-LOCATED CAVES

This kind assembles several types of horizonial
tendency cavities, that have iwo common defining
features: its present morphology prevents from
finding out what the initial voids that originated the
caverns were like, being these ones now integrated in
the vadose zone of the karslic massif. Logically, a
former excavation phase in phreatic conditions of
those primigenial voids cannot be discarded; in this
case it would deal with what BOGLI (1980) rates as
secondary vadose cave, in contrast with the former
category of shafts whose vadose character is totally
primary. Two main types of caves can be
distinguished that assemble the mentioned
characteristic features:

Breakdown caverns. The morphology of these
caverns is completely conditioned by the presence of
great accumulations of blocks, which are the result of
rocky collapses that affect the vaults and walls of the
cavities. These mechanisms are usually called clastic
processes, not very accurately, in the hispanic
speleological bibliography (MONTORIOL-POUS,
1951) corresponding to the term incasion proposed
by BOGLI {1980).

In many Majorcan caves the magnitude of these
phenomena is such, that no remains are left as what
the initial voids —generated throughout the first
excavation phases of the cavity— waere like (Photo 2).
As it has been suggested before, a past phrealic



Fata 1:

L'Avenc de Femenia (Escorca) & un imprassionani
avens vados de dissolucio, localitzat a la Serra de Tra-
muntana mailnrquina. farmal par un aspaclacular pou
de1 20 metres de londarna

Fhata 1:

Avene de Femenia {Escorga) is an impressing vadose
dizgalution shalt. located in Serra de Tramuntana
minintains, inteqgrated by a spactacular pit 120 metrag
oeep,

Serra de Tramuntana, com la Mola des Ram entre les
poblacions d'Esporles i Puigpunyent. L'exemple més
notable d'aquesta classe d'avencs és probablement
I'Avenc de ses Papallones (TRIAS, 1979), situat al
terme municipal de Bunyola, el gual assoleix un des-
mivell vertical de -142 melres.

COVES SITUADES EN LA ZONA VADOSA

Aquesla classe agrupa diversos lipus de cavitals
de tendencia horitzontal, que participen de dos irets
definitoris comuns: la seva morfologia actual impa-
deix eshrinar com eren ls buits inicials que origina-
ren les cavernes, trobant-se aquestes ara per ara in-
legrades en la zona vadosa del massis carstic.
Logicament, no es pot descartar una pretérita fase
d'excavacio en regim frealic d'aquells buils primige-
nis; es lractaria en aquest cas del que BOGLI (1980)
qgualifica de cova vadosa secundaria, en conlraposi-
cia amb 'anlerior categoria d'avencs &l caracter va-
dos de la qual s netament primari. Es poden distin-
gir dos tipus principals de coves que reungixen als
trets caracteristics esmentats:

Coves clastiques. La morfologia d'aquestes caver-
nes es veu del tot condicionada per la preséncia de
grans acumulacions de blocs, els quals s6n el resul-
tat de despreniments rocosos que afecten les voltes
i les parets de les cavitats. Aguests mecanismes es
designen habitualment en la bibliografia espelealogi-
ca hispana sota I'expressio, no gaire aforlunada, de
processos clasties (MONTORIOL-POUS, 1951) co-
rresponent aixi mateix al terme incasion proposat per
BOGLI (1980).

En nombroses coves mallorgquines la magnitud
d'aqueixos fenbmens és lal, gue no resten vesligis de
com eren els buils inicials generats al llarg de les pri-
meres fases d'excavacio de la cavital (Foto 2). Com
ja s'ha insinuat abans, lampoe no gs pol refusar un
preterit origan freatic per a aquestes cavernes, si be
el seu aspecte actual no aporta cap evidencia que sl
recalzi,

origin of these caverns cannot be refused, although
its current aspect does not show any evidence to give
it any support.

The caves thal can be included in this group
prasent in general a subhorizontal tendency and an
outstanding stalagmitic decoralion; in some cases
their chambers attain remarkable tridimensional
magnitudes. The most reprasentative example is
without doubt Cova de sa Campana (Escorca), being
the deepest cavity in Mallorca with a depth of -304
metres, and fn which some of the chambers exceeds
100,000 m? in volume (BARRERES et al., 1876; MIR
& TRIAS, 1973). We also have to mention the
existence of a few shafts, such Avenc de Son Pou
{Santa Maria del Cami), consliluted by spacious
undarground chambers that are accessible by means
of breakdown openings situated in the zenith of the
vaull; these endokarstic forms would correspond to

Folo 2: Aspecte de la sala principal de les Coves Petites (Cap-
depera). Els processos de reajustament mecanic que
afecten las voltas | parets de les covas da l'illa, arriben a
pliminar amb frequiéncia tol vestigh de les fases inicials
d'excavacio de les cavitats.

Photo 2:  Aspact of the maln chamber of Coves Peliles
{Capdaparal. The mechanical readiustmant processss
that attec! ceilings and walls of Majorcan caves oflen ond
up by eliminating all the traces of initial excavalion
phazes of the cavitiss.



Les coves enquadrables dins aquest grup pre-
senten en genaral una trajectoria subhoritzontal i una
decoracio estalagmitica destacable; en alguns casos
les seves sales assoleiken unes magniluds tridimen-
sionalment notories. L'exemple més representatiu és
sense dubte la Cova de sa Campana (Escorca), que
és la cavitat més fonda de Mallorca amb un desnivell
de -304 metres, | en la qual alguna de les sales ultra-
passa els 100.000 m? de volum (BARRERESe! al.,
1976; MIR & TRIAS, 1973). Hem d'esmentar també
I'existéncia d'uns pocs avencs, com I'Avenc de Son
Pou (Santa Maria del Cami), constituits per espaio-
ses sales sublerranies accessibles mitjancant ober-
tures d'esfondrament siluades en el zenit de la volta;
aquestes formes endocéarstiques es correspondrien
amb els gouffres d'effondrement —avencs d'esfon-
drament— de GEZE (1953).

En relacid amb els processos clastics i les mor-
fologies que es deriven de la seva actuacio, conve
al-ludir ara al seglient fet: gairebe totes les tipologies
subterranies que es descriuran més endavant parti-
cipen en major o menor grau dels trets definitoris de|
que hem convingut a denominar coves clastigues. No
obstant aixd, en uns casos la pervivéncia de vestigis
dels buits inicials que originaren les cavitats, o en al-
tres ocasions I'especific del context morfo-hidrologic
actual, permeten que determinades cavernes es pu-
guin adscriure a altres tipus espeleogenétics dotats
d'un contingut molt més concret i diferenciat.

Coves estructurals. Enaguest grup hi entren diver-
ses coves, existents sobretot a la Serra de Tramun-
tana, i que consisteixen en grans sales sublerranies
o successions d amplies cambres proveides d'una
tendéncia general descendent. Les esmentades sa-
les es desenvolupen a favor d'importants disconti-
nuitats estructurals subhoritzontals, com ara algunes
falles o amb més freqlencia plans d'encavalcament.
Aquestes cavitats han estat retocades en major o me-
nor mesura per processos clastics, aixi com per dipo-
sits estalagmitics relativament abundants. Cavernes
com la Cova de ses Meravelles (Bunyola), la Cova
Marella | la Cova de Can Sion {Pollenga) o la Cova de
sa Tossa Alta (Escorca) representen exponents ca-
racteristics d'aguesta tipologia.

COVES FREATIQUES

Encara que no sén massa nombroses, en les dis-
tintes regions carstiques de l'illa hi ha coves que de-
noten una génesi produida per dissolucid en régim
freatic (Foto 3). Ens trobam davant formes de con-
duccid excavades originariament a la banda inferior
del massis carstic, en la qual tots els buits existents
—porositat tant d'origen primari (porus, fractures...)
com secundari (cavitats de dissolucio)— eslan ama-
rats d'aigua de manera permanent. Es la zona freati-
ca, 0 zona de saturaciod, on el drenatge hipogeu s'or-
ganitza en sentit horitzontal, en direccio a les
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the gouffres d'effondrement —breakdown shafts—
from GEZE (1953).

In relation to the breakdown or collapse
processes and the morphologies that derive from
their action, it is convenient to comment on the
following fact: practically all the underground
typologies that will be described subsequently
participate to a certain extent in the defining features
of what we have decided to call breakdown caverns,
However, in some cases the survival of remains of the
initial voids that originated the cavities, or in other
occasions the present specific morpho-hydrological
context, allow certain caverns to be assigned to other
speleogenetic types endowed with a much more
specific and differentiated content.

Structurally controlled caves. Several caves are
included in this group, which are situated specially in
Serra de Tramuntana, and that consist in big
underground chambers or series of wide galleries
provided with a general descendent tendency. The
mentioned chambers develop in favour of important
structural subhorizontal discontinuities, like some
faults or more frequently overthrust planes. These
cavities have been retouched to a cerfain extent by
breakdown processes, as well as by relatively
abundant spelecthem deposits. Caverns such as
Cova de ses Meravelles {(Bunyola), Cova Morella and
Cova de Can Sion (Pollenga) or Cova de sa Tossa
Alta {Escorca) represent typical examples of this
typology.

PHREATIC CAVES

Although they are not very numerous, in different
karstic regions of the island there are caves thal show
a genesis produced by dissolution in the phreatic
zone (Photo 3). We encounter drainage forms
ariginally excavated in the lower pari of the karstic
massif, in which all the voids in existence —porosity
both from a primary origin {pores, fractures...) or

Foto 3: Moriologies de dissolucid en régim freatic, obsarvables a
les galeries de la Cova de Cal Pesso [Pollanga).

Phaoto 3:  Phreatic dissalution morphologies which can be observed
in the galleres of Cova de Cal Pesso (Pollenga).
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surgencies encarregades d'evacuar les aigles que
circulen per l'interior del sistema carstic (Figura 1),

Algunes de les cavilals pertanyenis a aquesta
categoria son encara aclives pel gue fa a la seva fun-
clonalitat hidrologica, | s veusn recorregudes avui en
dia per petiis corrents subterranis perennes. No obs-
tant aixd, la majoria de les vegadas aquasts aparalls
endocarstics han esdevingut desconnectats de |a cir-
culacid subterrania activa, com a consaqiéncia de
I'evolucid geomorfolbgica del sistema carstic, | han
sofert sovint una intensa evolucid morfolégica oco-
rreguda ja en un med| vadds (processos clastics, for-
macio d'espeleclemes...). Dins la classe espeleo-
gengtica qua ens ocupa, es distingiran.

Galeries de drenatge. Es tracla de coves constitui-
des per galeries rectilinies (Figura 3), na gaire rami-
ficades, amb abundants morfologies arrodonides de
dissolucid en regim freatic {cupules, elc). En algunes
ocasions discorren pel seu interior petils rius hipo-
geus, com passa a la Cova de les Rodes (Pollenga)
o ala Cova des Torrent de Cuber (Escorca). En allres
casos son aparells no funcionals —com la Cova des
Mirador (Escorca), la Cova de Canet (Esporles) o la
Cova de Cal Pesso (Pollenga)— que donen comple
de la complexa i dilatada histéria geomorfologica dals
relleus de la Serra de Tramuntana.

Coves laberintigues. Aguest tipus de cavitat, gene-
ralment de dimensions reduides, esta integrat per pe-
tits fragments inaclius de xarxes laberintiques de
conductes, excavats en altra tamps dins la zona inun-
dada del massis carstic. La Cova de Son Burguet
(Puigpunyent) | la Cova d'en Tocahores (Pelra) en
son exemples ben representatius.

Tant en la present tipologia com en I'antarnior,
I'arigen freatic de I'excavacid dels buits primigenis es
del ol evident, malgrat I'ulterior evolucid vadosa ex-
perimentada per les cavitats en qlestio. En ambdas
casos sembla tractar-se d'una génesi freatica poc
profunda, relacionada sovint amb la banda de flue-
tuacio del pla de les aigies sublerrénies, o zona epi-
freatica.

COVES LITORALS

Es aquesta una categoria maolt ben representada
en algunes de les arees carstiques de l'illa, en parti-
cular a la reqgié natural del Migjorn. Hi entren una in-
teressant gamma de coves l'origen i posterior evolu-
cid morfoldgica de les quals estan condicionals,
directament o indirecta, per la proximitat relativa de
la linia de costa. Diterenciarem les dues lipologies
segquents:

Coves de la zona de mescla costanera. Les nom-
broses formes endocarstiques existants en el Miocé
post-orogénic del Sud i del Llevant de Mallorca ofe-
reixen unes caracteristiques peculiars, que han eslal
objecte de bastant atencié des de finals del segle
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secondary (dissolution cavilies)— are soaked with
water permanently. It is the phreatic zone, or
saturalion zone, where the underground drainage is
arranged in a horizontal direction, lowards the springs
in charge of evacuating the waters that llow inside the
karstic system (Figure 1).

Some of the cavities that befong to this catagory
are still active with regard to their hydrelogical
functionality, and nowadays they are traversed by
perennial but little important subterranean streams,
However, most of the times these endokarstic
phenomena have become disconnected from active
undarground flowing, as a resull of the geo-
marphological evalution of the karstic system, and
they have aften undergone an intense morphological
evolution already taken place in a vadose
environment {breakdown processas, speleothem
formation...). Within the spelecgenatic category that
we are dealing with, we can distinguish:

Drainage conduit-caves. They are caves formed by
rechilinear passages (Figure 3), not very ramified, with
abundant rounded solutional features characteristic
of the phreatic zone (cupolas, etc). Sometimes,
subtarranean streams flow inside, as it ocours in
Cova de les Aodes (Follenga) or in Cova des Torrent
de Cuber (Escorca). In other cases they are non
functional features —such as Cova des Mirador
(Escorca), Cova de Canet {Esporias) or Cova de Cal
Fesso (Pollenga)— that reveal the complex and
extensive geomorphological history of the raliefs in
the Serra de Tramuntana area.

Network caves. This kind of cavity, generally of
reduced dimansions, is integrated by small inactive
fragments of labyrinthine conduil networks excavated
in the past inside the flooded part of the karstic
massif. Cova de Son Burguet (Puigpunyent) and
Cova d'en Tocahores (Petra) are vary reprasanialive
examples.

Both in the present and former typology, the
phreatic origin of the initial volds excavation is
absolutely evident, in spite of the later vadose
avolution experienced by these cavilies. Both cases
seem lo deal with a shallow phreatic genesis, often
ralated to thae flucliuation zone of the underground
watar-tabla, or apiphraalic zons.

LITTORAL CAVES

This is a wall-reprasented category in some of
the karstic areas of the island, particularly in the
natural region of Migjorn. We can include an
interesting range of caves whose origin and later
morphological evelution are conditicned, directly or
indirectly, by the relative nearness to the coast line.
We will differentiate the two following typologies:

Coastal mixing-zone caves. The numerous
endokarstic forms existing in the post-orogenic
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Figura 4: Topografia d'una cova tipica del carst litoral que configu-
ra al Migjern de Mallorca. Cal destacar la gran rellevian-
cia dels processos cléstics, aixi com la preséncia de pe-
tits llacs d'aigles salobres an correspondéncia amb
lactual nivell de la mar (Cova des Ponl, Manacor, segons
TRIAS & MIR, 1977).

Figure 4:

Topographical survey of a typical cave from the littoral
karst that constitutes the Migjorn area of Mallerca. The
greal relevance of breakdown procasses must be
emphasized, as well as the presence of small brackish
pools in accardance with the current sea leval (Cova des
Pont, Manacar, after TRIAS & MIR, 1877).
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passat, tal i com ja s'ha esmentat a I'aparlal intro-
ductari.

Recentment s'ha suggerit un model genatic per
a aquestes cavitats (GINES & GINES, 1992) que con-
templa la formacio d'uns buits inicials, generats per
dissolucid en la zona fredtica litoral. Ara per ara esta
ben documentat I'actiu paper geogquimic dels am-
hients frealics coslaners en roques carbonatades,
amhb les conseguents repercussions espeleogengti-
ques i geomarfoligiques que es deriven dels proces-
sos de mescla entre aigies continentals dolces i ai-
gles marines (BACK el al., 1984).

Aqueixes cavitats primigénies han experimenlal
durant el Pleistocé successius esfondraments de les
parets i les voltes (Figura 4), els quals s'alternan i co-
existeixen al llarg del temps amhb intenses fases d'as-
talagmititzacio. La gran rellevancia que prasentan els
processos clastics condiciona gairebé totalment |'a-
parenga actual d'aquest tipus de coves, essent tam-
bé responsable de la seva obertura a 'exterior mit-
jangant enfonsades de vegades bastant vistoses.
L'evolucid més recent d'aquestes cavernas no ha es-
tat aliena a les oscil-lacions glacio-eustatiques de |a
Mediterrania, albergant reompliments molt especifics
{espelectemes lrealics, bretxes ossiferes...) de gran
valor espeleocronologic | paleoclimatic; aixi mateix,
el nivaell actual de la mar determina la preséncia de
llacs subterranis d'aigues salobroses (Foto 4), la su-
perficie dels quals acusa la influgncia de fluctuacions
Menars com ara les mareas.

Les localitats més il-lustratives de la tipologia
descrita es localitzen a les rodalies de Portocristo, en
indrets com Can Frasguet on es conten fins a 14 co-
ves importants —Coves del Pirata, Cova des
Pont...— enuna extensid detan sols 1 km® (TRIAS
& MIR, 1977). Perd, sense dubte, I'exemple para-
digmaétic esla represental per les Coves del Drac, fa-
mosa cova luristica del lerme de Manacor que comp-
la endemes amb una exlensa lileralura espeleclogica
que en fa referéncia (vegeu GINES & GINES, 1992).
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Miocene imestones of the South and East of Mallorca
(Migjorn area) offer some peculiar characterisiics,
which have been the object of a considerable
attention from the end of the last century, as it has
afready been mentioned in the intraductory saction.

Recantly, a genetic model for these cavifies has
been suggestad (GINES & GINES, 1992) that deals
with the formation of some inilial voids, generated by
dissolution in the littoral phrealic zone. At present, the
active geochemical role of the coastal phreatic
environments on carbonated rocks is well-
documented, with the consequent speleogenatic and
geaomorphological repercussions that derive from
mixing processes between fresh continental walers
and sea walers (BACK et al., 1984),

Thase primitive cavities have undergona, during
Plaistocene limes, successive wall and ceiling
collapses (Figure 4), which alternate and co-exist
throughout time wilh intense stalagmitization phases.
The greal imporlance altained by breakdown
processes condifions practically all the present
aspect of this kind of caves, being also responsible for
their opening to the exterior through collapse
entrances that are quite conspicuous in some cases.
The most recent evolution of these caverns has been
affected by the glacio-eustatic oscillations of the
Mediterranean, lodging frequently vary specific
infillings (phreatic speleothems, ossiferous
breccias...) of a great spelecchronological and
paleoclimatic value; besides, the current sea lavel

Folo 4

Un dels nombrosos lacs d'awgios salobroses exsients
an les Coves dal Drac (Manacor), la preséncia dels guals
esta controdada pel nivell mari actual. Es podan observar
alguns exemplars despeleotemnes fredtios corresponents
a paleanivells de la mar Medilerrania.

Fhaia «:

e of (he nemerous brackish poods that exist in Coves
del Drac (Manacor). whose presence is conlrolled by the
prasent sea laval, Soma phreatic spalectham examples
it b absorved which corregpond fo Madiferranaan sea
palecievels.

delermines the presence of underground brackish
pools (Photo 4), whose surface reveals the influence
of minor fluctuations such as tides.

The most illustrative localions of the described
typology are found in the oulskirls of Portocristo, in
places like Can Frasquet where untif 14 importan!
caves can be counted —Coves del Pirata, Cova das
Pont...— in an extension af only 1 km2.(TRIAS &
MIR, 1877). But, no doubt, the paradigmatic example
is represented by Coves del Drac, a famous touristic
show-cave in the municipality of Manacor which has,



Coves carstico-marines. En un medi insular com &l
nostre son baslant abundants les cavilals sublerra-
nies gue tenan l'acces a les proximitals de la linia de
costa. En moltes ocasions es lracta d'aulentiques co-
ves de génesi marina excavades per l'accio erosiva,
majoritariament mecanica, lligada a la dinamica lito-
ral de les aigles marines. Aquests fenomens no ofe-
reixen en si un excessiu interes en relacio a la finali-
tat d'aquest treball, ja que son formes del tot alienes
als processos de carstificacid.

Mo obstant alxd, hi ha una categoria de cavitats
—molt ben representades a Mallorca— de génesien
bona part marina i que a meés mostren un elevat in-
terés geomorfolagic. Es el gue MONTORIOL-POUS
(1971) anomena caplures carstico-marines, les guals
consisteixen en cavernes d'un clar origen carstic
afectades en major o menor grau pels processos
d'erosid costanera. Unes vegades son simplement
coves carstiques amb 'orifici d'accés oberl gracies a
l'actuacio de la dinamica litoral, com és &l cas de la
Cova de na Barxa (Capdepera) o de la Cova de Cala
Faleo (Manacor). En altres ocasions ans trobam da-
vant aparalls endocarstics gairebe desmantallats del
tot per I'evolucio morfologica de la linia de costa (Fo-
to 5); I'espactacular arc de la Cova Marina des Pont
(Manacor) 88 un excel-lent exemple d'aquesta ca-
suistica. Dins les cavitats que reunegixen les caracte-
ristiqgues descrites sovintegen els dipbsits sedimen-
taris, de gran valor espeleccronoldgic, on s'intercalen
gomplexes seqiéncies d'espelectemes juntament
amb bretxes ossiferes | sediments diversos d'origen
mari.

Folo 5:

La Cova Maring des Poni (Menacor) @5 un cas bon clar
de cova carstica galrebd totalment desmanteliada pels
processos d'orosio Costanara

Fhoto 5:

Cowva Marina des Pont (Manacaor) is a clear case of karsho
cave almost lotally dismantied by processes of coastal
Erosni

Conclusio: distribucio
geografica de les categories
espeleogenetiques

Amb la finalitat de sintetitzar al maxim el contin-

gut d'aguestes pagines, s'han conleccional sengles
grafics (Taula |; Figura 1), els quals donen comple de

moreover, an extensive speleological literature
devoted to il (see GINES & GINES, 1992).

Marine-karstic caves. Inaninsular environman! 45
ours, there is an abundance of undarground cavities
that have their entrances fo the proximities of the
coast lina. Vary often, they are genuine marine caves
excavated by erosive action, mostly mechanical,
related to the littoral dynamic of sea walters. These
phenomena do not offer too much interest with regard
to the aim of this work, since they are forms that do
not take any part in karstification processes.

Haowever, there is a category of cavities —wvery
well-represented in Mallorca—  whose genesis is
partially marine and that show a significant
geomorphological interest. It is what MONTORIOL-
POUS {1871) calls karstic-marnine captures, which
consist of cavarns that are clearly karstic in origin bul
affecied to a certain extent by coasfal erosive
processas. Sometimes, they are simply karstic caves
with their entrances opened thanks ta the littaral
dynamic action, such as the case of Cova de na Barxa
(Capdepera) or Cova de Cala Faled (Manacor). Other
times, we encounter endokarstic forms practically
dismantled by the morphological evolution of the
coast line (Photo 5); the spectacufar arch of Cova
Marina des Ponl {Manacor) is an excellent example
of this casuistry. Sedimenlary deposils of a great
speleochronological value are frequent inside the
cavilies that assembla the describad charactarstics,
whare complex speleothem seguances are
intercalated together with ossiferous breccia and
various sediments marine in arigin.

Conclusion:
geographical distribution of
speleogenetic categories

With the purpose of synthasizing the contant of
thesae pages to the utmosl, several diagrams have
been prepared (Table I; Figure 1), which assemble
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les grans categories espeleogenatiques proposades
aixi com de les diferenis tipologies de cavitats gque les
integren.

S'ha aprofitat la Taula | per incloure-hi una valo-
racio relativa sobre el grau de representacio dels dis-
tints tipus de fenémens endocarstics a les principals
regions carstigues de l'illa. En aquest sentit, s'ex-
pressa per a cada tipus de cavitat la seva abundan-
cia significativa o tan sols la preséncia ocasional;
convé consignar que, en elaborar I'esmentada taula,
quan una determinada tipologia és francament rara
dins una area geografica concrela ha estat conside-
rada com a no present en ella.

Les cawvitals carstiques de V'llla de Mallorca
Mallorca island karstic caeilies

Coves hiloraks
Lidfowal caves

Coved freanaues
Pwearic caves

Cavers selizachen.
a L 2 vadores

WVadoseriocatod Caves

Figura 6:  Distribucit de les cavitats carstiquas del conjunt da l'illa
enire les qualre grans calogones espeleogoniiques que
&'han distingit en el text,

Figure & Distribution of karstic cavities of the whole island among
the tour speleageneatic categorias that have been
distinguizhed in the lexl.

Pel que fa a les dimensions del milenar de coves
i avencs coneguts ara per ara, aquestas poden esser
gualificades de modestes: tan sols unes quantes co-
ves superen el quildmetre de desenvolupameant ho-
ritzontal, i la profunditat maxima que assoleixen les
cavilals supera de molt poc els 300 metres de desnivell.

Per acabar aquest treball, exposarem algunes
consideracions sobre la distribucié espacial de les ca-
tegories espelecgengtiques distingides en el text. Les
dades que s'expressaran es refereixen a una pobla-
cit de tres-centes coves | avencs, gue es consideren
representatius tant de les caracleristiqgues morfologi-
ques de les cavitats mallorgquines, com de |la seva
abundancia relativa respecie a la globalital dels feno-
mens subterranis da l'illa.

La Figura 5 palesa el predomini, a nivell del con-
junt de Mallorca, de la categoria que hem denominal
avencs vadosos. Aquesta classe suposa de fat gai-
rebé el 50 % de les localitats estudiades, repartint-sa
la resta de manera bastant equilibrada enire las altres
tres calegories proposades.

La situacid és prou diferent si observam per se-
parat les formes hipogees de les principals regions
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the speleogenetic categories proposed as well as the
different tvpologies of cavities that compose them.

We have made use of Table | in order to include
a relalive assessment on the representation degree
of the different kinds of endokarstic phenomena in
main karstic regions of the island. In this sense, its
significant abundance ar just the occasional presence
have been pointed out for sach type of cavily; it is
conveniant to state that, on elaborating the mentioned
table, when a particular typology is clearly rare in &
specific geographical area it has been considared as
non existent.

With regard to the dimensions of the more than a
thousand of caves and shafts known up till naw, these
can be raled as modest: just a few caves exceed a
kilometre of horizontal extension, and the maximum
dapth that the cavities altain exceeds just over 300
meires,

To complete this work, we will bring forward
soma considerations on the spatial distribution of the
spelecgenetic categorias distinguished in the lext.
The data that will ba maniioned refer o a population
of three hundred caves and shafis, which are
considered representative of both the morphological
characteristics of Majorcan cavities and of their
relative abundance with regard lo the totality of the
underground phenomena in the island.

Figure 5 shows the prevalence. on the whole of
Mallorea, of the category that we have called vadose
shafts. This class involves in fact practically 50 % of
the studied localities, the res! are spread quite evenly
among the three other proposed calegories.

The sftuation is quite different if we observe
separately the subterranean morphologias of tha
main karstic regions of the island {Figure G). While tha
cavities in Serres de Lievant are distributed with
relalive homogeneity among the speleogenetic
groups laken into consideration, in Serra de
Tramuntana a vas! majority of vadose shafts can be
observad followed al a certain distance by the
categories thal assemble both the vadose-located
caves and the phrealic caves. However, the karstic
zone of Migjorn presents a complelely different
endokarst, characterized by the almaost lolal
predominance of the category that we have
distinguished under the name of litftoral caves.



Figura B:

Diztribucid de les calegories espelecgenéligues propo-
sades, dins les tres principals regions carstiques da Ma-
orea. =
Figure &

Distribution of the proposed speleagenalic catagories. in
the threa main karsiic regions of Mallorea
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carstiquas de l'illa (Figura 6). Menlre les cavilals de
les Serres de Llevant es distribueixen amb relaliva
homogeneitat entre els grans grups espelaogenetics
considerats, a la Serra de Tramuntana es constata un
aclaparadora majoria d'avencs vadosos seguits, a
bastant distancia, de les categaries que agrupen tant
les coves situades en la zona vadosa com les coves
fredtigues. La zona carstica del Migjorn presenia en
canvi un endocarst radicalment distint, caracteritzat
pel predomini quasi total de la categoria que hem dis-
lingit sola el terme de coves litorals.

Agraiment

Aquest treball forma part del projacte d'investi-
gacid de la DGICYT nimaero PB24-1175.
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ELS ESPELEOTEMES DE LES COVES
DE MALLORCA

THE SPELEOTHEMS OF MAJORCAN CAVES

Angel GINES ' @

Resum

Les coves de Mallorca sdn ben conegudes per la bellesa i abundancia d'espelectemes
que es lroben en el seu interior, A més de I'atractiv escénic nolable que mostren els habi-
tuals conjunis d'estalactites, estalagmites i colades, una gran varietat de classes d'espe-
lectemes estan representals en els més d'un milanar d'avencs | coves catalogais avui dia
en Mallorca. Estalaclites excéntriques, halictites, escuts, gours | diversas formacions bo-
trioidals, son fregients en algunes cavitals. La Immeansa majoria dels espelactemas ma-
llorquins s6n de calcila i, lan sols ocasionalment, d'aragonita. Fins ara, els principals estu-
dis mineralogics | petrolégics s'han localitzat en els destacables espelentemas fraatics que
caracteritzen nombroses coves coslaneres de la meitat oriental de I'flla

Abstract

Majorcan caves are famous far the beauty and abundance of spefeothems they
contain, The more than one thousand caves and shafis up-to-dale catalogued in Mallorca
offer an aftractive sublerranean landscape of stalactites, stalagmites and flowslones, as well
as a greal variely of other kinds of speleothems. Some of tha cavas fraquently contain
eccaniric slalaciites, helicliles, shields, imstone dams and saveral bolryaidal wall and floor
growings. Most Majorcan speleothems are of caleite and cccastonally of aragonita. To date,
the main mineralogical and pelrological studies have focused on tha remarkable phrealic
spalaothems characlerising many coaslal caves from the eastern part of tha island.

Introduccio

Des que els primers llibres de viatges comenga-
ren a descriure, en el segle X1X, la bellesa dels pai-
satges subterranis mallorguins, les formacions esta-
lagmitiques que decoren les Coves d'Arta i les Coves
del Drac han anat assolint un just renom. Nombrosos
gravats i il-lustracions, que complementaven aguelles
publicacions pre-espeleclogigues i al mateix temps
pre-turistiques, mostraven formosos conjunts d'esta-
lactites, estalagmites, columnes i colades estalagmi-
tiques, A aquestes variades formacions que decoren
l'interior de les coves, | qua astan consliluides en la
seva major part per cristal-litzacions de carbonat cal-
cle, se les denomina cientificament espeleotames en
les publicacions internacionals especialitzades.

1 Grup Espeleciégic EST. Palma de Mallorca
2 Muszau Balear de Cibncies Naturals. Cira Paima - Port de Sdller
km 30, E-OF100 Sdller (Mallorca).

Introduction

Since the first traveller books described in the
nineteenth century the beauty of the subterranean
landscapes of Mallorca, the stalagmitic decorations
from Coves d'Arta and Coves del Drac have reached
a deserved fame. Plenty of drawings and Wlustrations
included in those pre-speleologic —and also pre-
touristic— publications showed beautiful sets of
stalactites, stalagmites, columns and flowstones. All
these stone decorations prasent inside the caves and
composed mainly by caleium carbonate crystal-
lizations are scientifically designated as spelecthems
in the international specialised publications.

The richness of speleothems which contributed
lo increase the prestige of the first Majorcan caves
that were visited by tourists, was later enhanced
when Coves del Pirala, Coves des Hams, Coves de
Campane! and Coves de Génova were discoverad.
This fact showed 1o whal extent the geo-climatic
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La riguesa d'espelectemes, que havia contribuit
al prestigi de les primeres coves mallorquines adap-
tades per a la visita turistica, s'amplia en descobrir-
se les Coves del Pirata, les Coves des Hams, les Co-
ves de Campanet i les Coves de Génova. Aquest fet
posava de manifes! I'existéncia d'unes condicions
geo-climatiques idonies per al creixement d'una gran
varietat | abundancia d'espeleoctemes en els carsts de
Mallorea.

En I'actualitat, gracies a les exploracions gue
s'han realitzat en els darrers cinguanta anys, es pot
afirmar gque I'abundancia d'espelectemes és un feno-
men general a les coves de ['illa. El desenvolupament
de 'espeleologia a Mallorca ha permeés aixi de reunir
gran guantitat de dades descriptives | fotografigues.
Mo obstant, encara es troben a faltar estudis petrolo-
gics | mineralbgics detallats, amb I'excepcio d'algu-
nes investigacions puntuals que concerneixen fona-
mentalment als espelectemes freatics costaners.

Mineralogia i tipologia dels
espeleotemes mallorquins

Les coves de Mallorca, segons els coneixements
disponibles, alberguen un exigu grup d'espécies mine-
rals. La composicio litologica de I'illa és poc variada i les
rogues carbonatades que han estat objecte de carstifi-
cacid es caracteritzen per |la seva puresa. Les minera-
litzacions d'dxids i sulfurs metal-lics son escasses, i es
traben endemes localitzades a roques poc O gens cars-
tificables. Per aixo és la calcita, amb molt d'avantatge,
el mineral predominant a les cavitats mallorguines. En
segon lloc s’ha de citar la preséncia d'aragonita, for-
mant part d'espelectemes freatics i de petites cristal.lit-
zacions parietals. Tambeé s'han citat escasses cris-
tal-litzacions de guix, perd no s’han identificat d'altres
minerals. Tanmateix és precis reconéixer que encara
falta realitzar una prospeccio mineral exhaustiva.

Pel contrari, I'endocarst de Mallorca conteé una ri-
ca varietat d'espelectemes. Es dificil d'establir una
classificacio satisfactoria dels distints tipus d'espe-
leotemes de carbonat calcie, la majoria dels quals es-
tan representats a les coves de l'illa. Els eriteris for-
mulats per SWEETING (1972), WHITE (1976), HILL
& FORTI (1986) i ZHU (1988) permeten de diterenciar
els seguents tipus genétics: espeleotemes de dego-
teig, espeleoctemes de flux, espeleotemes de iras-
puament, espeleotemes subaqualics i espeleotemes
mixtos. Se'n poden trobar bons exemples de tols ells
en el context del carst mallorgui.

La distincio meés evident entre els principals tipus
d'espeleotemes que existeixen, radica en si la direc-
cio de creixement de 'espelectema esta controlada
per la gravetat o si el creixement és més velog en al-
tres direccions determinades per condicionants mi-
nerals i cristal-lografics. WHITE (1976) suggereix els
termes gravitomorfic | erratic per a ambdues classes
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conditions of Mallorca are highly suitable for the
growth of such great variety and quantity of
speleothems inside its karsts.

Nowadays, thanks to the explorations carried oul
in the last fifty years, it can be assured that the
abundance of spelecthems is a general phenomena
in caves of the Balearic islands. Therefore, the
development of the speleology in Mallorca has
allowed a greal amount of descriptive and
photographic data. However, detailed petrologic and
mineralogical studies are still scanty, with the
exception of some punciual research centered mainly
in the phreatic coastal speleathems.

Mineralogy and typology
of the Majorcan speleothems

The caves of Mallorca, as far as it is known
today, contain a scarce group of mineral species. The
lithologic composition of the island is hardly varied
and the karstified carbonaie rocks are characterized
by their purity. The oxides and metal sulphides
mineralizations are scanty, being only present in non-
karstifiable rocks. Thus, calcite is farly the
predeminant mineral in the Majorcan cavilies.
Secondly, the aragonite as a companent of phreatic
speleothems and small cave wall cryslallizations
must be quoted. Scanty quantities of gypsum
erystallizations have been found too, although other
minerals cowld nof be identified. Nevertheless, it must
be assumed that no exhaustive mineral prospection
has been yet done.

On the contrary, the endokarst of Mallorca
contains a great variety of speleothems regarding
their shapes. A satisfactory classification of the
different kinds of calcium carbonate speleothems,
mast of which are well-represented inside the island
caves, remains a difficult task. The criteria given by
SWEETING (1972), WHITE {1976), HILL & FORTI
(1986) and ZHU (1988) permit to differenciate the
following generic types: dripping water spelecthems,
flowing water speleothems, seeping water
speleothems, subagueous speleothems and mixed
speleothems. Good examples of all of them can be
found in the Majorcan karst context.

The most obvious distinction among the main
types of speleothems stems from whether the
speleothems growth direction is controlled by gravity
or such growth is quicker in other direction determined
by mineral and crystallographic conditionants. WHITE
(1976) suggests the lerms gravitomorphic and erratic,
respectively. The erralic speleothems are approx-
imately equivalent to those related to seepage, which
are likewise controlled by capillarity phenomena. Both
the genetic and the strictly morphological classification
present their pros and cons. In this case, due to the
divulgative character of this paper, the more usual



d'espelectemes. Els espelectemes erratics coinci-
deixen aproximadament amb els espelectemes for-
mats per aiglies traspuanis, que a la vegada estan
controlades par fendmens de capil-laritat. Tant els in-
tents de classificacions geneliques com |es estricta-
ment morfolégiquas tenen als seus avantalges i als
seus inconvenients. En aquest cas, per mor del
caracter divulgatiu d'aguesta revisio, es mantindran
els termes descriptius més usuals situant-los dins
d'un vague marc genétic.

Estalactites, estalagmites
i columnes

Els espeleotemes més comuns formats per ai-
gles de degoteig son les estalactites i les estalagmi-
tes. Es tracta d'espelectemes extraordinariament
abundanis a la majoria de les cavernes de Mallorca.

La seva génesi és ben coneguda, i esta implicita
en |'etimologia d'ambdds termes: stalaktos significa
deqgoteig | stalagmatos significa liquid filtrat gota a go-
ta. L'aigua, que arriba al solil de la cova després de
recorrer les fissures de la roca, roman suspesa en for-
ma de gota durant un curl espai de lemps abans de
caure en terra. Mentre la gota esta penjant del solil es
produeix una pérdua de dioxid de carboni cap a |'al-
maosfera de la cova, per la qual cosa precipita una pa-
tita quantitat de calcita que va construint un anall al
voltant de la gota (formani-se estalachites). Quan
aquesta cau al 50l de la cova continua el despreni-
menl de dibxid de carboni | la deposicid de carbonat
caleic (formant-se estalagmites), fins que cessa la so-
bresaturacia.

Foto 1;

Eslalactites amb abundants excénirigues i heliclites, en
els sdtils da les Coves dal Drac (lote cortesia de Cuavas
del Drach S.A.).

Photo 1:

Stalactites showing numarous accantrics and helictites,
on the comngs af Coves del Drac (photo by courlasy of
Cuevas del Drach 5.4,).

descriptive terms within a vague genetic frame will be
mainiainad.

Stalactites, stalagmites
and columns

The more commeon speleothems produced by
dripping walers are the stalactites and the
slalagmiles. They are extraordinarily abundant inside
most of the Majorcan caverns.

Their genesis is well-known and il is clearly
implicit in their etymology: stalaklas meaning
dripping and stalagmatos standing for a liquid fillered
drop by drop. So, the water that reaches the cave
ceiling after running through the rock fissures ramains
suspended as a drop for a short time, bafora if falls
down to the floor. While the drop is hanging, a loss of
carbon dioxide towards the cave atmosphere (s
produced, so that a small quantity af calcite
precipitates, building then a ring around the drop
which will become a stalactite. When the drop falls on
the cave floor the carbon dioxide detachment as well
as the subsequen! calcium carbonate deposition go
on forming stalagmites, {ill the chemical over-
saturation stops.

Some of the mos! impressive stalactitic
assemblages are hanging from the Coves del Drac
ceiling (Photo 1), although stalaciites are so frequent
inside the island caves and shafls that a selaction of
the most outstanding places becomes a difficult task.
The caves from the seaccast of Manacor (upper
Miocene calcarenites) contain the best stalactitic
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Alguns dels mes impressionants grups d'esta-
lactites es troben en &ls sotils de les Coves del Drac
(Foto 1), encara que les estalactites son tan reglents
ales cavitats de l'illa que resulta dificil seleccionar les
localitats més destacables. Les cavitats de la Marina
de Manacor (calcarenites del Miocé superior) conte-
nen els millors conjunis estalagmitics quant a nombre
i a densitat d'individus (FOURMARIER, 1928), perd
les estalactites de major mida es localitzen a coves
desenvolupades a calcaries mesozdiques. Las esta-
lactiles mes simples, constituides per tubs malt fins
d'azpecte fistulds, sdn abundants a la majoria de les
covaes,

Les banderes i draperies s0n espelectemes gue
pengen del solil | que, a pesar de |a seva aparenga
estalactitica, tenen un origen mixt, Es formen a parels
o sbtils inclinats pels quals discorren primas linies
d'aigua a favor del pendent. S4n comunes a les co-
vies de Mallorca.

Els principals boscos d'estalagmites son els de
la Cova des Pas de Vallgornera, els de la Cova de
Son Berenguer i els que ocupen varis sectors de les
Coves del Drac. De tota manera, quasi totes les cavi-
tats mallorquines conlenen estalagmites, de diferents
maorfologies i tamanys (Foto 2). Algunes de les millors
estalagmites en forma de cipula es troben a la Cova
de sa Campana i a la Cova de Cornavagues. Proba-
blement es podria establir una certa correlacio enlre
pluviometria i tipologia de les estalagmites, pero es
un treball que encara no s5'ha emprés.

Com gue les columnes no s6n més que el resul-
tat del creixement d'estalactites | estalagmites, que
acaben connectant entre si, son també espelectemes
bastant abundants. Entre els millors grups de colum-
nes es poden citar els que decoren les primeres sa-
les de les Coves d'Arta.

Colades parietals i
pavimentaries

Cuan les aighes d'infiltracio s'escorren per las
parets o pel 5ol de les coves, mantenint-se sobresa-
turades al llarg del seu recorregut, donen lioc a un
conjunt d'espelectemes gque es denominen colades
(Foto 3). El seu creixement es realitza a partir del flux
de petits corrents d'aigua que es generen freqlent-
ment al peu de formacions estalagmitiques o a llocs
on es van col-lectant aigles de degoteig. L'orientacio
dels cristalls és perpendicular a la superficie de crei-
xement de la colada, per la qual cosa la seva estruc-
tura interna presenta unes bandes caracteristiques
que permeten d'efectuar interpretacions estratigrafi-
ques. Les colades parielals solen presentar morfolo-
gies mimeliques gue semblen arbres, cascades i or-
gues, per la qual cosa constitueixen slements
fonamentals en la decoracio de les coves turistiques.
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groups both in number and density of individuals
(FOURMARIER, 18925}, but the bigges! stalactites are
placed in those caves developad within Mesozoic
massive limestone rocks. The simple stalactites or
«s0da straws=, constituted by very thin fistula-like
lubes, are abundant in most caves.

The flags and draperies are also dangling
speleothems and, even if hanging from the ceilings,
thay are not sirictly stalactitic but of mixed origin.
They are formed an walls or steep ceilings where thin
water lines flow downwards, and are rather common
inside the caves of Mallorca,

The main farests of stalagmiles are thosa inside
Cova des Pas de Vallgornera, Cova de Son
Berenguer as well as several areas from Coves dal
Drac. In any case, almost every Majorean cavily has
different sizes and abundant merphologies of
slalagmites (Photo 2). Some of the best dome-like
stalagmiles are localed in Cova de sa Campana and

Fota 2: Estalagmita da la Cova Nova de Son Liuis (Porreres).
Una ressenya de laxplaracid d'aquasta cova fou publi-
cada —I'any 1838— per "esoriptor | arudit mallorgui
Joaquim M. Bover, 8n un opuscle gue pol ésser conside-
rat com la primera publicacid espalacibpica sobra 'illa de
Mallorca.

Photo 2:  Stalegmile from Cova Nova de Bon Liufs (Porrores) In
1839 tha Maforcan wriler and scholar Joaguim M. Bover
published an article about the axplaration of this cave,
that may be considered as the lis! spolealogical paper on
Mallarea,



A Mallorca aquests espeleotemes sén molt
abundants. Destaquen pel seu valor ornamental les
colades de les Coves del Drac i de les Coves de
Campanet. A moltes cavitats es troben colades pa-
vimentaries de gran poténcia que mereixerien es-
ludis espeleocronologics detallats. Amb freqléncia
les colades recobreixen amuntegaments de blocs
inestables, per la qual cosa es produeixen feno-
mens d'assentament | de solifluxid gue impliguen a
vegades desplacaments de varis melres. Aquest és
el cas de les Coves del Pirata, on s'observen co-
lumnes xapades, eslalagmiles basculades i profun-
des clivelles en el substral de blocs i colades (LLO-
PIS-LLADO & THOMAS-CASAJUANA, 1948;
GIMES & GINES, 1976).

Fato 3: Colada astalagmitica amb microgours, en la galaria prin-
cipal do la Gova des Estudiants (Sdllar)

Photo 3:  Stalagmitic lowstone wilh microgours in the main
pazzage of Cova des Estudiants (Sdller).

Estalactites excentriques,
helictites i escuts
Als sdtils de les coves molts d'espeleotemes crei-

xen en direccions erratiques | aparentment a I'atzar.
WHITE (1976) explica la formacié d'estalactites

Cova de Cornavaques. Probably, a cerlain slalislical
correlation between the pluviomeatry of the cave
locality and the dominant stalagmite typology could
be established, but this work is still to be underlaken.

As the columns are just the resull of the union of
stalactites and stalagmites they are quile abundan!
foo. Among the bast columns sats wa could quote the
ones from the first chambers of Coves d'Arfa.

Parietal and paving flowstones

When infiltration waters run on the walls or over
the floor of the caves, remaining oversaturated along
their way, they produce a set of speleothems named
llowstones {Photo 3). Their growth originates from the
flow of small water currents frequently generaled atl
the fool of slalagmiles or where the dripping waters
ara collectad. The crystal orienlation is perpendicular
to the flowstone growing surface, so that its internal
structure shows a characiaristical layaring which
permits good siratigraphic interpratations. The
parietal or wall covering flowstones usually have
mimetic features resembling organ pipes, trees and
cascades, thus constituting important elements of
decoration inside the touristic show caves.

In Mallorca this kind of speleathems is very
common. The flowstones from Coves del Drac and
Coves de Campanet could be highlighted far their
ornamantal value. In many cavities can be found
paving flowstonas of high thickness and, in some
cases, a delailed speleochronological study of them
would be worthy. Often, flowstonas covar unstable
block pile-ups, being affected by subsidence
movements and solifluction phenomena in the
ground-floor that sometimes cause a displacemant of
a few meters. This is the case of Coves del Firata,
where broken columns, tilted stalagmites and deep
cracks affecting the substratum of boulders and
flowstones can be observed (LLOPIS-LLADC &
THOMAS-CASAJUANA, 1948; GINES & GINES,
1976).

Eccentric speleothems,
helictites and shields

At the cave ceilings many spelacthems grow in
an erratic way and apparantly at random direciions.
WHITE {1976} explains the eccentric stalactites as
the result of the predominance of the crystal growing
strengths over the hydrauwlic ones that act vertically
faveured by gravity. Almost every researcher agrees
that the farmation of erratic spelecthems requires a
water supply so meagre as to prevent the formation of
drops. However, the specific genetic mechanisms
invelved as well as the different morphologies
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excéntrigues com el resultat del predomini de les for-
ces de creixement dels cristalls sobre les forces
hidrauliques que actuen verticalment a favor de la
gravetat. Quasi tots els investigadors coincideixen
gue la generacio d'espeleotemes erratics requeraix
gue el flux d'aigua sigui suficientment escas com per
impedir la formacio de gotes. No obstant, els meca-
nismes genétics concrets que intervenen i les dife-
rents morfologies que es produeixen dificulten qual-
sevol intent de sistematitzar breument aguesta classe
d'espelectames.

Les estalactites excéntriques son camuneas a les
coves de Mallorca (Folo 1), destacant les espectacu-
lars formacions de les Coves des Hams. MIR &
TRIAS (1973) descriuen les grans estalactites excen-
triques de la Cova de sa Campana i, per altra part,
son nombroses les localitats que posseeixen diver-
sos tipus d'aquestes cristal-litzacions. La terminolo-
gia que s'utilitza tendeix a ser confusa a causa de la
complexitat morfolégica i textural que presenten. Sdén
fregients a les coves mallorquines les petites excén-
trigues corbades | sinuoses, que es denominen he-
fictites a la bibliografia especialilzada.

Altres espeleotemes estalactitics destacables
son els esculs o discos, que creixen a partir de peti-
tes aportacions fissurals formant curioses estructures
concéntriques. Es troben ocasionalment a les coves
de Mallorca, d'entre les guals les Coves d'Arta son
les que contenen els millors exemplars.

Espeleotemes generats
per aigiies de percolacié
i formacions botrioidals

Les aigles de percolacio que traspuen molt len-
tameant a través dels petits porus i intersticis de les
parets son les causants d'un conjunt d'espeleotemes
caracteristics. A causa de les condicions locals de
parositat de la roca i a la influéncia de factors micro-
climatics aquests espeleoclemes poden mostrar una
gran complexitat. La interferéncia d'altres processos,
incloent-hi el flux per capil-laritat i els esquitxos
d'aigua de degoteig, pot contribuir a complicar-ne en-
cara més la génesi. Alguns autors suggereixen que
minuscules polvaritzacions poder ser atrapades pels
vértexs de certes formacions, col-laborant en el seu
creixement.

Els espelectemes generats per aiglies de perco-
lacid son relativament freqlents a les coves i avencs
de Mallorca, encara gue els tipus amb exemplars més
destacables, com els finament ramificats que aparei-
xen a la Cova de Garrafa, al Bufador de Sollerico ala
Cova des Mirador, nomeés es troben de manera oca-
sional. Alguns d'ells, denominats espeleotemeas bo-
trinidals, es presenten com a protuberancies globu-
lars i llises, aillades o arraimades | d'aspecte
coral-loide; formes d'aquest tipus creixen a les parets
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produced make it difficult to elaborate a brief
classification of these types of speleothems.

The eccentric stalactites are common in
Majorcan caves (Photo 1), being oulstanding the
spectacular formations from Coves des Hams. MIR &
TRIAS {1973) described huge eccentric stalactites
from Cova de sa Campana. Apart from those caves,
there are a lot of places where such crystallization
forms can be found. The terminology used tends o be
confusing due to the morphological and textural
complexity of these features. In Mallorca there are
frequently found small eccentric speleothems curved
and winding, designated as helictites in the
specialized bibliography.

The shields or discs are other remarkable
stalactitic speleothems which grow from tiny fissural
supplies and form oval or circular concenlric
structures that are occasionally found in the Majorcan
caves; as the outstanding examples from Coves
d'Arta.

Speleothems generated
by seeping waters
and botryoidal forms

The seeping water that percolales very slowly
through the narrow pores and microfissures of the
cave walls produces a set of characteristic
speleothems. As a consequence of the local
conditions of rock porosity and due to the influence of
microclimatic factors these speleothems can get to be
highly complex. The interference of other processes,
including the sliding of thin water layers and the
dripping water splash, can easily contribute to make
the genesis even more complicaled. Some authors
suggest that minute aerosol particles could be
trapped by the small sharp peints of certain
formations, thus accelerating their growth.

The spelecthems generafed by seepage walers
are relatively frequent within the caves and shafts of
Mallorca. However, the bes! represented types as
those finely ramified coralloids from Cova de Garrafa,
Bufador de Solleric or Cova des Mirador are just
occasionally found. Some of them, named botryoidal
speleothems, happen to be rather branched globular
and smooth protuberances, isolated or clustered as
grapefruit; this kind of knobstone grows on the walls
and floors of Coves de Génova. Others, normally
associated to air circulation, produce coarse and
irreqular coatings that align themselves in almost
horizontal bands on the walls of some caves. This
anemolithic features are rather rare in Mallorca, but
good examples can yet be seen in Avenc de Fra Rafel
and in Cova de sa Campana.



i als sols de les Coves de Génova. D'altres, associa-
des generalment amb circulacions d'aire, produeixen
recobriments aspres i irregulars que es disposen en
bandes quasi horitzontals sobre les parels d'algunes
cavitats. Aguestes formacions anemolitiques son ra-
res a Mallorca, perd n'hi ha bons exemples a I'Avenc
de Fra Rafel i a la Cova de sa Campana.

Gours i espeleotemes
subaquatics

Els gours son espeleotemes concaus gue pos-
segixen una parel subvertical, o extraplomada a con-
trapendent, on es pot embassar l'aigua que flueix
amb lentitud sobre el paviment de les coves. Les se-
ves dimensions son extremadament diverses, ja que
abracen des de minusculs microgours de a penas un
centimetre de longitud fins a gours gegants que ami-
den varis metres. En el seu interior, el fons i les pa-
rets apareixen recoberts per espelectemes sub-
aguatics d'aspecte coral-loide, i amb freqiéncia
s'observen acumulacions de calcita flotant. El crei-
xement en volum dels gours es produeix a partir del
nivell en qué I'aigua vessa, ja que I'emissio de dioxid
de carboni es veu potenciada a la vorera per on cau
I'aigua amb la qual cosa aquesta augmenia progres-
sivament la seva altura. Mentrestant, si les aiglies
que s'estanquen al gour estan molt sobresaturades
de bicarbonat calcic, la concavitat tendeix a farcir-se
de cristal-litzacions subagquatiques.

Malts de gours estan associats amb la formacia i
desenvolupament de colades pavimentaries. El flux
de primes lamines d'aigua i les oscil-lacions del regim
amb qué aguestes circulen sobre la superficie de les
colades sdn factors determinants per a la seva for-
macid (BATLLE, 1973). Tambeé es poden engendrar
gours en el llit de rius subterranis i fins | tol a I'exte-
rior, sempre que l'aigua circulant estigui sobresalu-
rada. Els gours s6n espeleotemes comuns a Mallor-
ca, tant a les coves | avencs de la Serra de
Tramuntana com a les cavernes de la comarca del
Migjorn. En tots els casos es tracla d'espelectemes
pavimentaris que recobreixen colades o petites de-
pressions on s'acumula aigua de degoteig i d'esco-
rrentia. Excel-lents exemples de gours es poden ob-
servar a la Cova de sa Campana i a la Cova de Can
Sion.

Les cristal-litzacions subaquatiques es caracte-
ritzen per presentar superficies rugases, amb cares
cristal-lines prominents que maostren cristalls de cal-
cita ben desenvolupats. El seu creixement es realitza
per davall del nivell que ocupen localment les aigies
i @n condicions de sobresaturacio que provogquen la
precipitacio del carbonat calcic. A les coves mallor-
guines sén espeleotemes ocasicnals, donat que
d'una manera quasi exclusiva estan localitzats a I'in-
terior de gours (si s'excepluen els espeleotemes frea-

Rimstone dams and
subaqueous speleothems

The rimstone dams or gours are concave
speleothems showing a subvertical wall that
frequently overhangs against the slope direction,
where the water that flows slowly on the pavement of
the caves can be retained. They can be of an
extremely wide range of dimensions: from minute
microgours of hardly one centimeter long te gigantic
gours of several melters. Inside the gours, on their
bottom and walls, there are covers of subaqueous
speleothems of coralloidal appearance, and also
accumulations of calcite rafts are often found. The
growth in volume of the gours is produced from the
water overflowing level, as the carbon dioxide
detachment is enhanced in the rim of the dam which
height, thus, becomes progressively bigger.
Meanwhile, if the waters refained inside the rimstone
dam are oversaturated in calcium bicarbonate the
concavily tends lo be filled with subaqueous
crystallizations.

Many rimstone dams are associated to the
growth of flowstone over the cave floors. The running
of thin water sheeis and their oscillating pufses upon
the flowstone surface are in the end determinant for
the formation of rimstone dams (BATLLE, 1973).
Moreover, the gours can be originated on the bottom
of subtaerranean streams and even in exokarstic
rivers, provided that the circulating waters are
oversaturated. The rimstone dams are quite commaon
in Mallorea not only within the caves and shafis of the
Serra de Tramuntana mountains but also in the
caverns of the Migjorn region. All of them are paving
speleothems that cover flowstones or small
depressions where dripping and trickles of cave
waters accumulate. In Cova de sa Campana and
Cova de Can Sion excellent examples of rimstone
dams can be observed.

The subagueous crystallizations are characler-
ized by rough surfaces with prominent crystalline
faces showing well-developed calcite crysials. Their
growth takes place below the water level and under
the oversaturation conditions that provoke the
calcium carbonate precipitation. In Majorcan caves
they are just occasional speleothems (with the
exception of the coastal phrealic ones) as they are
nearly always located inside rimsfone dams. The
subaqueous speleothems are very beautiful despite
their small size.

The pisolithic concretions are an interesting kind
of subaqualic speleothems, just occasionally found in
Mallorca. There are some papers written on them,
being noteworthy that by AUROUX (1985).
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tics costaners). Es tracta d'espeleotemes de gran be-
llesa, pero les dimensions dels quals son petites.

Una interessant varietat d'espeleotemes sub-
aquatics sén les concrecions pisolitiques, que nomeés
ocasionalment es troben a Mallorca. Han estat ob-
jecte d’alguns estudis, entre els que destaca el
d’AURQUX (1985).

Cristal-litzacions freatiques
costaneres

Les arees carstiques litorals de I'illa de Mallorca
contenen nombroses coves gque estan parcialment
inundades per aigles freatiques salobres. Es tracta
d'un medi freatic litoral, controlat pel nivell mari, on es
registren fluctuacions periddiques del pla de les
aigles d'una manera compassada amb les oscil-la-
cions que experimenta la superficie de la mar. La
inundacio parcial d'aquestes cavernes costaneres
crea llacs subterranis que poden assolir dimensions
notables, com succeeix amb el Liac Miramar de les
Coves del Drac.

Una considerable varietat d'espeleotemes sub-
aquatics apareix associada amb aquest ambient geo-
quimic singular (GINES & GINES, 1974) (Foto 4).
Son comunes les cristal-litzacions freatiques de cal-
cita i aragonita situades per damunt dels actuals llacs
salobres (POMAR et al., 1976; GINES et al., 1981). A
les bandes horitzontals, que aquests espeleotemes
conformen, hi queden registrades les cotes d'ante-
riors nivells d'estabilitzacid del nivell mari correspo-
nents a etapes interglacials (GINES & GINES, 1974).
També s'observa amb freqUéncia la formacio de cal-
cita flotant sobre la superficie dels llacs (POMAR et
al., 1975), aixi com la presencia d'engrossiments ca-
racteristics entorn d’estalactites o d’'estalagmites si-
tuades dins de la banda de fluctuacio actual del pla
de les aiglies (POMAR et al., 1979). Aquests feno-
mens de deposicio de carbonats pareixen haver es-
tat bastant comuns des del Pleistocé mitja fins a I'ac-
tualitat i estan essent objecte de datacions i d’estudis
petrologics detallats (Foto 5).
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Fota 4: Vista d'un sector de la Cova de sa Bassa Blanca (Alcu-
dia); es tracta d'una important cavitat costanera en la que
abunden els espeleotemes, tant freatics com subaeris.

Photo 4:  View of a chamber from Cova de sa Bassa Blanca
{Alcudia), a littoral karstic cave where both phreatic and
aerial speleothems are remarkably abundant.

Coastal phreatic crystallizations

The littoral karstic areas of Mallorca present
many caves partially drowned by brackish waters.
This happens to be a coastal phreatic environment
controlled by the sea level where periodical water

Foto 5:

Seccio transversal d'unes estalactites amb sobrecreixe-
ments freatics, corresponents a un paleonivell mari en-
registrat en la localitat costanera de la Cova de sa Bassa
Blanca (Alcudia). Datacions realitzades sobre un frag-
ment d'aquesta mostra han proporcionat edats superiors
als 350.000 anys.

Photo 5:

Transversal section of stalaclites with phreatic
overgrowths, corresponding to a sea paleolevel recorded
inside the coastal locality of Cova de sa Bassa Blanca
(Alcudia). Datings carried out on a fragment of this
sample have shown ages over 350.000 years.



A grans trets, les cristal-litzacions lreatliques cos-
taneres presenten una aparenca semblant a les d'al-
tres espeleolemes subaqualics, pero |8 seva vanetat
morfologica i textural as notable. POMAR &t al.
(1976) las classiliquan en tres tipus: [lises, rugosas |
angulosas; estant constituides les primeres d'elles
per aragonita (Foto 8) | les restants per calcita.

Folo 8: Conjunt d'espelectemes frealics d'aragoniia, que reco-
breixen als s5tils de la Cova da £a Bassa Blanca (Alci-
dial a una algada aproximada do 8 melres por damunt do
actual nivell marn.

Photo 6:  Assemblages of aragomle phreahe speleothems
covering the cellings of Cova de sa Bassa Blanca
(Alzidial, approximataly & matars above the curreni sea
faval.

La majoria de les cristal-litzacions freatiquas for-
men sobrecreixements d'aspecie boterut al voltant
d'alires espelectemas presxistents, com als que as
poden observar a les Coves del Drac o a la Cova das
Pont, En molts de casos, especialmeant quan el reco-
briment es desenvolupa sobra estalactites, les mor-
fologies originals dels espeleotemes poden veure's
fortament madificades, com ocorre a la Cova de na
Mitjana. Altres sobrecreixements es disposen d'una
manera anular, rodejant estalagmites i columnes.
Ocasionalment també queden englobades petites 1a-
mines de calcita flotant. Sdn destacables els cons de
la Cova de sa Bassa Blanca, gue semblen estalag-

oscillations, adjusted to the sea level changes, take
place. The partial drowning of sueh coastal caverns
creates subterranean pools that sometimes reach
great dimensions as the Liac Martel from Coves del
Drac.

A great number of differen! subaqueous
speleothems seems [o be associaled o this singular
geochemical environment (GINES & GINES, 1974).
Phreatic crysiallizations of calcite and aragonite over
the level of presant day brackish ponds are common
(POMAR etal., 1976; GINES et al., 1981) {Photo 4),
Through the bands of spaleathems marked by them,
former marine levels of stabilization corresponding to
the interglacial periods are recorded. The formaltion
of calcite rafts on the surface of these cave pools is
often found too (FOMAR et al., 18975), as well as
some characteristic overgrowths developed around
those stalagmites or sialactites situated on the
current fluctuation range of the water-table (POMAR
atal., 1979), These carbonale deposilional processes
have been guite commaon since the middle
Plaistocens, and today they are being the subject of
dafings with Uranium series and detailed patrological
works (Fhato 5).

Generally speaking, the ceastal phreatic
crystallizations are similar to other subaqueous
speleothems, but their morphological and textural
range are more remarkable. According to POMAR et
al. (1978) they can be classified in three types:
smooth, coralleidal and crystal spikes; the first being
aragonitic (Photo 6) and the rest calcilic.

Most of the phreatic crystallizations overgrow
around pra-existant spelaothems adopling bulky
forms, as those from Coves del Drac and Cova des
Pant. In many cases, as in Cova de na Mitjana,
especially when the overgrowth coaling appears on
stalactites, the original speleathems marphology can
be greatly modified. Sometimes, the coating are belt-
like around stalagmites and cofumns. Occasionally,
some floating calcite rafts are also trapped. The
impressive cave cones from Cova de sa Bassa
Blanca, similar but not analogue to very sharp
stalagmites, are outstanding examples of such
accumulations of floating cemented calcite {Photo 7).

Although it still remains a lot to be known about
the geochemistry of the coastal karsts where
carbonale precipitation lakes place, il looks cerlain
that the phrealic speleothems are originated mainly
along the oscillation range, usually 50 cm high, of
such subterranean pools. Cther phreatic speleo-
thems may prove that the phreatic coatings can be
produced even several decimeters below the water-
lable. In both cases the proximily lo the pool surface
favours the precipitation processes as the carbon
dioxide degassing occurs easily throughout the water
surface. So, as a consequence of the readjustment of
the chemical equilibrium of phreatic waters, the zone
close to the air-water interphase lends to be
aversaturated,
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mites punxegudes pero que estan construits per acu-
mulacions de calcita flotant cimentada (Foto 7).

Encara que és necessari millorar el coneixement
de la geoquimica dels carsts litorals en els quals te-
nen lloc aquests processos de precipitacio de carbo-
nats, pareix que la formacio d'espeleotemes freatics
es localitza principalment dins de la banda d'oscil-la-
cio d’'aquests llacs subterranis, que abraca una am-
plitud del voltant de 50 cm. Altres espeleotemes frea-
tics suggereixen que el sobrecreixement pot
produir-se fins a varis decimetres per davall del pla
de les aiglies. En ambdoés casos els processos de
precipitacié es veuen afavorits per la proximitat a la
superficie del llac, lloc on I'escapada de dioxid de car-
boni es realitza amb més facilitat. Per aquesta rad la
zona propera a la interfase aire-aigua tendeix a tro-
bar-se sobresaturada, com a conseqliéncia dels rea-
justaments que es produeixen en 'equilibri quimic
d'aquestes aigties freatiques.

Principals processos de
formacio d’espeleotemes
a Mallorca

Les condicions fisico-quimiques que caracterit-
zen I'endocarst mallorqui sén molt aptes per a la for-
macio d'importants diposits d'espeleotemes. El marc
bioclimatic recent afavoreix, en termes generals, |'ac-
tuacio dels processos generadors d'espeleotemes.
Endemés, les datacions disponibles demostren que
al llarg del Quaternari aquests processos han estat
actius i fins i tot intensos.

La marcada diferenciacio litologica existent entre
les calcarenites miocenes, les dolomies triasiques i
les calcaries massives liasiques i burdigalianes es
manifesta en mecanismes de permeabilitat i vies d'in-
filtracidé de 'aigua molt diversos. Per altra part, la con-
siderable diversitat topografica de les cavitats illen-
ques dona lloc a multiples ambients que posseeixen
microclimes particulars. Per aixo, la varietat de con-
dicions en qué arriben a les coves les substancies
que viatgen dissoltes a les aiglies de percolacio, i la
varietat de condicions en qué aquestes poden des-
prendre dioxid de carboni (i excepcionalment vapor
d'aigua, per evaporacio) a I'atmosfera subterrania
més immediata, expliquen la riquesa de tipus d'es-
peleotemes que s’observen a les coves mallorquines.

Predominen els espeleotemes formats per ai-
glies de degoteig (estalactites, estalagmites, colum-
nes) i aquells generats pel flux de petits corrents la-
minars d'aigua (colades parietals, colades pavi-
mentaries i gours). També sén comuns els espeleo-
temes generats pel lent aflorament d'aigles de per-
colacié (estalactites excéntriques, helictites,
anemolites, formacions botrioidals). Entre els espe-
leotemes subaquatics de la zona d’infiltracié és pos-
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Foto 7: Espeleotemes conics formats en condicions freatiques,
emergint d'un petit llac d'aigles salobres en la Cova de
sa Bassa Blanca (Alcudia).

Photo 7:  Conical speleothems formed under phreatic conditions,
emerging from a small brackish pool in Cova de sa Bassa
Blanca (Alcudia).

Major processes of speleothem
formation in Mallorca

The physico-chemical conditions that prevail in
the Majorcan endokarst are really suitable for the
development of important speleothem deposits. The
recent bioclimatic context favours, in general terms,
the presence of the processes that generate
speleothems. Moreover, available datings de-
monstrate that these processes have been active and
even intense throughout the Quaternary.

The obvious lithological differentiation among the
Miocene calcarenites, the Triassic dolomites and the
massive Liassic and Burdigalian limestone rocks is
displayed in rather diversified permeability
mechanisms and infiltration paths. Furthermore, the
great topographical diversity of Majorcan caves gives
rise to numerous environments showing particular
microclimates. Therefore, the varied conditions under
which the substances dissolved in the infiltration
waters reach the caves, as well as the different
circumstances in which carbon dioxide is detached



sible trobar-hi nombroses varietats de tamany mo-
dest, encara que la seva preséncia és tan sols
ocasional. Pel contrari, son freglents els espeleote-
mes freatics a coves properes a la linia de costa, on
formen interessants revestiments de calcita i arago-
nita d'aspecte coral-loide o globular, respectivament.

Els espeleotemes de les cavitats de Mallorca es
caracteritzen per la seva abundancia quantitativa, la
seva notable diversitat tipologica, la relativa pobresa
en espécies minerals i el clar predomini de morfolo-
gies que denoten aportacions d'infiltracio moderades
o fins i tot escasses.

Agraiment

Aquest treball forma part del projecte d'investi-
gacio de la DGICYT numero PB94-1175.
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(and, exceptionally, water is lost by evaporation) to
the cave atmosphere, explain the abundance of
speleothem types in the caves of Mallorca.

The speleothems produced by dripping waters
(stalactites, stalagmites and columns) and those
generated by slight water currents (wall and paving
flowstones, and rimstone dams) are predominant.
The speleothems generated by the seeping waters
coming slowly to the cave walls (eccentric stalactites,
helictites, anemolites, botryoidal features) are also
common. Among the subaquatic speleothems from
the vadose zone it can be occasionally found a varied
group of items of modest size. On the contrary, the
phreatic speleothems are quite frequent in the caves
located near the shoreline, where they form
interesting calcite and aragonite coverings,
coralloidal and globular respectively.

The speleothems of Majorcan caves and shafts
are characterized by their abundance, their
noteworthy typological diversity, their relative lack of
mineral species and the predominance of features
revealing moderate or even scarce infiltration supply.
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ASPECTES ESPELEOCRONOLOGICS
DEL CARST DE MALLORCA

SPELEOCHRONOLOGICAL ASPECTS
OF KARST IN MALLORCA

Joaguin GINES' 2 & Angel GINES' 3

Resum

Les illes carstificades sdn arees geografiqgues excepcionals de cara a la realitzacio de
treballs espeleocronologics interdisciplinaris. Els estudis desenvolupals fins al present a
Mallorca demostren que diverses circumstancies, com ara el nivell de base fluctuant que
afecta les illes —controlat per les oscil-lacions marines— o les lendéncies evolutives
dels vertebrats endamics fossils que visqueren en medis insulars, poden proveir un marc
cronologic molt Gtil per abordar I'estudi morfo-estratigrafic de les coves llenques | els seus
sediments. Les fluctuacions pleistocéniques del nivell de la mar es mostren especialment
significatives en aguest sentit: els canvis altimétrics en la situacio de la linia de costa que-
den de vegades enregistrats, a l'interior de les coves carstiques, per mitja de la deposicid
d'espeleotemes freatics, aixi com a traves de la interaccid de complexos canvis en les con-
dicions geomorfolbgiques, hidrodinamigues | geoquimiques que es donen a les zones cars-
tiques litorals. A tot aixd, hi hem d'afegir la gran rellevancia que adquireixen els processos
de formacid d'espelectemes en ambients climatics com el mediterrani, amb la consegient
possibilitat de portar a terme programes de datacions absolules mitjiangant el concurs de
metodes fisico-quimics adequats (UW/Th, ESR...).

Les dades espeleocronologiques disponibles sobre la nostra illa posen de manifest
que les coves han sofert una escassa evolucio morfologica durant el Pleistocé mitja i su-
perior. Per regla general, aguesta evolucio recent de les cavitals carstigues es limita a la
deposicid d'espeleciemes i de rebliments delritics (bretxes ossiferes, graves, arenes) re-
lacionats ambdds sovint amb les oscil-lacions pleistocéniques del nivell mari. Les fases prin-
cipals de carstificacid que originaren les coves de Mallorca es remuntan amb bastant pro-
babilitat al Plicee, o fins i tof a la transicid Mioca-Pliocé,

Abstract

The karstified islands are exceptional geographical areas with regard to
speleochronological interdisciplinary works. Until now, the studies which have been carried
out in Mallorca show that various circumstances such as the fluctuating base level that affect
the islands —controfled by the sea oscillations—  or the evolutionary frends of the endemic
fossil vertebrates that lived in insular environments, can provide a very useful chronological
framework in order to approach the morpho-stratigraphic study of insular caves and its
sediments. The Pleistocene fluctuations of the sea level are specially significant in this
sense; the altimetric changes conceming the situation of coast ling are recorded inside some
karstic caves by means of the deposition of phrealic speleothems, as well as through the
interaction of complex changes in the geomarphological, hydrodynamical and geochemical
conditions that are to be found in the coastal karstic areas. In addition to this, we have fo
point out the great relevance that the processes of speleothem formation acquire in climatic
environments such as the case of the Mediterranean area; therefore, the possibility arises

1 Grup Espelecldgic EST. Palma de Mallorca. 3 Museu Balear de Cigncies Nalurals. Cira Paima - Pon de Soller
2 Departament de Ciancies de la Terra. Universital de las llles Ba- km 30. E-O7100 Sdler (Mallorca).
lears. Ctra de Valldemossa km 7.5. E-07071 Palma de Mallorca.



of earrying out absolute dating programmas by means of the adequale physico-chemical

metheds (LU/Th, ESR...)

The speleochronological data which ara available on our island clearly show that the
caves have undergone a scarce morphological avolution during the middle and upper
Pleistocene, Generally speaking, the racent evolution of our karstic cavilies is limited to the
daposition of spaleothems and deintal infillings (ossiferous breccias, gravels, sand) both of
them often related to the Pleistocene oscillalions of sea level. The main phases of
karstification that originatad Maforcan caves, in all probability go back to the Pliocene ar

even to the Miocana-Pliocenea fransition.

Introduccio: illes carstificades
i espeleocronologia

Les illes que posseeixen una constitucio geolo-
gica de la qual formen part majoritaria les calcaries
presenten una bona varietat de fendmens carstics,
que estimulen la realitzacid d'estudis espeleocro-
nolégics especialment prometedors (GINES &
GINES, 1986; 1993a). Diverses circumstancies, les
guals s’enumeraran a continuacio, col-laboren en
aquesl sentit.

D'una banda els actius mecanismes morfogénics
que acluen en |a linia de costa, en conjuncio amb el
progressiu desenvolupamenl dels processos de cars-
tificacio, produeixen un complicat ventall d'inter-
ferencies molt especifiques entre els modelats cars-
ticilitoral (Figura 1); obviament, les illes carstificades
ofereixen una amplia distribucia espacial d'aquest in-
teressant ambient geomorfoldgic. A I'argument citat
cal afegir-n'hi un altre, no menys transcendent, re-
presental per la component eronologica introduida

Introduction: karstified islands
and speleochronology

The islands thal have a geological constitution
mainly integrated by limestones, present a great
variety of karstic phenomena thal stimulate the
fulfitment of spelecchronalogical studies which are
specially promising (GINES & GINES, 1988; 1993a).
Several circumstanceas, that we will now enumerale,
contribute in this sense.

On one hand, the active morphogenic
mechanisms that take part in the coast line, together
with the progressive development of karsiic
processes produce a complicated range of very
specific interferences between karstic and littoral
landforms evolulion (Figure 1). Obviously, the
karstified islands offer a wide spatial distribution of
this interesting geamorphological environment. A
further important paint must be taken info account,
represented by the chronological component
introduced by the following fact: the sea leval

SECCRS IDEAL
EFURA LA CARSTWICADA
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Figure 1:

Interaciions between karstification and Nitoral landforms
avaliittan, which arg interesting for the achiavament of
speleochronmlomoal Sludies.

i1: Maring abrasion near & karstic cave. 2: Phrealic
crystallizations. 3: Submarnged stalagmites, 4: Brackish
cave-pools. 5 Phrealic erystallizalions paleolevel

6: Eollan sands. 7! Aerial stalagmitization. 8: Breccla with
vartphrate bonas. B: Ground-waler flow. 10 Aclive
horigontal cave. 11; Clay sedwments. 120 Angenl s0a
cave, 13: Marine gravels. 14; Mixing zone (sea waler -
fresh waler) subsaturated with raspeci lo calcite.
15: Bolulonal cavilfes. 18 Bubmaringe spemng,

Figura1: Interaccions entre carstilicacio | modelat litoral, que re-
sullen Inleressants per a la realitzacid d'estudis espa-
leocronolbgics.

1; Abrasié marina a prop d'una cove carstica.
2: Cristal litzacions {reatiquas. 3: Estalagmites submar-
gides. 4; Llacs salobrosos. 5: Paloonivel de crstal-litza-
cions fradtiques. 6: Arenes edliques. 7. Estalagmititzacio
adria. B Bretxa amb ossos de vertabrats. 8 Flux de les
gighes subterranies, 10: Cavilal horitzontal acliva

11! Sedimenis argilosos. 12: Antiga cova marina.
13; Graves marings. 14: Zona de mescla (algua marina -
sigua dolca) subsaturada respecte a la calcita, 15: Cavi-
tate de dissolucld, 16: Surgéncla submarina.
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axperimantad sigmificant altimetrie fluctuations during
the Plaistocene thal was responsible, ameong other
effects, for successive shills of the coast line, as well
as repetitive immersions of karstic morphologies that
before were located above the sea level,



pel seglent fet: el nivell de la mar va experimentar
durant el Pleistocé importants fluctuacions altimétri-
ques que foren responsables, entre altres efectes, de
successius desplagaments de la linia de costa, aixi
com de repetides immersions d'aparells carstics que
abans romanien per damunt el nivell mari.

D'altra banda les condicions d'insularitat pro-
mouen I'evolucié diferenciada de la fauna que habita
ales illes. Amb freqiiéncia les tendéncies evolutives
de certes espécies endémiques queden enregistra-
des —en el cas dels vertebrats terrestres fossils—
amb relativa riquesa de dades en les estratigrafies
observables a 'interior d'algunes coves illenques, in-
tercalant-se ocasionalment bretxes ossiferes entre
sediments i morfologies d'origen litoral.

Mereixen també mencio especial els intensos
processos de deposicio d'espeleotemes que, interfe-
rint-se amb els altres mecanismes morfogénics ja es-
mentats, contribueixen a donar complexitat i a dotar
de majors possibilitats I'estudi de I'endocarst en les
illes calcaries.

Ens ocuparem a continuacié amb meés detall d"al-
guns aspectes espeleccronolbgics del carst de Ma-
llorca, el qual constitueix sense dubte un exemple pa-
radigmatic de la variada casuistica que tol just hem
esbossat.

Algunes evidéncies
geomorfologiques

Al llarg de tota la nostra illa son nombroses les
formes endocéarstiques, les caracteristiques de les
quals denoten com és de dilatada | complexa la seva
evolucid morfogénica. En uns casos es tracta de ca-
vitats que amb total claredat corresponen a uns con-
dicionants geomorfologics radicalment diferents dels
actuals, tal com assenyalen TRIAS et al. (1990) en
referir-se a I'Avenc de Fra Rafel (Escorca). Altres ve-
gades ens trobam davant coves amb importants con-
junts sedimentaris, que inclouen restes paleon-
tologigues, els quals posen de manifest la relativa
gran antiguitat de les principals lases espeleogenéti-
ques que es poden recongixer a Mallorca; en aguest
sentit, exemples com la Cova de Canet (Esporles)
deixen ben establerta la cronologia pel cap baix
pliocénica de I'excavacio d'algunes cavitats (PONS-
MOYA et al., 1979).

En un context prou diferent, s'han de destacar
les possibilitats espeleccronoldgiques que es deriven
de I'estudi de les zones carstiques litorals. Aguestes
arees es veuen sotmeses a intensos efectes erosius
| sedimentaris —que son conseqiéncia directa de
I'accid de les ones i del conjunt de |la geodinamica i-
toral— els quals interfereixen de diverses formes en
I'evolucio de les coves costaneres. Per exemple, gra-
ves i arenes d'origen mari, transportades per la mar
o pel vent, es poden introduir dins les coves i incor-

On the other hand, insuwlarity conditions favour a
differentiated evolution of the fauna that inhabits the
islands. The evolutionary trends of certain endemic
species often remain registered —such as the case
of terrestrial fossil vertebrates— with a relative
richness of information in the stratigraphies that can
be observed inside some insular caves, intercalating
occasionally ossiferous breccias among sediments
and morphologies from a littoral origin.

it is also worth mentioning the infense processes
of speleothem deposition that by interferring with
other morphogenic mechanisms mentioned above,
contribute to give complexity and to provide greater
possibilities for the sludy of endokarst in fimestone
islands.

We will now pay attention to some of the
speleochronological aspects of karst in Mallorea,
which constitutes, without doublt, a paradigmatic
example of the varied casuistry that we have jusl
outlined,

Some geomorphological
evidence

Throughout our island we encounter numerous
endokarstic fealures whose characteristics indicate a
very long and complex morphogenic evolution. In
some cases, [t concerns cavities that clearly
correspond to geomorphological conditionings totally
different from the present ones, such as TARIAS et al.
{1990) point out when they refer to Avenc de Fra
Rafel {Escorca). In other occasions we encounter
caves with important sedimentary assemblages that
include paleontological remains, which reveal the
relative great antiquity of the main speleogenetic
phases that can be acknowledged in Mallarca; in this
saense, examples such as Cova de Canet (Esporfes)
allow to establish that excavation of some Majorcan
caves goes back al least to Pliocene times (PONS-
MOYA etal., 1979).

In a different context, we must point out the
speleochronological possibilities that derive from the
study of coastal karstic zones. These areas are
subjected to intense erosive and sedimentary effects
—that are a direct consequence of the waves action
and of the whole of littoral geodynamics— which
interfere in various ways in the evolution of coastal
caves. Forexample, gravel and sand marine in arigin,
transported by the sea or by the wind, can penetrate
inside the caves and conlribute to their sedimentary
record. It is frequent to observe morphologies of sea
erosion in the entrances of littoral cavilies; we are
also able to observe that a great number of caves
situated near the coast line are the result of the
capture of caverns that —after having been formed
through processes of karstic dissolution— have
begun to be destroyed by mechanisms of littoral
erosion (MONTORIOL-POUS, 1971; TRIAS, 1982).
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porar-se al seu registre sedimentari. També és fre-
qdent observar mortologies d'abrasio manna en les
entrades de cavitats litorals, essent possible consta-
tar com un gran nombre de les coves situades devo-
ra la linia de costa son el resultat de la captura de ca-
vermes qua —després d’haver-se format mitjangant
processos de dissolucid carstica—  han comengat a
ser destruides pels mecanismes d'erosid litoral
{(MONTORIOL-FOUS, 1971, TRIAS, 1992).

Es necessari fer referéncia ara a les oscil-lacions
del nivell de la mar durant el Pleistocé, les guals por-
ten implicites valuoses informacions cronologigues,
que faciliten la datacid de delerminades paleoformes
d'abrasia litoral o de sadimenls d'origen mari dolats
d'un contingut faunistic ifo altimatria significatius. En
aquest sentit, les fluctuacions glacioeustahques del
nivell mari originen una amplia gamma d'efectes
geomorfoldgics, hidroldgics | geoquimics que afecten
les arees costaneres de les lles carstificades; una
sistematitzacio de 'extens ventall d'interaccions exis-
tents entre els canvis del nivell de la mar | I'endocarst
litoral apareix recollida a la Taula |,

Itis now necessary to refer to the oscillations of
the sea level during Pleistocene times, which offer
valuable chronological information that facilitate the
dating of daterminated paleoforms of littoral erosion
or of marine sedimeanis which are endowed with a
faunistic content and/or significant altimetry. In this
sense, the glacic-eustatic fluctuations of the sea level
originate a wide range of geomorphological,
hydrological and geechemical effacts that affect the
coastal areas of the karstified islands; a
systematization of the extense range of interaclions
that exist between sea level changes and the littaral
endokarst, appears in Table I.

The eustatic oscillations do nat only affect karst,
considered as a passive object of the littoral
dynamics. One must take into account that both the
spring lines and the whole of the mixing zone between
continantal and sea walers are affected by alternative
pulsations, and react by moving vertically according
to s2a level fluciuations. Tharsfore, the vicissiludes
that cccur in the sea level acquire an actlive role by
conditioning preferential spelecganesis areas; in this

« gonirel mari de la posicio altimétrica del pla de les - sea level controls water-table altimetric position in
aigles freafiques arals littoral areas
- - establiment de lacs d'aiglies salobroses en les - brackish pools are eslablished in coastal caves, -
- eoves costaneres, en relacid amb les fluctuacions according fo sea level fuclualions =
& del nivell de la mar - sea controlled base level delermines drainage fow =2
b=+ - al nivell de base man conlrola les linies de paths of underground waters and likewise coastal e
i drenaige de les aigles sublerranies | la localilzacio springs  lecation =
= de les surgéncies costaneres - phraatic solulion of carbonates and porosity =
- - &5 produeix dissolucid fredlica de carbonals | creahion occur in coasial mixing 2one between fresh
creacio de porosital, en la zona de mescla entre and marine walers
aigles conlinenials | marnas
- contral mari de les zones preferencials d'espe- - 583 level controls praferential zones of speleo- |
P — leogenes| genesis . e B
= @ | - existéncia de coves de genesi marina acluals, ifo - present-day marine caves are common, as wellas | 5 &
s . cortesponents a paleonivells de la mar the ancient ones corresponding fo sea paleokevels | = &
E = | - caplura de cavitats carstiques per pan de meca- - karslic caves are often caplured by litoral erosion | = it
nismes d'erosia litoral mechapisms
PR - preséncia en coves costaneres de reompliments - coastal caves lodge variegated infilings, maring =
- diversos d'origen mari Vo edlic (graves, arenes andior aeolian i onigin (gravels, marine or aeolian =
g marines o edliques...) sands... ) - =
£ # | - I& lloc la deposicid fredtica de carbonats, en llacs - phreatic carbonate precipitalion ogcurs in -
= hipogeus ltorak conlrolals pel nivell mari actual o hypogean littoral pools. that are conlroffed by =
e o preterit current or ancient sea levels . !
& 5 | - abundancia d'estratigrafies complexes en les quals - complex siraligraphies are abundant, and littoral =
e = e5 barregen sediments Horals. bretkes carstiques, sediments. karslic breccias, palasoniological =
= resles paleomaoligiques | dipbsits estalagmitics remains and sialagmitic deposils intermingla there a
- les cristal litzacions frealiques de carbonals - phreahc carbonale crystalizations constitule a good =
constituelxen un bon registre dels paleonivells record of pleisiocens sea paleolevels, coires- g’
) o marins pleistocénics interglacials ponding fo inferglacial episodes —
S = | - diposis eslalagmilics vadosos, submergits en els - vadose stalagmitic deposits drowned in present- =
- llacs hipogeus actuals, enregistren esdeveniments day cave are evidences of past low sea level e
a2 chimatics que impliguen descensos del nivell mar| evenls =
® o - les formes endémiques de verlebrals lerresires - andemic species of loss) lerresivial verlebrales. :
es fossils incloses en els sediments de cavermes included in coasfal caves sedimants, supply o
costaneres, aporlen valuoses dades estratl- valuable stratigraphical and chronological data o
grafiques 1 cronoligiques o
Taulal: Ceonseaqléncies geomorlolbgigues de les oscil-lacions del Table I:  Goomoiphological consequances of sea lavel oscillations

nivall mari sobre 'endocarst literal,
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Les oscil-lacions eustatigues no es limiten a
afectar el carst, entés com un simple objecte passiu
de la dinamica litoral. 5'ha de tenir en comple que
lant les linies de surgencies, com el conjunt de la zo-
na de mescla entre aigoes contingntals i marines, es
veuen afectats par pulsacions altermants i reaccionen
desplagant-se an vertical al compas de les fluctua-
cions del nivell de la mar. Aixi doncs, les vicissituds
experimentades pel pla de les aigles oceaniques ad-
guirgiken un protagonisme actiu en condicionar zo-
nes preferencials d'espeleogénesi; en aquast aspec-
le, investigacions recents (BACK et al., 1984) han
demostratl que aguesta zona de mescla és particular-
ment inleressant des d'un punt de vista geogquimic, |
gue s'hi pot produir un ingrement important dels pro-
cassos de dissolucio carstica en regim frealic,

Una aproximacio espeleccronologica a la gao-
morfologia carstico-costera de les Balears es veu ban
representada, entre d'altres, per |a publicacico de
MONTORIOL-POUS (1961) referent a les cavitats de
Cabrera. Seguint criteris semblants, GINES et al,
(1975) associen algunes caracteristiques morfolégl-
gues de dues coves de la costa oriental de Mallorca
{Secret des Moix | Cova de na Mitjana) amb diversos
paleonivells de la Mediterrania; a la vegada esbossen
la historia morfo-sedimentana d'ambdues cavilals du-
rant &l Pleistocé mitja i supenar,

Aixi mateix resulten dinteres els exemplaes dis-
ponibles de cavernes que allotgen fossilitzacions
al-lbctones d'origen dunar. Es tracta d'arenes que, in-
troduint-se per la boca de cavitats litorals, donen lloc
a perfectes acumulacions conigues resultants de la
deposicid per gravelal dels materials arenosos. Es-
mentarem &ls diposils wirmians presents a la Cova
de sa Bassa Blanca (GINES & GINES, 1974), aixi
com les arenes dunars del Riss que fossilitzen bona
part de I'entrada del Secret des Moix (GINES ef al.,
1975). Casos similars de reompliments subterranis
integrats per materials edlics ja s'havien assenyalat
a les petites llles properes a Mallorca: ens referim a
la duna del Riss (EGOZCUE, 1971) dipositada a I'in-
terior de la Cova de sa Font (illa Dragonera), | als se-
diments arenosos de la Cova des Frare (illa de Ca-
brera) atribuits al Pleistoce inferior (Calabria) per
MATELW et al. (1979).

El registre paleontologic

El desenvolupament progressiu de les formes
endocarstiques, unit en ocasions a I'activa dinamica
morfogénica que té lloc en les immediacions de la li-
nia de costa, propicia gue una certa proporcio de ca-
vitats restin comunicades amb |'exterior mitjangant
obertures meés o menys amplies que poden ser utilit-
zades com a refugi per determinades especies de
verlebrats. Endemés, sovinl, les entrades dals
avencs o alguns sectors intenors de les coves actuen
com a trampes, en el fons de les quals es van acara-

respect, recent investigations (BACK el al., 1984)
have proved that this mixing zone is parlicularly
interesting from a geochemical point of view, and that
a significant increase of the karstic dissolution
processes can lake place in phrealic condilions.

A speleochronological approach o the
geomorphology of karslic coastal areas in the
Balgaric Islands is well-documantad by the
publication of MONTORIOL-POUS (1861) among
others, which refers fo the cavities of Cabrera.
Following a similar criteria, GINES etal. (1875)
associate some morphological characteristics of two
caves sitvated in the eastern coast of Mallorca
{Secret des Moix and Cova de na Mitjana) with
several paleolevels of the Mediterranean; at the same
time, they outline the morpho-sedimentary history of
both cavities during the middle and upper
FPleistocene.

The available examples of caves which lodge
alochthonous eolian fossilizations, prasenl a
remarkable interast. These sands that penalrata
thraugh the entrance af littoral cavities occasion
perfect conical accumulations, which result from the
gravitational deposition of the sandy material. We will
mention the Wirmian deposits from Cova de sa
Bassa Blanca (GINES & GINES, 1974), as well as the
Riss eolian sands that fossilize a great part of the
entry of Secret des Moix (GINES et al., 1975). Similar
cases of sublerranean infillings integrated by eolfan
material had already been mentioned in the small
islands near Mallorca; we are referring to the Riss
dune (EGOZCUE, 1971) deposited in the interior of
Cova de sa Font {Dragonera island}, and the sandy
sediments of Cova des Frare (Cabrera island)
attributed to the lower Pleistocene (Calabrian) by
MATEU etal. (1973).

The paleontological register

The progressive development of endokarstic
phenomena, logether with the active morphogenic
dynamics that takes place in the surrounding areas of
the coast ine, propitiates that a ceriain proportion of
littoral cavities becomes communicated with the
axterior by means of quite wide openings that can be
used as a shalter for determined vertebrate species.
Besides, quite often, the entrances of the shafts or
some sectors in the inner part of the caves act like
traps, at the bottem of which remains of animals that
have fallen accidently get piled up. In any case,
frequently the sediments of the caves include
ossiferous breccias, resulting from the accumulation
of vertebrate remains that are extinguished al present
{Photo 1).

In addition to this, in the case of insular
environments, the possibility that the vertebrates should
presant endemic forms emphasize aven more the
interast in the anatomical and morphometric study of the
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mullant restes d'animals que hi han caigut de mane-
ra accidental. D'una forma o d'una altra, és bastant
freqiient que els sediments de les coves incloguin
bretxes ossiferes, producte de I'acumulacio de restes
de vertebrats que actualment es troben extingits
(Foto 1).

Foto 1: Bretxa ossifera amb Myotragus antiquus del jaciment de
la Cova des Fum (Sant Lloreng des Cardassar).

Photo 1:  Ossiferous breccia with Myotragus antiquus from Cova
des Fum site (Sant Lloreng des Cardassar).

Cal afegir, en el cas de les illes, la possibilitat que
els vertebrats presentin formes endemiques que ac-
centuen encara meés l'interés de 'estudi anatomic i
morfometric de les restes paleontologiques. En
aquest sentit, les propies tendéncies evolutives que
es puguin deduir a partir de I'estudi dels vestigis de
vertebrats endémics tenen un valor cronologic evi-
dent que s’ha de tenir en compte.

A Mallorca es disposa d'un ben conegut registre
paleontologic de la fauna endémica de mamifers. Les
linies evolutives dels generes Myotragus, Hypnomys
i Nesiotites posseeixen un valor crono-estratigrafic
indubtable (Figura 2), que queda reflectit en la im-
portant obra d’ALCOVER et al. (1981); aquests au-
tors reuneixen una sintesi convenientment actualit-
zada sobre les formes endémiques de vertebrats
plio-pleistocénics de les llles Balears.

Ja que la major part dels jaciments paleontolo-
gics coneguts a la nostra illa corresponen a cavitats
carstiques, no és estrany que algunes estratigrafies
especialment destacables de coves mallorquines
—com la Cova de Canet (Esporles) i la Cova des Fum
(Sant Llorenc des Cardassar)— s’hagin estudiat des
d'un punt de vista crono-estratigrafic. Aquestes loca-
litats inclouen materials de Myotragus antiquus, for-
ma arcaica del génere, que es pot situar en el Pliocé
superior. Les datacions efectuades a la Cova de Ca-
net, basades en el paleomagnetisme dels sediments,
han contribuit a confirmar la cronologia pliocénica
d’aquests diposits ossifers (PONS-MOYA et al.,
1979).

Determinades coves litorals com la Cova de na
Barxa (Capdepera) presenten histories morfogéni-
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paleontological remains. In this sense, the respective
evolutionary trends that can be deduced from the study
of the remains of endemic vertebrates, have an obvious
chronological value which has to be taken into account.

In Mallorca there is a well-known paleontological
register of their mammals endemic fauna. The
evolutionary lines of the Myotragus, Hypnomys and
Nesiotites genera possess an undoubtable chrono-
stratigraphic value (Figure 2), which is reflected in the
important work of ALCOVER et al. (1981); these
authors assemble an up-to-date synthesis on the
endemic forms of plio-pleistocenic vertebrates in the
Balearic Islands.
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Figura2: Probables linies evolutives del génere Myotragus, a les
illes de Mallorca i Menorca (segons ALCOVER et al.,
1981).

Figure 2: Probable evolutionary lines of the Myotragus genus in
Mallerca and Menorca islands (according to ALCOVER
etal., 1981).

Since most of the well-known paleontological
sites in our island correspond to karstic cavities, it is
not surprising that some specially outstanding
stratigraphies of Majorcan caves —such as Cova de
Canet (Esporles) and Cova des Fum (Sant Lloreng
des Cardassar— have been studied from a chrono-



gues complexes, en les quals alternen episodis de
sedimentacid terrestre amb Myotragus, del Pleistocé
superior, juntament amb processos de deposicid
d'espelectemes i mecanismes d'erosio litoral (AN-
DREWS eral., 1989).

Per acabar, convé consignar les abundants da-
tacions disponibles sobre els materials procedents de
la Cova de Muleta (Sdller), realitzades al llarg de prop
de vint anys mitjangant técniques de Carboni 14 i ra-
cemitzacio d'aminoacids (WALDREN, 1982). Aques-
ta localitat ha afavorit notablement el coneixement
pracis de les formes més recents dels vertebrals
endémics de Mallorca, fins al moment de la seva ex-
tincid coincidint amb I'arribada de I'home a les nos-
tres illes.

Els espeleotemes

Els processos de deposicid d'espelectemes ac-
tuen de manera intensa en les coves carstigues de
climes temperats o calids, com és el cas de Mallorea.
Els productes resultants d'aguests processos queden
integrats en les estratigrafies de les nostres coves
illenques, intercalant-se entre materials sedimentaris
de caracteristiques molt diverses, alguns dels quals
son d'origen mari.

Estratigrafies com la que ja hem esmentat de la
Cova des Fum presenten restes paleontologiques
amb Myelragus antiquus, aixi com sediments litorals
amb foraminifers, inclosos en un complicat mare de
potents colades estalagmitiques. GINES & FIOL
(1981} reconstrueixen les vicissituds d'aquest jaci-
ment en base a les dades paleontologiques | morfo-
sedimentéaries, fet que els permet situar el comencga-
ment de la carstificacié en agqueixa localitat pels vol-
tants del final del Mioce.

La possibllitat d'obtenir datacions absolutes a
partir de mostres d'espeleotemes, mitjangant I'us de
técnigues fisico-quimigues com les séries d'Urani |
les mesures d'ESR, deixa obert un camp molt sug-
gestiu per a la consecucid de dades espeleocronalo-
gigues precises sobre les coves carstigues de Ma-
llarca. Aixi ho posen de manifest investigacions com
les ja citades d'ANDREWS et al. (1989), les quals
aporten precisions cronolégiques sobre les fases
d'estalagmititzacio del Pleistocé superior i la seva re-
lacié estratigrafica amb l'important jaciment paleon-
tolbgic existent en aguesta localitat.

La formacid d'espeleatemes en les coves litorals
presenta endemés interessants particularitats que
s'han de tenir en compte, ja que les relacions altime-
triqgues d'aquests dipbsits cristal-lins respecte a l'ac-
tual o a passats nivells de la mar son susceptibles de
proporcionar valuoses informacions. Per exemple,
espeleotemes aeris (com les estalagmites) no es po-
den desenvolupar quan una cova costanera resulta
inundada per mor d'eventuals pujades del nivell frea-

stratigraphic point of view. These locations include
Myotragus antiquus material, an archaic form of the
genus that can be situated in the upper Pliocene. The
dating carried out in Cova de Canet, based on the
paleomagnetism of the sediments, has also
contributed to confirm the pliocenic chronology of
these ossiferous deposits (PONS-MOYA et al., 1979).

Certain littoral caves such as Cova de na Barxa
(Capdepera) present a complex morphogenic history,
in which episodes of terrestrial sedimentation,
including Myotragus from the upper Pleistocene,
alternate together with processes of spelecthems
deposition and mechanisms of littoral erosion
(ANDREWS et al., 1989).

Finally, it is necessary to record the abundant
chronological data available concerning the
paleontological material from Cova de Muleta
(Sdller), obtained throughout twenty years of using
Carbon-14 and amino acids racemisation techniques
{WALDREN, 1982). This locality has remarkably
favoured the precise knowledge of the most recent
farms of endemic vertebrates in Mallorca, up to their
extinction with the arrival of Man to our islands.

Speleothems

The processes of speleothems deposition act
intensely in karstic caves from areas of warm or
temperate climates, such as the case of Mallorca. The
resulting products of these processes are integrated
in the slratigraphies of our insular caves,
intermingling with sediments that have very diverse
characteristics, some of which are marine in origin.

Stratigraphies such as the one lodged by Cova
des Fum, which we have already mentioned, present
paleoniological remains with Myotragus antiquus
as well as littoral sediments with foraminifera included
in a complex framewaork of thick stalagmitic
flowstones. GINES & FIOL (1981) reconstruct the
vicissitudes of this site on the basis of the
paleontological and morpho-sedimentary data, which
allows them to sifuate the beginning of karstification
in this localily around the end of the Miocene.

The possibility of obtaining absolute datings from
the speleothem samples, through the use of physico-
chemical fechniques like the Uranium series and the
measures of ESR, opens up a very suggestive field
concerning the achievement of precise speleo-
chronological data on the karstic caves in Mallorca.
Investigations such as that published by ANDREWS
et al. (1989) make this point clear by bringing forward
chronological precision aboul stalagmitization phases
of the upper Pleistocensa, and its siratigraphic
relationships with the important paleontological
deposit that exisis in this location.

The formation of speleothems in the littoral caves
also presents interesting particularities which have to
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tic, com les que es produiren durant els periodes in-
targlacials. Aixi, la preséncia d'estalagmites submer-
gides en els llacs de certes coves litorals implica la
inundacico parcial de la cavital amb posteriorital a una
fase d'estalagmititzacio aaria, la qual es correspon
amb un descens dal nivell mari lligat a un estadi
climatic de caire fred. Aquestes guestions ja foran
plantejades per JOLY & DENIZOT (1828) en obser-
var les estalagmites submergides de les Coves del
Drac (Manacor); aixi mateix, les datacions isotdpi-
ques realitzades per HENNIG et al. (1981) sobre
meostres de la Cova "A” de Cala Vargues documenien
la deposicio d'espeleotemes aeris per sota del nivell
mari actual, esdevinguda duranl una elapa de des-
cens relatiu de la mar Medilerrania.

Recentment diversos autors han descril espe-
leatemes freatics que delimiten paleonivells assolits
per les aigles freatiques, dins coves propearas a les
costes arientals de I'lla. Ja que la transcendéncia d'a-
guests fendomens és notable, dedicarem un apartat in-
dependent als espelectemes freatics | a les seves im-
plicacions cronolégigues.

Espeleotemes freatics
i paleonivells marins

Un dels aspectes més cridaners de I'endocarst li-
toral de Mallorca és la preséncia d'espelectemes
freatics. Aquest tipus de diposits és abundant en els
llacs hipogeus de les nostres coves, en corres-
pandéncia amb la cota actual de les aigles marines
(POMAR et al., 1973). De totes maneres, l'interés
principal d'aguesls processos de precipitacio de car-
bonats esta relacionat amb el seglent fel: antigues
fluctuacions positives del nivell de la mar —corres-
ponents a episcdis interglacials—  han quedat enre-
gistrades a l'interior de nombroses cavernes cosla-
neres mitjangant alineacions rigorosament harilzon-
tals d'espelectemes freatics (Fotos 21 3), La formacio
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be taken into account, since the altimalric relalions of
these crystalline deposits with respect to the present
or past sea levels are capable of providing valuable
information. For example, aerial speleothems (like
stalagmites) cannot develop when a coastal cave is
floaded due to eventual risings of the phreatic water-
table, like the ones which took place during the
intarglacial periods. Therefore, the presence of
stalagmites submargad in the pools of certain littoral
caves invalves the partial flooding of the cavity
subsequent to a phase of aerial stalagmitizalion,
which corresponds to a descent of the sea laval
connected with a cold climatic stage. Thass issuss
were brought forward by JOLY & DENIZOT (1828) on
observing submerged stalagmites in Coves del Drac

Folo 2:
Espelectamas freitics a lag Coves del Drac (Manacor),
qui enregistien wn nivell man del Pleistocs suparlor,

Phato 2:
Fhreatc speleathems n Coves del Drac (Manacaor), that
record an upper Plefstocene sea palealevel,

{Manacor); ikewise, the isotopic dating carried out by
HENMIG etal. (1281) on samples from Cova "A” de
Cala Varques establishes the depoesition of aerial
speleothems below the present sea level, during a
stlage of relative descent of the Mediterranean sea.

Recently. several authors have described
phraatic speleothems that delimit paleolevels attained
by phreatic watars, in caves near the eastern coast of
the island. Since the importance of these phenomena
is notable, we will dedicate an independent section o
phreatic speleathems and thair chronological
invalvement.

Phreatic speleothems and
marine paleolevels

One of the mos! oulstanding aspecis of the
littoral endokarst in Mallorca is the presence of
phreatic speleothems. This kind of deposits is
frequent in the hypogeum pools of our caves, in
correspondence with the current level of sea waters
{POMAR etal.. 1978). In any case, the main interest
of these processes of carbonate precipitation is
refated to the following fact: ancient positive



d'aquest tipus de diposits cristal-lins esta lligada a pa-
leonivells assalits per la superficie de les aigies frea-
ligues, com a conseqliéncia de les oscil-lacions gla-
cioeustatiques marines (GINES & GINES, 1974;
GINES et al., 1981a; POMAR et al., 1987).

Folo 3 Seccid d'un espelectema freatic procedent de les Coves
dal Drac (Manacar). Obsarvi’s I'estalaciita aéria que ser-
wvalx do suport al sobrecreixemeant cristal-li subagquatic.

FPholo 3:  Longitudinal section of 8 phrealic spelecttem from Coves
dal Drac (Manacor). We can observe the aerial stalactile
that acts as support to the crystalline underwaler
avergrowth.

Els espeleotemes freatics de les coves mallor-
quines oferaixen una gran varietat morfologica, tex-
tural | mineraldgica, com es posa de manifest en els
treballs de GINES ef al. (1981b) i POMAR et al.
(19786). Aquests autors insinuaven ja el significat pa-
leocliméatic de la seva mineralogia, en relacionar la
preséncia d'aragonita amb ambients calids que, en
els sediments marins, es tradueixen en I'aparicio de
la fauna malacolbgica termofila caracteristica de I'Eu-
tirrenia (interglacial Riss - Wiarm).

En el cas de Mallorca s'han constatat nombrosos
paleonivells de cristal-litzacions freatiques, situats
entre 'actual nivell de la mar | la cota de +40 metres
(Figura 3). En alguns treballs s'ha apuntat la possibi-
litat de correlacionar altimétricament aquests diposits
amb antigues linies de costa del Pleistocé mitja i su-

fluctuations of the sea level —corresponding to
interglacial periods— have been recorded inside
numerous coastal caves by means of strictly
horizontal alignments of phreatic spelecthems
{Photos 2 and 3). The formation of this kind of
crystalline deposits is related to paleclevels altained
by the ground water-table, as a result of glacial-
eustatic sea oscillations (GINES & GINES, 1974;
GINES et al., 1981a; POMAR et al., 1967).

The phreatic speleothems of the Majorcan caves
offer a great morphological, textural and
mineralogical variety, that is showed in several
publications (GINES et al., 1981b; POMAR et al.,
1976). These authors pointed oul the paleoclimatic
significance of their mineralogy, by relating the
presence of aragonite to a warm event which, in
marine sediments, results in the appearance of
malacological thermophile fauna typical of the
Eutyrrhenian (interglacial Riss - Wiirm),

In the case of Mallorca, a great number of
phreatic crystallizations paleolevels have been
observed between the current sea level and +40
meters above (Figure 3). In some papers, it has been
considered the possibility of correlating altimetrically
these deposits with ancient coast lines corresponding
fo the middle and upper Pleistocene, identified in the
exterior by means of the stratigraphic and
paleontological study of the fossil pleistocenic
beaches of our island, which are well-known due fo
Quaternary investigators such as BUTZER (1875)
and CUERDA (1975).

Following the above mentioned argumentation,
GINES & GINES (1974) suggested that the phreatic
crystallizations situated 30 meters above the present
sea level should go back to the interglacial Mindel -
Riss af least. The absolute datings carried out on this
kind of speleathems, which we will give further details
later on, confirms that these higher paleolevels
belong to the stages 9 or 11 of marine oxygen isotope
record, since they bring forward ages over than 300 ka.

The possibilities that derive from the
geochronological study of phreatic speleothems
situated in the coastal caves of Mallorca are quite
promising, as regards to a betier knowledge of the
recent history of the oscillations experimented by the
Mediterranean sea level.

Absolute datings

The modern incorporation of physico-chemical
dating techniques to the speleochronology field,
enables to give further precision to the previously
obtained chronologies by means of stratigraphical,
geomorphological or paleontological approximations.
We will briefly deal with the available data on this
topic concerning Majorcan karst.

The abundani datings carried oul through
Carbon-14 method on material collected from
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Figura 3:  Alincacons hortzentals d'espeleotemes Iredlics pre-

sents en les cavitats del Cap Vermell (Capdepera), ra-
presentades sobre una seccid ransvorsal exagoerada
verlicalment. Aquesls dipdsits sdn un excel-lent regisire
dels paleonivalls da la mar Maditarrinia corrasponants a
apisodis interglacials del Pleisiocd mitgh | Suponor

{LITh age = edal obtinguda mitjangant el mélode U/Th)

perior, reconegudes a I'extenor mitjiangant 'estudi es-
lratigralic | paleontolagic de les platges fossils pleis-
loceéniques de la nostra illa, les quals sén ben
conegudes gracies a les investigacions de quaterna-
ristes com BUTZER (1975) i CUERDA (1975).

En aquesta linia, GINES & GINES (1974) suggs-
rien que les cristal-litzacions freatiques situades a
més de 30 metres per damunt del present nivell mari
s'haurien de remuntar almenys a l'interglacial Mindel-
Riss. Les datacions absolutes realitzades sobre
aquest tipus d'espelectemes, de les quals es parlara
a continuacid amb mes detall, confirmen la perti-
nenga d'aquests paleonivells més elevats als estadis
2 0 11 del registre mari d'isdtops d'oxigen, ja gque
aporlen edats superiors als 300.000 anys.

Les possibilitats que es deriven de 'estudi geo-
cronologic dels espelectemes freatics presents en les
coves litorals de Mallorca s6n bastant prometedores,
de cara sobre tot al millor coneixement de la histaria
recent de les oscil-lacions experimentades pal nivall
de la mar Mediterrania.
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Frgure 3:  Honizontal alignmenis of phrealic spalecthems oceurning
in Cap Varmall cavities (Capdepera), These doposils are
an gxcollen! record of Mediterranean sea paleolevels.
which correspond te Interglacial episodes that tock place
during tha middie and uppear Flaistooene

archeological and paleonfological sites, such as Cova
de Muleta (WALDREN, 1882) have provided a lot of
infermation as regards la the holocenic farms of
terrestrial endemic vertebrates of our island, as well
as their extinction due to the arrival of Man,

Going back in lime, the paleomagnetism
measures performed by J.5. KOPPER in Cova de
Canet (PONS-MOYA et al., 1979) have contributed to
fix the chronology of seme of the mos! primilive forms
of the Myotragus genus, in particufar M. antiquus,
an archaic species that can be situated in the upper
Pliocene. These works clearly reveal the great
antiquity of speleogenesis that originated the
mentioned cave.

We have a similar case of application of isotopic
geochronological technigues to the study of
paleontological deposits, represented by the U/Th
datings carried out on stalagmitic flowslones of Cova
de na Barxa {ANDREWS el al., 1988). The
mentioned locality conlains two ossiferous breccias
with Myeotragus, which belong to the upper
Pleistocene.



Les datacions absolutes

La moderna incorporacid al camp de 'espeleo-
cronologia de les técniques de datacio per métodes
fisico-quimics permet donar precisio a les cronolo-
gies praviament obtingudes mitjangant aproxima-
cians estratigrafiques, geomoriologiques o paleon-
tologiques. Repassarem ara breument les dades
d'aquest tipus disponibles respecte al carst de Ma-
llarca,

Les nombroses datacions realitzades amb el mé-
tode del Carboni 14 sobre materials de jaciments ar-
queclbgics | paleontolégics, com la Cova de Muleta
(WALDREN, 1982), han proporcionat abundants in-
formacions referents a les formes holocénigues dels
verlebrats terrestres endémics de la nostra illa, aixi
com sobre la seva extineio per mor de 'arribada de
I'home.

Remuntant-nos molt més anrara en el tamps, les
mesures de paleomagnetisme efectuades per J.5.
KOPPER en la Cova de Canet (PONS et al,, 1979)
han contribuit a fixar la cronologia d'alguna de les for-
mes més primitives del génere Myolragus, concreta-
ment del M. antiguus espécie arcaica que es pot si-
tuar en el Pliocé superior. Aquests treballs palesen
amb claredat la gran antiguitat de |'espelecgénesi
que dona origen a |'esmentada cova.

Un cas semblant d'aplicacio de tecniques de da-
tacio absoluta a I'estudi de diposits paleontologics al
tenim en les investigacions portades a terme, mit-
jangant el métode LU/Th, sobre colades estalagmiti-
ques de la Cova de na Barxa (ANDREWS et al.,
1989). El jaciment esmentat conté dues bretxes os-
siferes amb Myotragus, gue pertanyen al Pleistocé
superior,

Han eslal moll promeledors als resultats del pn-
mer programa de datacions d'espelectemas freatics
relacionats amb paleonivells de la Mediterrania. Les
analisis realitzades utilitzant el matode de les saries
d’Urani han confirmat el model cronolégic, proposat
préviament 2n base a correlacions altimétriques en-
tre espeleotemes freltics | dipdsits de platja pleis-
tocénics (GINES & GINES, 1974). Els resultats
d'aquest programa de datacions absolutes donen
unes antiguitats que oscil-len entre els 3.900 anys
{cristal-litzacions clarament postglacials) | edals su-
periors als 350.000 anys, ja en el limit de les possibi-
litats del métode (HENNIG ef al., 1981; GINES &
GINES, 1989, 1993b). Les cristal-litzacions freatiques
d'edals inferiors als 250.000 anys es correlacionen
be& amb els esdevenimants climatics gue impliquen un
nivell mari similar o superior a I'actual (estadis 1, 5
i 7 corresponents a pulsacions de tipus calid); les
maostres que donen edals superiors als 300,000 anys
s'han d'adscriure almenys als estadis 9 o 11 del
registre mari d'isétops d’oxigen establert per
SHACKELTON & OPDYKE (1973).

Per acabar, esmentarem que GRUN (1986) ha
aplicat les técniques d'ESR a la datacid d'espeleote-
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Figura 4: Represantacid gralica que integra les dades aspeleccro-
naligigues submimistrades per algunes coves sgnifica-
thves de Mallorca.

Figura 4 Graphic reprasantation integrating spaleochronalogical
data provided by some sipnificant caves in Mallorea

The resulls of the first dating programme of
phreatic spelecthems related to Mediterranean sea
paleolevels have been very promising. The analysis
carried out using the Uranium series method have
confirmed the chronological model, previously put
forward with regard to altimetric correlations between
phreatic spelecthems and beach pleistocenic
deposits (GINES & GINES, 1974). The resulls of this
absolute dating programme show ages that ranges
from 3.9 ka {clearly post-glacial crysiallizations) to
above 350 ka, reaching the limits of the possibilities
of this method (HENNIG et al., 1881; GINES &
GINES, 1988, 19383b). The phreatic crystallizations
with ages below 250 ka are well-correlated with the
climatic events that invalve a sea level similar ar
higher to the present-day one (stages 1, 5and 7
which correspond to warm pulsations); the samples
that reveal ages above 300 ka have lo be assigned
al least to the stages 9 or 11 of marine oxygen isolope
racord astablished by SHACKELTON & OPDYKE
(1973).

Finally, we wilf mention that GRUN (1886) has
appliad the ESR techniques to spelecthem dating in
Cova de sa Bassa Blanca (Alcudia). This author
suggest that the complicated sequence of chemical
deposits analyzed —the vast majority of them
phreatic In origin— Includes a lapse of time that goes
from 700 ka until 200 ka B.F.
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mes de |a Cova de sa Bassa Blanca (Alcudia). Aquest
autor proposa que la complicada seqiiéncia analitza-
da de dipbsits quimics —majoritariament d'origen
freatic— abraga un lapsus de temps que va das dels
700.000 fins als 200.000 anys B.P.

Conclusions

Es svident que medis morfoldgics | sedimentaris
integrats per les coves de certes illes carstificades,
com s al cas de Mallorea, sén molt adequats per a
les investigacions espaleccronologigues interdisci-
plinaries (Figura 4), En la nostra illa, es mostren molt
interessants les dades aportades pels diposils d'es-

Conclusions

It is obvious that morphofogical and sedimentary
environments represented by the caves of certain
karstified islands, such as the case of Mallorea, are
very adequate for spelecchronological inter-
disciplinary investigations (Figurae 4). Amang the
avallable data on our island, are of great interast the
informations provided by the deposits of phreatic
spelecthems, associated to Pleistocene paleolevels
of the Mediterranean sea; some complex
straligraphic sequences are also fnstructive, which
include ossiferous breccias of vertebrate plio-
plaistocanic fauna —intercalated with stages of
speleatham deposition— and that are often mixed

agrial | phrealic | palaron-
A sgelees | gopies. | speise- | lological ":;E:
genesls | o therms | remains | 9

FLIOCENE

Lower

|

Middle

awn

B — — —

PLEISTOCENE

Upper

HOLOCENE

.

Figura 5:

A: Recanstruccld cronclégica dels processos morio-
genélics implicats en 'evolucid da les coves dal Cap Ver-
mell [Copdepera)

(spaleoganasiz = espelengénesi; agrial speleoihemns =
eapelentemas aaris; phrealic spalaothems = aspaleole-
mes fredalics, palaeanielogical remaing = restes paleon-
tolbgiques, maring erosion = erosid marina)

B: Aparenca marfolbgica general de les coves estudia-
des en als diterents momonts do la sova evolucio. 1: Ex-
cavacld d'una xarxa Inicial de buils freatics. 2: Els pro-
cassos d'ensarramant de parats i voltes altarnen amb
fases deslalagmitilzacio acna, 3; Dversos apisodis de
formacid de cristal-litzacions frealigues es corresponen
amb paleonivells de la Mediterrania durant al Plaistocé
mitji. 4: Conlinuen ols processos d'ostalagmititzacic ag-
ria, alternant amb atapes de generacié de cristal-litza-
clons fredlques. 5 S'acumulen restes paleonioldgiquas
de vertebrals endémics a lintenor d'algunes chvoimos
G: Mecanismas recents d'erosid | sedimeniacic marina
alocton los cawntats coslanaras.

Figure 5:

A: Chrenological reconsiruction of marphogenalic
processes invalved in the avalulion of Cap Vermell caves
(Capdepera).

8: Genaral morphological appearance of the caves
studied in diffarant momants of their evolulion.
1: Excavation af an imitial netwark of phreatic voids.
2: Procasses of wall and vault callapse alternate with
aenial stalagmitization phases. 3: Several formalion
episodes ol phreatic crystallizations correspond to
Maditarranean paleolevels during the middle
FPipistocens. 4: Procassas of aarial stalagmilization
continue, which alternata with stagas of phreatic
erystaliizations generation, §: Paleonlological remains of
emdemic vertabrates accumuiate in the interior of some
paverns. 8: Rocont erosional and sedimantary
mechanizms, marineg in origin, affect coastal caviies

pelectemes freatics associals a paleonivells pleis-
tocénics de la Maditerrania; igualment instructives
sdn algunes complexes seqiéncies estratigrafiques,
les quals inclouen bretxes ossiteres de fauna veria-
brada plio-pleistocénica intercalades entre episodis
de deposicid d'espelectemes i que, sovint, 8s barre-
gen amb sediments | morfologies d'erosid litoral. Les
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with littoral sedimenis and/or marine erosional
morphologies. The modern techniques of absolute
dating (UW/Th, ESR, paleomagnelism...) have
contributed to precise even more the general
chronological framework obtained through
geomorphological and conventional chrono-
stratigraphic methods.



modernes técniques de datacid absoluta (U/Th, ESRA,
paleomagnetisme...) han contribuit a precisar més
encara el marc cronologic general obtingut mitjangant
els metodes geomorfologics i crono-estratigralics
convencionals.

Les dades espeleccronologiques disponibles so-
bre el nostre entorn geogralic, demostran que durant
&l Pleistoce mitja | suparior les cavitats subterranies
mallorguines han experimentat una evolucia mor-
fologica escassa. Aquesta evolucio es limita, per re-
gla general, a fossilitzacions autbctones (espeleate-
mes) o al-loctones (bretxes ossiferes | materials
detritics marins o dunars) relacionades molt sovint
amb les oscil-lacions glaciceustatigues de la Medi-
terrania (Figura 5). Fins ara, les dades oblingudes en
la nostra illa suggereixen que I'edal dels maxims més
recents de carstificacio | espeleogenesi 8s ramunta,
amb lota probabilitat, al Pliocé o fins i tot a la transi-
cia Mioce - Plioca.

Agraiment

Aquest treball forma part del projecte d'investi-
gacia de la DGICYT namero PES4-1175,
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The speleochronological data available on aur
geographical area prove that, during the middle and
upper Pleistocene, the subterranean cavities of
Mallorca have undergone a scarce morphological
evolution., Generally speaking, this evolution is
restricted to autochthonous fossilizations
fspelecthems) or alochthonous ones (ossiferous
breccias and detrital material either marine or golian}
very often related to glacio-eustatic oscillations of the
Mediterranean (Figure 5). Up till now, the data
obtained on our island suggest that age of more
recent maximums of karstification and spelecgenesis
goes back, in all probability, to the Pliocene or even
to the Miocene - Pliocene transition.
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EL PALEOCARST A MALLORCA
PALEOKARST IN MALLORCA

Joan J. FORNOS ', Angel GINES?, Joaquin GINES ' & Antonio RODRIGUEZ-PEREA

Resum

Els diposits que confarmen l'illa de Mallorca sdn roques carbonatades en una propor-
cid del tot majoritaria, principalment calcaries | dolomies, La forta tactanitzacio soterla per
aguests materials dins de la complexa estructuracid que ha afeciat la Mediterrania ocei-
dental {com a part del Tethys) des dels Inicis da I'era mesozoica, ha propiciat al llarg dels
lemps geoldgics diverses etapes d'emersid del materials carbonatats qua han danat lloc al
desenvolupament d'importants fendmens paleccarstics, Entre aquests pariodes deslaca
—a parl de puntuals emersions d'edat intrajurassica—  1a fi del Cretaci | el comangamant
del Paleogen, quan va tenir lloc la carstificacid de bona part de les calciries del Jurazsic in-
lerior. Agues! paleccarst desenvolupat basicament sobre el Lias, aixl com el desenvolupat
al Mioee supenor i gue afecta les calcaries esculloses del Miocé terminal, sdn als axemplas
meés especlaculars que poden ser estudials a Mallorea,

Abstract

The deposits building up the island of Mallarca are nearly on the whole of limestone
and dolomite lithologies. These materials underwani a sirong tectonization due lo the
complex structuralion that affected the western Meaditarranaan (as part of tha Tathys) since
the beginning of the Mesozoic era. These pracesses have prapitiated, throughout the
geological imes, some events of emersion of the carbanate materials, which have givan
way lo the developmen! of impertant paleokarstic phenomena. Among thesa pariods
—apart from evenlual emersions of inlrajurassic age—  the final Cretaceous and most of
the Paleogene sland oul, when greal part of the Lowar Jurassic limestenas wara karstifiad.
Such paleckarsts developed basically on Lias deposits, as well as that farmed during the
Upper Miocene, which affected the reefal limestones from the terminal Miocena, ara tha
most spectacular examples lo be studied in Mallorea.

Introduccié

Els estudis sobre el paleocarst a Mallorca sén es-
cassos, malgrat els abundants exemples que hiha en
la columna estratigrafica present a l'illla (Figura 1) ai-
xi com als bons afloraments en qué son representats.
Es tracta tan sols d'estudis puntuals gue no aborden
la problematica regional més que d'una forma margi-
nal. La falta de mineralitzacions de cerla considera-
cid, com puguin ser diposits de baritina, fluonta o bau-
xites associades al paleocarst, aixi com |'escas
interés petrolifer de Mallorca, expliquan en gran me-

1 Dapartamant da Ciéncies de la Terra. Unlversital de les llles Ba-
lears, Cira de Valldemossa km 7,5. E-07071 Palma de Mallerca.

2 Museu Balear de Ciencies Maturals, Ciea Palma - Part de Sdllar
km 30. E-07100 Soller (Mallorca).

Introduction

Studies on Majorcan paleckarst are scarce
considering both the abundant cases present in the
stratigraphic column of the Island (Figure 1) and the
good outcrops represented in it. There are only
isolated studies which merely deal with regional
problematics. The absence of outstanding
mineralizalions, such as baritine, fluorite or bauxite
deposils associated lo paleokarst, as well as the low
imtarest in the oil-bearing rocks of Mallorca, are
certainly the main reasons for the scarcity of studies
on the diverse karstification evants,

The structuration that affected the Balearic
archipelago provoked several periods of emersion
that allowed successive karstification processes and
karst fossilization phenomena to occur. The
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sura aquesia manca d'estudis sobre els diversos epi-
sodis de carslificacid que afecten els dipdsits que
aflaren a la major de les llles Balears.

La forta estructuracid lectonica que ha afectal
I'arxipelag Balear ha ocasional diversos periodes
d'emersio donant lloc a successius procassos de
carstificacia i, fins i tot, de fossilitzacid del carst. Les
morfologies i els reompliments de les cavitats, aixi
com les litologies | la geometria dels cossos sedi-
mentaris relacionats, mostren un ampli ventall de
fenomens disposats al |larg de tota la seqiiéncia se-
dimentaria, en la qual les calcaries hi son ampliament
representades.

morphalogies and fillings of the cavities as well as the
lithologies and geomelry of the relaled sedimentary
bodies show a wide range of phenomena all along the
sedimentary sequence, in which limeslones are
widely represented.

It the present paper we discuss two cases which
have been studied more accurately. They are two
representative examples of the paleokarstic
phenomena involving the carbonate deposits of
Mallorca. The lirst one is represented in the Jurassic
limastones (FORNOS et al., 1986/87) and the second
one affects the reel deposits from the Upper Miocene
(FORNOS st al., 1989).
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Figura 1:

Columna loastratigrafica sintética de Mallorca amb in-
dicacko (lletxes) dels principals episcdis da carstificacid |
principals nivells alectats.

Fifjuran:
Sypnihelic ihostratgraphical column of Mallorea showing
{arrows) the main karstification episodes and lavels
affectad.

En el present treball es presenten dos casos que
s'han estudial amb més detall. Es tracta de dos
examplas representatius dels fenomens paleocars-
tics que atecten els diposits carbonatats de Mallorea.
El primer es troba represental a les calcaries corres-
ponents al Jurassic (FORNOS et al., 1986/87), | el se-
gon afecta els diposits escullosos del Miocé superior
(FORNOS et al., 1988).

Mallorca, la més gran de les llles Balears, es tro-
ba emmarcada dins de la complexa estrucluracic
tecténica d'edat alpina que va afectar la Mediterrania
pecidental. Des d'un punt de vista geomarfolbgic s'hi
diferencien dues serralades separades per una zona
central deprimida. La més important, la Serra de Tra-
muntana amb elevacions superiors als 1.000 m, pre-
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Mallorca, the biggest of the Balearic Islands, is
immersed within the compfex alpine tectonic
structuration that once affected the westarn
Mediterranean. From the geomorphological point of
view, lwo mountain ranges and a flat area, E/ Pia, can
be differentiated. The most important range, Serra de
Tramuntana, with peaks over 1,000 m, shows a NE-
SW direction and a rough relief which delimits the
istand on its NW edge. On the opposite side, in the
SE, the Serres de Llevant display a smoother
topography and lower heights in a NNE-S8SW
alignment. Both ranges are mostly composed of
mesozoic deposits folded and thrusted towards the
NW. They are separaled bul surrounded by the
central plain, El Pla, whose struclure is complex and



senta una direccio NE-SW 1 esta formada per relleus
abruptes que delimiten l'illa pel NW. A |'altra banda,
al SE, les Serres de Llevant presenten uns relleus
meas suaus | una menaor altura, amb una alineacio si-
milar MNE-S5W. Totes dues alineacions estan for-
mades en la seva major part per dipdsits d'edat me-
sozoica, plegats | afectats per una tectdnica
d'encavalcaments amb una vergéncia general de mo-
viments vers el NW. Estan separades i a la vegada
envoltades per una plana central, coneguda com el
Pla, d'estructura complexa i reomplerta en part per
diposits tabulars post-orogénics que comprenen des
del Mioce superior fins el Quaternari.

Paleocarst als diposits
jurassics
ESBOS ESTRATIGRAFIC

El Jurassic de Mallorca amb una poténcia global
de més de 500 m (Figura 2) presenta dues seqlén-
cies ben diferenciades (BARNOLAS, 1984; FORNOS
et al., 1984). La inferior esta formada per dolomies,
calcaries i bretxes carbonatades que corresponen a
dipdsits litorals i de plataforma interna. A la base pre-
senta facies estromatoliliques | abundants evaporiles
gue cap al sostre evolucionen a lacies de plataforma
abarta amb praséncia de margues amb bragquidpodes
i ammonits. Aquestes margues estan recobertes per

which is partially filled by post-orogenic labular
deposits that comprise from the Upper Miocene to the
Cluaternary.

Paleokarst on Jurassic
deposits

JURASSIC STRATIGRAPHY

The Jurassic from Mallorca, whose total
thickness is over 500 m (Figure 2), presents iwo well-
differentiated segquences (BAANOLAS, 18984;
FORNOS et al., 1984). The lower one is formed by
dolomiles, limesiones and carbonate breccias
corresponding to littoral and innar platform deposits.
At the base they show siromatolite facies and
evaporite moulds which, on the top, become facies of
apen platform confaining marls with brachiopods and
ammanites. These marls are covered by a level of
reddish and well-rounded quarlz sandstones. They
constitute a key level which is attributed to
the Toarcian (COLOM, 1975). The platform
sedimentation ends with the development of a hard
ground which gives way lo a pelagic sedimentalion.
The pelagic deposits (the upper sequence) consist of
an alternation of marls and marly limestones with
favels of chert as wall as with calcaranitic and oolite
layers rasulting from resedimentation processas.
They started during the Dogger and gradually
became more pelagic {with radiolaria, tintinnids,

Figura 2

Columnes sintétiques del Mesozoic mig | superior | del
Tarciari de la Sarra de Tramuntana de Mallorca, amb in-
dicacié de les diverses mantlestacions paleochrstiques
Les Unitals 1, 111 11l es refereixen a les principals unitats
encavalcants descritas par FALLOT (1922) (SABAT,
1886). Veure Hegonda a la Figura 1.
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Fimure 2

Synthetic columns of the Middle and Upper Mesozoic and
the Tartiary of the Majorcan Serra da Tramuntana
showing the differonl paleokarshic feafuees. Uiits 1 1 and
il refer to the main thrust sheels described by FALLOT

{1922) (SABAT, 1986). Sae caption of Figura 1. | &b.m
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un mivell de quarsarenites amb els grans de quars
ben arrodanits | vermellosos, que constitueixen un
bon nivell guia regional atribuit al Toarcia (COLOM,
1875). La sedimentacic de plataforma acaba amb el
desenvolupament d'un sol endurit (hard ground) que
donara pas a una sedimentacit pelagica. Els diposits
pelagics (que corresponan a la seqliéncia superior)
estan formats per una alternanga de margues | mar-
gocalcaries amb nivells de silex i indentacions calca-
reniligues i oolitiqgues producte dels processos de ra-
sedimentacid. Aguests dipdsits s'inicien al Dogger i
segueixen de forma continua amb facies cada cop
més pelagiques (nivells amb radiolaris, tintinids,
preséncia de séries condensades tipus ammonitico
rosso, etc.) fins el Cretaci superior. En aguests mo-
ments el procés de tormacio de la serralada pirinen-
ca produeix 'emersia de I'area balear i fins |'Eoccé
mitj& no hi tornam a trobar cap tipus de registre.

LES CAVITATS | ELS DIPOSITS
DE BRETXES ASS0CIATS

Les cavitats obsarvades an &l paleocarst desen-
volupat sobre les calcaries jurassiques, basicamenl
del Lias, sdn de tres tipus que endemeas &s caracle-
ritzen per tipus de reompliment diferents.

Les més grosses, d'ordre decamétric, presentan
una geometria irregular pseudo-cilindrica, amb parets
molt llises | netes (Figura 3). Estan reomplertes per
brelxes oligomictiques, heterométriques (des de
blocs d'ordre métric a matriu llimosa), amb clastos de
subarrodonits a subangulosos | sense cap tipus d'or-
denacio. Localment a la base hi son observables,
amb geometria lenticular, calcaranites laminades ver-
melloses amb grans de quars | insolubles. Des del
punt de vista petrografic les bretxes del reompliment
estan formades per les mateixes litologies que als
dipbsits encaixants, que localment poden estar tam-
bé bretxats. El reompliment doncs es ddna principal-
ment pel col-lapse d'aguestes cavitats.

Un segon tipus de cavitats (Figura 4) es troba si-
tual principalment al sostre de la seqléncia liasica.
Amb contactes amb la roca encaixant molt nets, pre-
zenta parels irregulars, amb geometries pseudocilin-
driques de dimensions decameéltrigues, que al sostre
maostren formes de volla relacionades amb les super-
ficies d'estratificacia (collapse dome). Aquestes ca-
vitats estan reomplertes de bretxes heterométriques,
encara que no tant com les descrites anteriorment,
amb els clastos de subarrodonits a subangulosos. La
composicid és polimictica essent reconeixibles ma-
terials procedents de la totalitat de la seglencia me-
sozoica, especialment Lias i Dogger. La matriu és mi-
eritica amb abundéncia de grans de quars procedents
especialment dels nivells de quarsarenites supraja-
cents del Toarcia.

El tercer tipus de cavitats correspon a fissuras
amb amplada d'ordre centimétric, allargades en la
vertical (Figura 5), i amb geometries del tot irregulars.
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presence of condensed Ammaonitico Rosso facies,
atc.) untif the Upper Cretaceous commenced. By that
tima, the amersion of the Balearic area had been
produced, so that no deposils at all can be found @il
the Middie Eocena.

CAVITIES AND ASSOCIATED
BRECCIA DEPOSITS

Cavities developed on Jurassic limastones
{Lower Jurassic In age) are of three types,
characterized by different fillings and gecmetries.

The widest, of decametric scale, show an
irregular pseudo-cylindrical geometry with very
smooth and neat walls (Figure 3). They appear to be

Figura 3:  Allorament de bretxes de col-lapsa monemictiques que
reomplen una cavital irregular pseudocilindrica an |as
calcaries del Lias (sa Calobra, Escorca).

Fiqure 3 Outcrop of monomictic collapsing breccias filling an
frregular psevdocylindrical cavity within the Liag
limestones (Sa Calobra, Escorcal

filled by oligomictic breccias of heterogeneous sizes
{from boulders of meiric scale to silty matrix)
containing the whole range from subrounded to
subangular clasts and lacking any sorting. At the
base, insoluble reddish laminated calcarenites of
lenticular geometry with quarlz grains can be locally
observed. From the petrographical point of view, the



Figura 4: GCavilal &l Lias superlor reomplarta per materials poll-
mictics amb formes de volla relacionados amb les su-
poricies d'estratificacid (sa Calobra, Escorca),

Figura 4:  Cavity from the Uppar Lias filfied by polymictic dome-like
materials related 1o slratification surfacas (Sa Calobra,
Escorca).

Estan reomplertes d'arenes | llims vermells, local-
ment amb microconglomerats, formats per grans de
quars arrodonits vermells procedents també dels ni-
valls toarcians. Localment presenten laminacia | gra-
noclassificacio.

DESENVOLUPAMENT | EDAT
DEL PALEOCARST

La geometria i el tipus de contactes encaixants
de les bretxes dins de la formacio carbonatada liasi-
ca son clars indicadors de la seva relacié amb cavi-
lals carstiques. La preséncia de micrites laminades a
la base d'algunes bolsades | I'abséncla d'espeleote-
mes indiquen la formacio de les cavitats per sota del
nivell freatic; encara que lambé poden explicar-se per
la llarga diagénesi de tal el dipasit, que en homoge-
neitzar-se provoca la seva eventual dissolucid. Els
tres tipus de cavitats, aixi com els seus reompliments
associats, corresponen a situacions diferents dins del
sistema carstic,

El reompliment per bretxes oligomicliques que
correspon a les cavitats més grans es donaria en les
zones més allunyades | més mal comunicades amb
'exterior. La preséncia de grans blocs, juntament
amb clastos de menor mida | arenes, abonaria una
ganesi per col-lapse de la cavitat. Les cavitats més
ban comunicades amb l'exterior presentarien las
bretxes polimictigues menys heterométriques | amb
un poc mes de transporl. Les fissures representarien
els estadis inicials o juvenils de la porosital. El reduit
flux de circulacio a través de les fissures només pot
daonar lloc al reompliment per sediments fins residuals
de la dissolucié carstica, aixi com per alguns ele-
ments insolubles procedents de |'exlerior (guarsare-
nites del Toarcia).

El procés de desenvolupament del paleocarst en
els dipbsits carbonatats jurassics, amb la important
formacié d'aquestes masses de bretxes, deu haver-

refilling breccias are composed of the same fitling
deposits thal can also be brecclated locally.
Therelore, the filling is mainly due to the collapsing of
such cavilies.

Cavilies of the second type (Figure 4) are mainly
placed on top of the Lias sequence. They show a very
clean contact surface with the fitting rock as well as
rather irregular walls with pseudocylindrical
gecmetries of decamelric dimensions, which on the
top show domea-like forms ralated to the stratification
surfaces (collapse dome). These cavilies are filled
with heterometric breccias, although nol lo the extent
of those described above, composead by clasis of
subrounded to subanguiar shape. Their compaosilion
is polymictic and materials fram the whole mesozoic
sequence, especially Lias and Dogger can be
recognized. The matrix s micritic and conlains
abundant quartz grains which mainly come from
Toarcian sandstones.

The third tvpe of cavities corresponds to fissures
of centimetric width that appear to be enlarged very
irregularly length wise (Figure 5). They are fillad by

Recmplimant da fissuras a les celcaries del Lias per are-
nas | microconglomerats del Toarcia (sa Calobra, Escor-
ca).

Figure 5:  Fissure filling of the Lias limestones by sands and
microconglomerates from the Toarsian (Sa Calobra,
Escorca).

sands and red sills and, locally, there are
microconglomerates formed by red rounded quartz
sands coming also from the Toarcian levels. Locally,
they present lamination and sorting.

DEVELOPMENT AND AGE
OF THE PALEOKARST

Both the geomaelry and the fitting contacis of the
braccias within the Lias carbonate formation clearly
reveal their relation with karstic cavities. The
presence of laminated micrites at the base of some
pockets together with the absence of spelecthems
may prompt us to assume that the formation of
cavilies takes place below the phrealic level;
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se donat amb posterioritat a la seqliéncia pelagica
mesozoica ja que son clars | abundants els clastos de
materials pelagics reamplint les cavitats carstiques.
Estudis petrologics de detall a la zona de Pollenca
(ADAMS, 1989) reconeixen dues etapes de carstifi-
cacid. Mo obstant, a partir del coneixement regional
sembla clar associar la formacid del paleccarst amb
el periode d'emersio paleccena, ja que a la tolalital
de les Balears no s'han trobal materials partanyents
a aquesta edal. Encara que tambe hi ha una discor-
danga, de menor entital, entre I'Oligocs | el Mioce, no
s’han trobat matarials d'edat accena o oligocena as-
sociats als diposits de bretxes da reompliment del pa-
leocarst.

Paleocarst al Mioce superior

ESBOS ESTRATIGRAFIC

El Miocé superior de Mallorca aflora ampliament
en forma d'una série de plataformes tabulars al vol-
tant dels relleus estructurats | donant un tipus de pai-
satges que localment es coneixen com a "marines”,
Aquests afloraments tabulars formen a la linia de cos-
ta penya-segats litorals abruptes que, encara que
maoll continus, rarament superen la trentena de me-
tres d'altura (Figura 8). Les plataformes que aquests

Figura 6: Las calcaries del Miocé supearior afloran al llarg del Mig-
jorm de Mallorca, essent moll lregoents els lendmans do
col-lapse cérstic, Els nivells basals a ran de mar corres-
ponan a la Unitat Escullasa, els nivalls ban astratificats
pertanyon a les Calchries de Santany|,

Figure & Limesiones from the Upper Miocene oulcrop all afang the
Migjarn ragion in Maliorca, whera collapsing karsilc
phenomona took place. The basal malerials at sea laval
correspond fo the Reefal Unil, whereas the well-stralified
levals correspond to the Santanyl Limestonas Unil.

diposits post-orogenics configuren estan solcades
par torrenis que en arribar a la linia de costa formen
les tipigues morfologies litorals conegudes com a ca-
les. La continuitat | elevada qualitat dels afloraments
costaners permeten 'estudi d'aquests dipdsits i dels
processos que els han afectat, encara que en direc-
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nevertheless, they could be also due to the long
diagenesis undergone by the whole depaosit which,
when becoming homogeneous, might have provaked
its own eventual dissolution. The three types of
cavilies as well as their associated fillings correspond
to different situations regarding the karstic system.

The process of refilling with oligomictic breccias,
which occurs in the biggest cavitias, would take place
in the deepest zones and in those hardly connecled
with the open air. The presence of big blocks mingled
with sands and smaller clasts may indicate a cavily
genesis through collapse. Those cavities bast
connected to the oulside would show the leasi
heteromelric polymictic breccias and a slightly high
transport rate. The fissures would then represent the
initial or juvenile state of porosity. The low flux of
circulation through them could only allow the filling by
fine-grained sedimenis remaining from karstic
dissolution, as well as the presence of insoluble
elemants coming from the outside (Toarcian quartz
sands).

The development of paleckarst within the
Jurassic carbonate deposits, involving the formation
of such breccia masses, must have bean formed after
the Mesozoic pelagic sequence, so that clasls of
pelagic materials are abundant in what concerns the
filling of karstic cavities. Detailad petrological studies
an the Pollenga area (ADAMS, 1888) recognized two
stages of karstification, Taking inta account the
knowledge on the region acquired to the present lime,
it seems reasonable to associate the formation of
palaakarst with the Paleocene emersion period, as no
materials from this age have been found at all in the
Balearic Islands. Although there is also a less
remarkable discordance belween the Oligocene and
the Miccene, no matarials from these ages have been
found in association with the breccia deposils refilling
the paleckarst.

Paleokarst during the
Upper Miocene

UPPER MIOCENE STRATIGRAFPHY

The Upper Miocene outcrops widely in Mallorca
as a series of tabular platforms surrounding the
structured areas, which form a kind of landscape
locally known as “marines”, Such tabular ocutcrops
produce, all along the sea-coasl, rather continuous
littoral ciiffs which rarely exceed 30 m in height
(Figure 8). The platforms fashioned by these post-
arogenic deposits are furrowed by streams which,
when reaching the coast line, form the typical littaral
antrance morphologies known as “cales”. The
confinuity and high quality of the coastal outcrops
alfow accurate studies on such deposits as well as on
the processes that once affected them; nevertheless



cid cap a l'interior la gualitat dels afloraments baixa
de forma exponencial.

El Mioce superior de Mallorca, aixi com el de la
resta de 'area medilerrania, esta format per facies de
plataforma carbonatada amb esculls molt ben de-
senvolupats (ESTEBAN, 18979/80). A Mallorca, clas-
sicament, s'hi han detfinit tres unitals deposicionals
(POMAR et al., 1983; POMAR at al., 1985) clarameant
diferenciades per la seva litologia i 'ambient de for-
macid gue representen (Figura 7). A la base, | dispo-
sada de forma discordant sobre els diposits pre- i sin-
tectonics afectats per la tectdnica alpina, hi ha la

their guality decreases exponentially as one
advances inland.

The Upper Miocene of Mallorca, as in many
Mediterranean areas, consisls of facies of carbonate
platforms with well-developed reefs (ESTEBAN,
1879/80). Classically, three depositional unils have
been defined for Mallorca (POMAR et al., 1283;
POMAR et al., 1985), all clearly differentiated through
their litholegy and the farmation environment they
represent to (Figure 7). At the base cne can find a unit
named "Calcisiltites with Heterostegina™ which is
placed discordantly over the pre- and sintectonic

PLIOCE Calcisiiteos de Son M
PLIOCENE Son Mir Caloriaado:s
Calchrios de Santanyl
MIOCE Santanyl Limesiones | PALEOCARST
Figura 7: SUPERIOR PALEOKARST
Esquama :rs'lm_ﬁg-m-c del Miood supenor de Malloroa Unital Eselilosa Col lapsa |
amb la disposicid del paleocarst. UPPER formac da
bealias
MIOCENE Rt Lind
Figure 7: Collmprzr
Stratigraphical outline of the Upper Miocene from and braccia
Maliorca shawing paleakarst setting, MIOCE MIG | Calcisitites /Cakcisities isbdcucit
MIDDLE amb { with
MIQCENE Hatorostegina

unitat anomenada “Calcisiltites amb Heterostegina”.
Aguesta unitat, que esta formada per calcarenites i
calcisiltites amb una abundant fauna d'equinids | gue
presenten una {orla bioturbacio, correspon a facies
de plataforma carbonatada oberta. Par sobra
d'aquests nivells, | de forma lleugerament discordant,
es presenta la "Unitat Escullosa™ (POMAR, 1881)
afectada per un sistema de fracturacid de tipus dis-
tensiu. Esta formada per calcarenites bioclastiques i
esculls de corall amb nivells de calcaries oolitiques i
estromatolits. La unitat descrita correspon al desen-
volupament d'esculls de corall tipus barrera amb am-
ples lagoons. El sostre de la unitat escullosa presen-
la una superficie erosiva i parcialment carstificada. A
la zona del sud i del llevant de Mallorea, aguesta su-
perficia esta recoberta par la "Unitat Calcaries da
Santanyi* (FOANOS & POMAR, 1884). Aquesta uni-
tal esta formada per diposits carbonatats de tipus li-
toral amb una gran varietat de facies (mangles, pla-
nes arenoses) on destaquen les calcaries oolitiques.
Els nivells superiors d'aquesta unitat estan formats
per calcaries estromatolitiques que enregistren un
important event regressiu. El sostre esta truncat per
una impeortant superficie d'erosid coberta per dipdsits
d'edat pliocena.

MORFOLOGIES CARSTIQUES

Al Migjorn de Mallorea, en els penya-segals de
les rodalies de Santanyi, son molt fragients les mor-
fologies relacionades amb fendmens de subsidéncia
ocasionats per processos de dissolucio carstica, Des

depasits. This unit, formed by calcarenites and
calefsiltites, contains an abundant fauna of
foraminifers (Heterostegina) and echinids. It shows
strong bioturbation and it corresponds (o open
carbonate platform facies. On top of this unit slightly
unconformably outcrops the “Aeefal Uni" (POMAR,
1881). It is composed of bicclastic calcarenites and
coral reefs interlayered with levels of oolite
limestones and stromatolites and it is affected by
normal faults. It corresponds to the development of a
coral reef of barrier type with wide lagoons. The top of
the reefal unit presents an erosive surface partially
karstified. On the southern and eastern zones of
Mallorca that unit is coated by the “Santanyfl
Limestones Unit" (FORNOS & POMAR, 1984). It is
formed by carbonale deposits of a littoral type
involving a greal variely of facies including oolite
limestones (mangroves, sand shoals). The
uppermast levels are formed by stromatolite
limestonas which reveal an impartant regressive
event. The top appears truncated by a relevant
erosion surface covered by deposits of Pliocena age.

KARSTIC MORPHOLOGIES

On the Migjorn region {southerm Mallorca), in the
cliffs surrounding Santanyi, features related to
subsidence phenomena caused by karslic dissolution
processes are frequently found. They can be
observed from Cala Llombards, South of Santanyi, 1o
the North of S'Algar, in Portocolom. A series of nearly
continuous deformations in the form of sinkings follow
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de Cala Llombards, al S de Santanyi, fins al N de 5'Al-
gar, a Portocolom, s'observen deformacions en for-
ma d'enfonsament, de manera més o menys conli-
nua, seguint &l contacte entre la Unitat Escullosa i les
Calcaries de Santanyi (Figura 8). En detall aquest fi-
pus de deformacio (col-lapses) afecta freqlentment
a tot el pagquet de |es Calcaries de Santanyl, tant als
nivells inferiors (els maés plastics), corresponents a ni-
vells interpretats com a mangles (FORNOS & PO-
MAR, 1982), com als nivells superiors donats com de
plana arenosa oolitica (oofitic sand shoal ), La Unital
Escullosa esta afectada tan sols en els seus nivells
superiors.

Morfologicament aguestes deformacions paleo-
carstiques presenten tres parts ben diferenciades des
de la base al sostre (Figura B). Aixi, la base, sempre
localitzada dins de la Unitatl Escullosa, presenta una
cavitat amb una forma irregular i amb dimensions
molt variables. Esta reomplerta per fragments, d'an-
gulosos a subangulosos, tani de la propia unitat com
de la unitat superior, Al mig, un conducte en forma de
xemeneia estreta amb parets forga rectilinies i quasi
verlicals, posa en contacte la cavitat infenar amb una
depressid sinusoidal molt marcada, que és el resultal
de la deformacid plastica dels nivells infariors de les
Calcaries de Santanyi, els quals conflugixencapala
xemeneia de forma concéntrica. Excepcionalment
aguesta forma superior esla representada per una
area confinada de blocs caiguts correspenents als ni-
vells superiors de les Calcaries de Santanyi. El dia-
metre de la depressio oscil-la entre els 251 90 m an-
cara gue n'hi poden haver de molt petites (<5 m
d'amplada), mentre gue la seva profunditat maxima
al centra va des de 3,5 a 14 m; les parets de |a de-
pressic presanten un pendent de 20° a 307, inclinacid
que supera els 45° fins a la verticalitat en el punt
d'inflexié que déna pas a la xemeneia.

La morfologia general d'aguestes estruclures de
col-lapse sembla la d'un rellotge d'arena, perd amb
una forma asimétrica, en esser la cavitat superior
mes ampla i suau que la cavitat inferior (Figura 8},

C#HAGTEHI‘STIQUES DELS DIPOSITS
CARSTICS | PROCESSOS DE FORMACIO

La formacis, per dissolucid, de cavitats i els ulte-
riors macanismes de col-lapse que les afecten donen
lloc a processos de formacia de brelxes (Figura 9).
Aquesies bretxes presanten caraclerisliques compo-
sicionals | texturals molt variades en funcid del pro-
cés genétic, dels nivalls del Miocé superior involu-
crats, | dels diferents estadis d'avolucia del col-lapse
carstic.

Hi ha diversos tipus de bretxes amb petites va-
riacions, essent les més evidents les bretxes de
col-lapse generades per la caiguda i el reompliment
per blocs i clastos. La porositat interparticula, moll
elevada, pol mostrar diversos episodis de creixemeant
de ciment carbonatat. Sobretot llims vermells, | més
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the contact between the Reefal Unit and the Santanyi
Limestones (Figure 6). Such a type of deformations
feollapses) often affect the whole assembiags of
Santanyf Limestones. They are mostly located on the
lower lavals {the more plastic ones) corresponding to
those which have been identified as mangrove-
related sediments (FORNOS & POMAR, 1982, but
they also affect the upper levals considered as oolite
sand shoal. The Reefal Unit has been only affected
arn its upper levels.

Regarding their morphology, these karstic
deformalions present three well-differentiated parts
from the base to the top (Figure 8). Hence, the base

Figura & Esguema meroldgic dels collapses que alecton ¢ Miccé
superior, La morfologia ée assimilable a la d'un relioige
d'arena,

Figura 8:  Morphologice! outling of ihe collapses affecting the Upper
Miocena. Thair marphology is similar fo that of an
howrglass

which is always immersed within the Reefal Unit,
shows an irregularly shaped cavify of hetarogeneous
dimensions. It is filled by angulous and subangulous
fragments coming from both the Reefal Unit itself and
the upper one. In the middie, there is a narrow
chimney-like conduit whose walls are highly
rectilinear and almost vartical, and which connect the
lower cavity with a sinusoidal depression resulting
from the plastic warping of tha lower lavels of the
Santanyi Limestones. Such lavals marge lowards the
chimney in a concentric way. Occasionally this upper
struciure appears to be reprasented by a confinad
area of fallen blocks corresponding to the upper-level



Figura 3:  Bretxes de col-lapse formadas par clastos angulosos de
calchries oolitiques peranyents a les Calciries de San-
tanyi quo reomplen cavitats dins de la Unital Escullosa.

Figure 9:  Collapsing breccias farmed by angular clasts of oolite
limestones from the Samtanyr Limestones, which fill
FRaafal Linit cavitias,

rarameant argiles, acompleixen el darrer estadi de re-
ompliment de la cavitat, que no s necessariameant
contemporania a la formacid de les bretxes,

Quan els materials involucrats en ¢l col-lapse
arriben als nivells superiors de les Calcaries de San-
tanyl —les calcaries oolitiques (grainstones)— les
bretxes formades sdn oligomictiques i presenten
clastos molt angulosos, amb una mida que va des de
centimelres fing a més d'un melre, sense ohservar-
s matriu. En canwvi, si als materials involucrats no-
mas arriben als nivalls inferiors (facies de mangles),
als clasios de les bratxes s0n de subangulosos a sub-
arrodonits, amb una mida d'ordre centimétric | amb
una matriu formada per calcarenites i calcisiltites.

La cavitat basal, localitzada sempre dins de la
Unitat Escullosa, es troba sempre reomplerta de bret-
xes polimictigues amb clastos de mida molt variable
(de e¢m a més d'un metre) d'angulosos a subarrodo-
nits i amb una preséncia important de matriu calcare-
nitica.

Els diversos lipus de bretxes es corresponen als
diversos asladis de desenvolupament dels col-lapses
carstics. La distribucio espacial relacionada amb la

Santanyi Limestones. The diameter of such an upper
depression ranges from 25 to 80 m, although very
little ones (<5 m wide) can also be found, while ils
maximum depth to the cenire ranges from 3.5 to 14 m;
the depression walls present a slape of 207 to 30°,
which can exceed 45° reaching even total verticality
in the inflexion point opening to the chimney.

The general morphology of the collapsing
structures resembles that of an hourglass, although
with asymelric shape, as the upper cavity is wider and
smoothar than the lowar ona (Figure 8).

CHARACTERISTICS OF KARSTIC DEPOSITS
AND FORMATION PROCESSES

Cavity formation by disselution, as well as furlher
collapsing mechanisms affecting them, give way lo
the formation of breccias (Figura 8). Thasa display
very varied compositional and textural characteristics
depending on the genelic process, the involved Uppar
Miccene levels and the different evelutionary stages
of the karstic collapse.

There are several types of breccias shawing
slight differences, the most obvious being the
collapsing ones generated by the faliing off and filling
of rocks and clasts. The interparticle porosity, which
is very abundant, may show diverse stages of the
growth of carbonate cement . Not so frequently, clays
and, mostly, reddish sills, conform the last stage of
the cavity infilling which was nol necessarily
simultaneaus with the formation of breccias.

When the materials involved in the collapse
reach the upper levels of the Limestones of Santanyi
—oolitic grainstones— the resulting breccia deposits
are oligomictic, contain very sharp clasts of sizes
ranging from a few centimeters to more than ane
meter, and lack any matrix. However, in cases whara
the materfals just reached the lower levels {mangrove
facies), the breccias contain subangulous to
subrounded clasts of centimetric size and a matrix
composed of calcarenites and calcisiltites.

The basal cavily, always set within the Reefal
Unit, is filled by polymictic breccias with clasts of
varied siza (from 1 em lo over 1 m) and shape (from
angular to subrounded) and with an impartant
presence of a cafcaranitic mairix.

Different types of breccias correspond to the
diverse developing stages of karstic collapses. The
spatial distribution related to the present facies
correlates with the collapse growth stages, which
begin with both the dissolution of the Reefal Unit and
the filling through semi-plastic breaking of the basal
levels of Santanyi Limestones, ending however with
the fragile breaking of the upper deposits of oolite
limestones.

PALEOKARST DEVELOPMENT

In the Migjorn area, the so-named Reefal Unit is
mainly formed by lagoon facies with alternating
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distribucio de les facies es correlaciona amb les eta-
pes de creixement del col-lapse, que s'inicia amb la
dissolucio de part de la Unitat Escullosa, el reompli-
ment per trencament semi-plastic dels nivells basals
de les Calcaries de Santanyi, fins el trencament fra-
gil dels diposits superiors amb calcaries oolitiques.

DESENVOLUPAMENT DEL PALEOCARST

L’anomenada Unitat Escullosa esta formada en
aquesta zona del Migjorn mallorqui principalment per
facies de lagoon, amb diposits alternants de calcare-
nites i calcisiltites, presentant un creixement puntual
de coralls en forma de taques (patch reef). L'elevada
porositat resultant de la dissolucié de la massa ara-
gonitica dels coralls provocaria el flux subsident de
materials plastics cap aquests forats, [a qual cosa a
la vegada ocasionaria un increment de la porositat en
nivells superiors, que en darrer terme donaria lloc al
trencament, la bretxificacid i el col-lapse (amb el re-
ompliment d'aquesta segona cavitat) (Figura 10).
També les caracteristiques texturals diferencials en-
tre les facies descrites de la Unitat Escullosa i les
Calcaries de Santanyi afavoririen clarament un dre-
natge subterrani a través de la Unitat Escullosa.

deposits of calcarenites and calcisiltites, and it
presents isolated coral colonies as patch reefs. The
high rate of porosity resulting from the preferent
dissolution of coral aragonite might provoke the
subsident flux of plastic materials towards those voids
which, would consequently, increase the porosity of
the upper levels so that, to a certain point, they would
produce the breaking, the brecciation and the
collapse (then causing also the filling of such a
second cavity) (Figure 10). Moreover, the differential
characteristics of the texture between the facies
described from the Reefal Unit and the Santanyi
Limestones would certainly favour a subterranean
drainage throughout the Reefal Unit.

There is no clear evidence on the functioning of
this kind of paleokarstic depressed subsidence-
structures as real dolines, so that no direct connexion
with the surface has been found, although the own
development of the collapses could, in extreme
cases, reach the surface. Clear morphologies of
subaerial exposition have not been found either.
Consequently, the model seems to be in accordance
with the notion of subsidence in a subjacent karst
assumed by JENNINGS (1985).

Nivell de la mar
Sea level

Aconteixements sedimentaris
Sedimentary events

Desenvolupament del paleocarst
Paleokarst development

Facies de lagoon amb coralls
Lagoon facies with patch reefs

Porositat primaria
Primary porosity

DESENVOLUPAMENT DEL PALEOCARST

4

PALEOKARST DEVELOPMENT

Exposicié agria
Aerial exposure

Inici de la carstificacid
Beginning of karstification

Establiment d'ambients litorals amb mangles
Setting of mangrove and littoral environments

Engrandiment de les cavitats
Enlargement of cavities

Desenvolupament d'una plana arenosa oolitica Col.lapses i formacio de bretxes
Oovlite sand shoal development Collapse and breccia fromation

Figura 10: Esquema evolutiu del desenvolupament del paleocarst al

Figure 10: Evolving outline of paleokarst development affecting the
Miocé superior de Mallorca.

Upper Miocene of Mallorca.
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Mo hi ha evidéncies clares d'un funcicnament
d'aquests enfonsaments paleocarstics com a autén-
tiques dolines, ja gue en cap cas no 5'ha observat una
connexid directa amb la superficie, encara que el pro-
pi desenvolupament dels col-lapses pugui, en darrer
exlrem, arribar-hi. Tampoc no s'’han observat clares
morfologies d'exposicid subaéria; en conseqléncia el
model sembla apropar-se al concepte de subsidéncia
en un carst subjacent tal com és recollit per JEN-
MINGS (1985).

L'edat de desenvolupament del paleccarst és di-
ficil de concretar. El seu inici sembla ser immadiata-
ment després de la deposicio de la Unitat Escullosa.
El creixement de les cavitats subjacents deu haver
continuat durant la deposicid de les Calcaries de San-
tanyi, almenys fins a la seva litificacid, donat que la
deformacio o el trencament (bretxificacid) dels seus
nivells seria impossible amb sediments no consoli-
dats. Aixi maleix el procés de carslificacio pot haver
cantinuat durant el Pliocé i, probablement, el Pleis-
toce.

Altres exemples de
paleocarst

Els dos exemples comentats sdn els més espec-
taculars i ampliament representats dels fendmens pa-
leocarstics gue es poden observar a Mallorca, Mal-
grat tot, al llarg de tota la série estratigrafica
representada a Mallorca, han estal molls els periodes
d'emersio que han donal lloc als fenamans da carsti-
ficacio dels dipdsits carbonatats. Diversos apisodis
ocorreguts durant el Pleistocé, els transits Mioce-
Pliocé i I'Cligoce-Miocé, | localment intrajurassics,
han permés el desenvolupament de morfologles i ca-
vitats originades pels processos de dissolucid de les
rogues carbonatades. Entre ells hi destaguen, espe-
cialment per les seves dimensions, les cavitats | els
reomplimenis posals de manifest en ocasio dels son-
datges realitzats per la invesligacio geologica del pro-
jecte de transvasament de sa Costera (Escorca). Co-
rresponen probablemant als diposits descrils en
I'apartat que tracta del paleccarst als dipdsits juras-
sics, perd representen cavitats de desanvolupamant
vertical, amb algunes desenes de metres de fondana,
pocs metres d'amplada i rebliment polimictic similar
al de les cavitats del segon tipus descrites anterior-
ment. Les cavitats reblides s'encaixen dins bretxes
oligomictiques d'edat possiblement mesozoica, | es
tractaria de rebliments produits en I'emersid paleo-
cena.

The time when paleokarst developed cannot be
easily determined. Ifs beginning seems lo take placa
fust after the deposition of the Aeeial Unit. The growth
of the subjacent cavities must have continued during
the deposition of the Santanyi Limestones, at least
untif they were lithified, because the defarmation or
breaking (brecciation) which its levels underwent
would have been impossible if the sediments were
nen-consalidated. Nevertheless, the karstification
processes might have continued in some places
during the Plioccene and the Pleistocene ages.

Other examples of paleokarst

The two examples explained above happen to be
among the most speclacular and best represented
paleokarst phenomena observed in Mallorca.
However, all along tha stratigraphic saries sel in the
istand, there appear many pariods of amearsion likely
fo produce the karstification phenomeana prasent in
the Majorcan deposits. Several events which
occurred during the Pleistocene, the Miocene-
FPliocene and the Oligocene-Miccene transitions, and
lecally during the Jurassic, allowed the development
of features and cavities originated by means of
dissolution processes acting on carbonate rocks.
Among them, the cavilies and fillings brought to light
by the drillings carried out by the geological research
lzarm al the piping works of Sa Coslera spring {Soller)
are remarkable, especially due to their magnituds.
They probably correspond to the deposits described
above as paleckarst on Jurassic deposits, although
the cavities show vertical development, a few tens of
meters in depth, a few meters in width, as well as
polymictic fillings similar to those of the second-type
cavilies also described above. The cavities are fitted
within oligomiciic breccias of supposedly Mesozoic
aga and il could be assumed that the filling was
produced by the Paleocens emersion,
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Agraiments

Els autors desitgen agrair a E. Descals, N. Llo-
rente i G. Pons els comentaris | correccions efectuals
sobre el primer manuscrit que de bon segur han fet
millarar el text final i també, | molt especialment, a
Lluis Fiol el dibuix de les figures. Aquest treball s'ha
vist en part beneficiat pel projecte d'investigacio de la
DGICYT: PB94-1175.
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FAUNA CAVERNICOLA DE MALLORCA
CAVERNICOLOUS FAUNA OF MALLORCA

Guillem X. PONS ', Damia JAUME: & Jaume DAMIANS 3

Resum

E= realitza una sinles| dels coneixements assolits sobre |a fauna hipogea de Mallerca,
I'arxipélag de Cabrera i l'illa de sa Dragonera, des de |a visita d'Emil G. Racovitza fins als
nosires dies. Es descriuen els dilerenls ambienls ocupats per aquesta fauna i as presanta
un Inventari exhaustiu de les especies, aixi com un llistat de la bibliografia més rellevant sn-

bre la binespelealogia Balear.

Abstract

A review of the hypogean fauna of Mallorca and its islets Is prasantad. Tha pioneearing
work of Emil G, Racovitza in the caves of Mallerca and the range of differant hypoegean
anvironments on the Island are described. An annaoltated checklist and a brief
biogeographical analysis of the fauna are presgnted.

Mallorca i la bioespeleologia

La bioespeleclogia, o ciencia que estudia la vida
al medi hipogeu, deu el seu reconeixement com a ve-
ritable disciplina cientifica a la figura del romanes
Emil G. Racovitza (1868-1247) (Figura 1), i tambe en
part a les cavernes mallorquines.

En Racovitza fou un bidleg mari d'anomeanada
durant ¢l primer terg de segle, qui desenvolupa gran
part de la seva tasca cientifica al laboratori ocea-
nografic de Banyuls de la Marenda (Vallespir-
Franca). Es tracta d'un explorador incansable, alho-
ra que d'un cientific dotat de gran capacitat
d'organitzacid. Aixi va poder compaginar la recerca
amb importants carrecs direclius, tant al seu labora-
tori com a d'altres instilucions académigues france-
ses i romaneses. A mas, i tal valla el meés important
de cara a l'orientacio que prendria la seva carrera, en
Racovitza era un aventurer nat.

Als 29 anys, seguint una tradicio fortament arre-
lada entre els naturalistes decimonénics, es va am-
barcar en una expedicio cientifica transoceanica, que

1 Instiut &' Esludis Avangats de les llles Balears (CSIC), Ctra, Vall-
demossa km 7.6, 07071, Palma da Mallorca.

2 Dept. of Zoology, The Natural History Museum, Cromwell Road,
Londaon SW7 SBD.

3 Grup Espelealdgic Est, Palma de Mallarca.

Mallorca and biospeleology

Biospeleology, the study of the hypogean life,
owes fts origin as a modern scientific discipling to the
pioneering work of the Rumanian zoologist Emil G.
Racovitza (1868-1347) (Figure 1), who began his
researches in the caves of Mallorea.

Racovitza was a reputed marineg biologist who
spend the greater pari of his scientific career at the
marina laboratory in Banyuls-sur-Mer (Vallespir,
France). A tiraless explorer and researcher, he also
possessed a greal talent for arganization. This quality
was demonstrated by the diversily of science themes
he addressed during his career, at the same tima as
occupying important managerial positions both in his
laboratory and in other academic institutions in
France and Romania. However one the most power
influences on the direction of his researches was
Racovilza's nalure: he was a born adventurer,

Al the age of 239, following a deeply rooted
tradition of XIXth naturalists, he embarked on a
3-year sciantific expedilion lo Antarctic waters. The
ship (the «Belgicas») was piloted by a young
Norwegian, Aoald Amundsen, destined o become
the most famous Antarctic explorer, although this did
not save the expedition from an unexpectad
overwintering among the ice floes. One remarkable
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el portaria per aigies antartiques durant 3 llargs anys.
El vaixell fou pilotat pel qui arribaria a esser el mas fa-
mas explorador antartic, el norueg Roald Amundsen,
la gual cosa no va estalviar als expedicionaris una hi-
vernada inesperada entre els gels. Fruit d'aguest viat-
ge fou, entre d'altres, la seva molt anomenada me-
maria sobre la biclogia dels cetacis antartics (RACO-
VITZA, 1903).

Figura1: Emil G. Racovitza {1868-1947), [recollida a ORGHIDAN,
1970).

Figure 1: Emil G. Racovilza (1868-1947), (fram ORGHIDAN,
1570).

Ja establit a terres franceses, es va decantar de
la biologia marina als 36 anys, edat a la que inicia les
seves eixides espeleoldgiques. En aguest moment la
seva activitat exploratdria es torna frenética, arribant
a prospectar més de 1.400 cavernes de les vessants
francesa i ibérica dels Pirineus, Corsega, les Balears,
lugoslavia | Algéria, a més a meés d'allres indrels.

En Racovitza visita Mallorca 'estiu de 1904, en
el decurs d'una expedicio occeanografica. El seu ab-
jectiu era recollir materials biologics procedents de
dragals de la costa mallorquina. Els dies 16 a 20 de
julial, durant un recas en les tasques de dragalge, rea-
litza una visita a les Coves del Drac, a la costa de Ma-
nacar, Tal com ara d'esperar, no es va deixar em-
badalir per |a bellesa da les concrecions | llacs de la
gruta: feni portar un bot desmontable del seu vaixell,
es va endinsar per la cova, aprofitant 'ocasio per rea-
litzar una acurada prospeccio faunistica | una série
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fruit of this journay, among others, was his renowned
observations on the biology of the antarctic cetaceans
(RACOWVITZA, 1803),

Once established in France, Racovilza
abandoned marine biology at the age of 38, and
developed a passionate intarest in biospelaology. His
activity was almost frenzied: He explored mors than
1,400 caves on the French and Spanish slopes of the
Fyrenees, in Corsica, the Balearic [slands. the
Balcans and Algeria.

Racovilza visited Mallorea in 1804 in the course
of an oceanographic expedition {o collect biological
spacimeans from dredgings on the Balearic coast.
From the 16th to 20th of July he visited the Coves del
Drac in Manacor, an anchihaline cave which had
achieved international fame aller being explored by
the French spelfeciogist E.A. Marlel in 1888 and 1801.
Racovitza carried out an accurate faunistic survey as
well as same observations an water and air
temperatures. One result of this short visit was the
discovery, among other animals new to science, of a
blind and unpigmented aqualic crustacesn,
Typhlocirelana moraguesi, which he described
formally a year later (RACOVITZA, 1805) (Figura Z).
The morpho-physiclogical adaptations lo the
hypogean environment exhibited by this animal
impressed Racovitza so much thal, on returning to his
laboratory, he dedicated himself to a compilation and
analysis of all data currently available on cave-
dwelling animals. This task generated his famous
«Essal sur le problémes biospéologiquess»
(RACOVITZA, 1907a), a magisterial Ireatise in wich
he focused sharply on the main problems to be
invesligated in relation to cave life, and criticised
inaccuracies, misinterpretations and erroneous
theories pravailing in that field of the seientific
knowledga,

From that momen! onwards cave organisms
have attracted a multitude of naturalisis, especially on

Figura 2: Typhlocirolana moraguesi RACOVITZA, 1905, primera
espicie hipogea descoborta a Mallorea (lolo corlesia de
n'Angel GINES).

Figura 2: Typhlecirolana moraguesi FACOWVITEA, 18085, the lirst
hypagean animal discovarad on Mallorca (phote by
courtesy of Angol GINES)



d'observacions sobre la temperatura de |'aire i I'aigua
de la cavitat. Fruit d'ella fou el descobriment, entre
d'alires animals nous per a la ciéncia, d'un crustaci
aquatic cec | despigmentat del grup dels isdpodes,
que descriuria un any més tard amb el nom de Typhio-
cirolana moraguesi (RACOVITZA, 1905) (Figura 2).
Les transformacions morfo-fisiologiques que 'am-
bient subterrani havia imprés a aquest isdpode im-
pressionaren de tal forma a Racovilza que, un cop re-
tornat al seu laboratori, es va dedicar preferentment
a la recopilacio | analisi de tota la informacid dispani-
ble sobre els habitants de les coves. Fruit d'aguesta
tasca ingent fou el seu célebre «Essai sur les problé-
mes biospéologiques= (RACOVITZA, 1907a), on en-
foca de forma precisa els problemes a resoldre, a la
vegada que posa de manifest el cumul de tearies
erronies formulades fins a la data en aguest camp del
coneixemeant cientific.

De llavors enga la vida subterrania ha atret a
multitud de naturalistes, especialment a Mallorca,
que compta amb un escenari i un poblament hipogeu
ric | variat.

El medi hipogeu a Mallorca

Les llles Balears ofereixen unes condicions ido-
nies per a la investigacio bioespeleologica. A Mallor-
ca en concret, no hi ha afloraments de materials sili-
cics, volcanics o evaporitics d'importancia. En
contraposicio al que ocorre a altres indrets, el medi
hipogeu de Mallorca és el producte de la carstificacio
de la roca calcaria. No obstant, aixd no vol dir gue la
diversitat d'ambients resultants no sigui molt gran,
com veurem a continuacio.

Els terrenys calcaris ocupen bona part de Ma-
llorca, essent aproximadament 1.200 les coves co-
negudes. Sols les conques subsidents rebleries
d'al-luvions quaternaris al peu de la Serra de Tra-
muntana (Palma; Inca-Sa Pobla), o la de Campos,
semblen lliures de terrenys calcaris.

La major part de les coves mallorquinges son hi-
drologicament fossils. Els escassos sistemes actius
es localitzen a la Serra de Tramuntana. Fora
d'aguesta comarca, les coves son seques, o molt se-
gues. Aguest factor ambiental en general es consi-
dera negatiu per a la persisténcia de fauna lerrestre
genuinament hipogea. Tal volta resideixi aqui la cau-
sa de que la majoria dels troglobis coneguts fins ara
a Mallorca es concentrin en les coves de la Serra de
Tramuntana (Figura 3). No obstant, la baixa cota so-
bre el nivell de la mar a la que s situen les cavernes
del Pla, i les algades modestes de les Serres de Lle-
vant, poden explicar tambe aquest fet. En efecte,
moltes d'elles poden haver quedat anegades durant
les repetides elevacions del nivell mari esdevingudes
durant el Quaternari.

La deposicié de guano de rates-pinyades, sus-
tent d'una biota cavernicola molt peculiar, es troba

Mallorca, an isiand which harbours an unusually rich
hypogean biota.

The Majorcan hypogean
environment

The Balearic Islands offer a rich and varied
resource for biospeleological research. In Mallorca,
there are no siliceous, volcanic or evaporitic oulcrops
of importance. The hypogean enviranmenis on the
Island are thus mainly derived from the karstification
of calcareous rock. Nevertheless, this does not mean
that the diversity of habitats was low, as we will see
balow.

Limestone lerrains occupy a greal part of the
Island, and approximately 1,200 caves are already
known. Only the subsident basins at the foot of the
Serra de Tramuniana (Palma; Inca-Sa Pobla) which
are filled with Quaternary alluvial deposits, and the
Campos basin, seem free of limestone terrains.

The majority of the Majorcan caves are
hydrogeologically fossil. The few active systems are
located in Serra de Tramuntana. Culside this area,
caves are dry, or very dry. The lack of water
represents a severe consiraint for the persistence of
a lrue terrestrial hypogean fauna, and may be the
reason for the concentration of most of the Majorcan
troglobionts in the caverns of Serra de Tramuntana
(Figure 3). However, the low allitude of the Serres de
Llevant mouniains, as well as those of the Central and
Littoral plains could also explain this fact, since many

Henrolnrs jovodar
Trechopsis ferreresd
Duvalius balearicus
Retchria balearica

aocOeo0

Leptobytives palma

Figura3: Distribucid dels coledpters troglobis de Mallorca. Pra-
sents a les rones carstigues més elavades, |solinies;
250 m sobre el nivell da la mar.

Figure 3. Distribution of roglebitic beetles an MaNorca, Note their

prasence in caves ol the main mouniain ranges. Isolings:
250 m a.s.l,
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actualment en recessié a Mallorca. Es conseqiiéncia
del fort descens patit per les poblacions de rates-
pinyades cavernicoles (Rhinclophus ferrumeguinum,
Myotlis myotis, Miniopterus schreibersii) (ALCOVER
& MUNTANER, 1988), i a la llarga és d'esperar que
incideixi negalivamentl sobre el manteniment
d'aquesta hiola. Com a testimoni de |'esplendor as-
solit n Bpogues passades, es poden esmentar les
importants acumulacions de guano que encara res-
ten a algunes sales de les Coves del Drac (Manacor),
o Coves d'Artd (Capdepera), d'altra part avui total-
ment desprovistes de rates-pinyades. No obstant, co-
munilats guanobies ben esponeroses poden trobar-
s& encara a les sales de la Cova de sa Guitarreta
{Llucmajor), o a les de la Cova de Son Sant Marti (Al-
chdia), entre d'altres.

Les cavernes de la regid SE de I'llla son fre-
gilentment invaides per arrels de la vegelacio epigea
que hi crelx al damunt, L'extensid del fenomen és
conseqiéncia del tipus general de desenvolupament
de les cavitats d'aquesta comarca, situades a baixa
cota sobre el nivell de la mar, i on al sostre busca el
perfil d'equilibri mitjangant esfondramants, fins a si-
tuar-se a poca distancia de la superficie. La glestio
& certa rellevancia des de que a d'altres indrets del
Planeta s'han descobert animals cavernicoles res-
tringits a aquest habital tan peculiar. A Mallorca es té
constancia de 'existéncia de comunitats d'aguest ti-
pus, havent trobat RACOVITZA (1907a) | JEANNEL
& RACOVITZA (1807) un pugo (Homoptera) aparent-
ment troglobl | encara no descrit. Per altra parl, a la
Cova de sa Llumeta {Cabrera), s'ha descobert una
comunitat d'artropodes molt diversificada al voltant
dals feixos d'arrels que penjen del sotil a la part su-
perior de la cavitat, si bé aquesta no compta amb cap
representant genuinament hipogeu (obs. propies de
¥. Bellgs i dels autors).

Les coves, concepte totalment antropocéntric,
no sén més que les paris accessiblas als humans
d'una Amplia xarxa de crulls i fissures desenvolupa-
da al subsdl, Aquesta xarxa connecta, en alguns in-
drets especialment propicis per al seu desenvolupa-
ment, amb el gue els biocespeledlegs anomenen Medi
Sublerrani Superficial (M38). Aquest es situa per so-
ta dels horitzons del sol, i l'integren la zona superfi-
cial de degradacio de |a roca basal, fissurada, i els
aspais entre fragments de roca. S'hi poden afegir
els espais antre pedruscalls clastics acumulats als
costers, sempra que es trobin coberls pel sol. La co-
berta edafica funciona com una mena d'aillant del
medi, tot amortint les oscil-lacions climatigues | per-
metent 'establiment d'una atmosfera humida a l'in-
terior dels buits.

Al M35, encara poc prospectat, poden trobar-se
organismes genuinament cavernicoles, adhuc en in-
drets sense cavernes conegudes en |les proximitats,
Els bioespeledlegs mallorquins han inicial recent-
ment la prospeccio d'aquest medi, especialment ac-
cessible als talussos de carretera de la Serra de Tra-
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caves in these regions would have been flooded by
rising sea levels during the glacial cycles of the Upper
Tertiary and Qualernary.

The deposition of bat guano, which Is the
substrate for peculiar cave biola, is nowadays
reduced in Mallorca as a direct consequence of the
sharp decreases exparianced by the populations of
cavernicolous bats (Rhinoclophus ferrumeguinum,
Myotis myotis, Miniopterus schreibersii) (ALCOVER
& MUNTANER, 1986). As a witness of past glorias,
however, important guano deposiis still remain in
saome chambers of Coves del Drac (Manacar) and
Coves d'Arta (Capdepera), both of which ars
completely devoided of bats today. Rich guano
deposil communities are stilf found in Cova de sa
Guilarreta (Liucmajor) and in Cova de Son Sant Marti
{Aleudia), among others.

Caverns in the SE region of the Island are
frequantly penelrated by roots of the vegetation
growing above. These caves are all located just a few
meters above sea level and the ceiling is often vary
close to the surface as a result of breakdowns and
collapses. The presence of rocls in these caves is
ralevanl since in other parts of the World
cavarnicolous animals restricted to this special
habitat have been discovered, In Mallorca there are
old references to the existance of communilies of this
type. RACOVITZA (1807a) and JEANNEL &
RACOVITZA (1807) discovered an apparently
troglobiontic planthopper (Homoptera) an the rools of
Pistacia invading chambers in Coves dael Drac
{Manacor), although it was not formally described.
Also, in Cova de sa Llumeta (Cabrera) a diverse
arthropad cammunily has been recently discovered
an roots which intrude inl the upper chamber of the
gave, but in this case none of its members can be
considered to be a genuine troglobiont {pers. obs. of
X. Bellés and the authors).

The concept of a cave is complately
anihrapocentric, being used to designate only the parl
of an immense underground erevicular network that
is accessible to humans. This network connects in
some places, with what is referred to by
biospeleclogists as the «Superficial Underground
Compariment» (SUC). This special habitat is located
under the soil cover, and is composed by the surface
degradation zone of the basal rock plus the crevices
of this rock. Additional components ara the loose rock
fragments accumulated in mountain slopes if they
have been sealed by overlying soil cover. The soil
cover is important since It acls as an insulator,
buffering climatic oscillations and permitting the
astablishment of a humid atmosphere inside the voids
of the SUC.

The SUC, a habitat still poorly explored
faunistically, can harbour genuinely cavernicolous
organisms, even though it can be located in places
without caverns in the immediale vicinity. Majorcan
biospeleociogists have recantly initiated exploration of



muntana. Els resultats han estat satisfactoris en
quant a la localitzacio de coleopters troglobis (Da-
mians i Bellés, com. pers.), i una continuitat en la tas-
ca que ben segur donara noves sorpreses.

Les aiglies subterranies ofereixen també a Ma-
llorca un ampli ventall d’'ambients per a la prospeccid
faunistica. Rius subterranis i corresponents surgén-
cies carstiques, més 0 menys permanents, es troben
a les cavitats hidroldgicament actives de la Serra de
Tramuntana (Cova des Estudiants, Font des Verger,
Bufador de Solleric, Cova de les Rodes, per citar sols
les més importants). D’altra banda, camps de gours
en zona vadosa, amb poblament estigobiont, es co-
neixen tant a la Serra de Tramuntana (Coves de
Campanet, Coves de Génova, Cova de sa Campa-
na), com també a d’altres indrets (Cova de sa Bassa
Blanca, Alcudia; Cova de na Barxa, Capdepera).

Un tercer tipus d’'ambient apte per a la prospec-
ci6 de fauna aquatica subterrania, aquest molt pecu-
liar de Mallorca, el constitueixen els llacs anquihalins
o glacioeustatics. Es tracta de cavitats situades a bai-
xa cota prop de la costa, parcialment anegades per la
mar. Son bons exemples les arxiconegudes Coves
del Drac i Cova des Hams, a Manacor. Les coves an-
quihalines mallorquines es concentren a la Marina de
Llevant, si bé també s’en coneixen a d'altres indrets
(Cova des Moro, a sa Dragonera, Cova de Son Sant
Marti i de sa Bassa Blanca, a Alcudia, o algunes ca-
vitats de Cabrera, enire d'alires). Les seves aigles
presenten una estratificacio per densitat molt marca-
daipermanent, ocupant les més salades el fons. Tal
com ocorre a d’altres indrets on aquest tipus de co-
ves ha estat prospectat, les mallorquines estotgen
una fauna molt variada, composta principalment per
crustacis pertanyents a estirps filetiques molt antigues.

Analogament al medi hipogeu terrestre, que no
es limita sols a les coves penetrables pels humans,
les aiglies subterranies invaeixen també altres am-
bients que requereixen del trampeig indirecte per tal
de revelar el seu poblament estigobidlogic. Els aqui-
fers en terrenys fissurats, més o menys profunds, sén
explotats intensivament a Mallorca mitjangant cente-
nars de pous repartits per gairebé tots els indrets de
I'llla. No cal dir que representen finestres privilegia-
des per a la prospeccio¢ faunistica, que cal realitzar
mitjancant la utilitzacio de nanses, o de 'anomenada
xarxa freatobiologica (CVETKOV, 1968) (Figura 4).
Organismes genuinament estigobionts s’han captu-
rat a molts d'ells, tant als situats a prop de la costa
com més a l'interior de I'llla.

Els aquifers poden estar en connexidé més o
menys directa amb I'anomenat medi intersticial.
Aquest l'integren les masses d'aigua que aneguen els
espais entre sediments no consolidats, i solen loca-
litzar-se al subsol de les planes al-luvials, a sota les
corrents superficials d’aigua (medi hiporreic), i adhuc
en connexié amb la mar, a les platjes d’arena o co-
dols. Cal dir que el medi intersticial compta amb po-
blament estigobiologic, mostrejable gracies a |'exca-

this habitat, which is readily accessible in road
cuttings in the Serra de Tramuntana. Preliminary
results have been revealed for troglobiont Coleoptera
(Damians and Bellés, pers. obs.), and the continuing
sampling program should result in futher new
discoveries.

Groundwaters in Mallorca also offer a wide range
of environments suitable for faunistic studies.
Underground rivers, some with karstic springs, are
found in the hydrologically active caves on Serra de
Tramuntana (Cova des Estudiants, Font des Verger,
Bufador de Solleric, Cova de les Rodes, among
others). Rimstone dams developed in the vadose
zone and harbouring stygobiont biota are known from
Serra de Tramuntana (Coves de Campanet, Coves
de Genova, Cova de sa Campana) as well as from
caves in other districts, as Cova de sa Bassa Blanca
(Alcudia) and Cova de na Barxa (Capdepera).

A stygohabitat which is very characteristic
of Mallorca consists of the anchihaline or
«glacioeustatic» lakes within the flooded coastal
karst. Examples include two of the most famous
tourist caves in the world, the Coves del Drac and
Cova des Hams, both in Manacor. Majorcan
anchihaline caves are concentrated in the Marina de
Llevant (SE coast), although some are also known
from other districts (such as, Cova des Moro, sa
Dragonera; Cova de Son Sant Marti and Cova de sa
Bassa Blanca, Alcudia; some caves on Cabrera). The
water column in such a lake is permanently stratified,
with the more saline water occupying the bottom
layers. These lakes harbour a diverse faunistic
assemblage composed mainly of crustaceans, many
of them belonging to ancient or isolated phyletic
lineages.

By analogy with the terrestrial hypogean
environment, which is not limited to the caves
accessible to man, groundwaters permeate other
environments and indirect sampling methods must be
used to reveal their stygological populations. Aquifers
in fissured terrains are intensively exploited by
hundreds of wells distributed all over Mallorca. They
represent privileged windows for the faunistic
exploration using traps or the filet freatobiologique (or
Cvetkov net, CVETKOV, 1968) (Figure 4). Stygobiont
animals have been collected from many wells located
both close to the coast and far inland.

The aquifers can be more or less directly
connected with the so-called Interstitial Medium. It is
composed by flooded non-consolidated sediments,
and is usually developed in alluvial plains, below
rivers (Hyporheic environment), or in connection with
the sea in beaches of sand or coarse sediments. The
Interstitial Medium has a stygobiological population,
which can be sampled by digging in the sediment
down to the water table, or by using pumps connected
to a drilling probe. In Mallorca the Hyporheic
environment is hardly developed (except for the cove
of Torrent de Pareis, Escorca), but beaches are
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vacid de clots, o utilitzant bombes d'extraccid d'aigua
connectades a un tub de perforacid. & Mallorca, men-
tre &l medi hiparreic es troba poc desenvolupal (de-
sambocadura del torrent de Pareis, a meés de las
parts baixes d'alguns altras torrents de la Serra), no
ocorre &l mateix amb les platjes, En ambdos am-
hients s'han realitzat troballes interessants, adhuc
d'elements nous per ala Ciencia (HARTMANNN,
1853; PRETUS, 1982; PRETUS & STOCK, 19890).

Cataleg faunistic

A les coves mallorquines | dels petits illots del
sel voltant s’han comptabilitzat més de 250 espécies
animals, entre terrestres i aquatigues. D'elles, apro-
ximadament 50 son troglobies genuines (veure la
Taula | per a la acepcid d'aguest i altres termes sem-
blants, utilitzats amb profusit en la lileralura biogs-
peleclogica). Més de la meitat (58 %) d'aguestes ul-
limes son endemigues de les Balears, un percentatge
prou gros an termas evolutius per donar una idea del
seu valor patrimonial | interés conservacionista. En
contraposicio, | a titol orientatiu, cal recordar que &l
nivell d'endemicitat assolit entre els diferents grups
d'animals epigeus del nostre Arxipélag oscil-la entre
urt 1'50 un 30 %.

Al cataleg comentat que es presenta a conlinua-
cio s'han inclds dnicament les especies meas relle-
vants des d'un punt de vista bioespeleclogic, és a dir,
els troglobis genuins, a mes dels troglofils mes assi-
dus i dels endemismes que, malgrat els seus trets
marfolégics no semblen indicar un modus vivendi res-
tringit a les coves, no 5'han trobat fins ara al med| epi-
geu, S'esmenten també els trogloxens pertanyenis a
grups que, per manca d'informacio en el seu moment,
no havien estat tractats a altres inventaris. Tanma-
teix, a la Taula |l es llisten lots els taxons, troglobis o
no, registrals fins ara al medi hipogeu mallorqui, ex-
closes les coves submarnneas.

Bona part de les contribucions a la bioespeleolo-
gia balearica han aparegut a les pagines de |a revis-
ta Endins. Treballs de sintesi d'especial rellevancia
son l'inventari biospeleolbgic de GINES (1982), 1 la
monumental monografia de BELLES (1987). Poste-
risrment, PONS {1991) realitza una actualitzacio d'a-
guest cataleg.

En la presentacic dels grups s'ha seguit, prefle-
rentment, I'ordenacid sistematica proposada per
BELLES (1987).

Platyhelminthes Turbellaria

Els elements d'aguesta classe lrobals a Mallor-
ca, exclusivament dulciaguicoles, han estat col-lec-
lats preferentment a surgéncies carstiques i pous,
Dugesia iberica, D. siculai D, gonocephala han estat
citades de diverses eslacions hipogess mallorquines
(GOURBAULT & LESCHER-MOUTOUE, 1879; BA-
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extensively represenled. Both have rendered
interesting new species for science (HARTMANN,
1853; PRETUS, 1982; PRETUS & STOCK, 1880).

A\

Figura 4:  Xarxa freatobiolbgica (o xarxa de Cvetkov) espeacialment
dissonyada por al mosiroig de pows | d allres ones inac.
cessibles de les aigles subterranies, segons CYETROV
(18968).

Figure 4: Tha Cvatkov pat, a device specially dasignad for
sampling in wells and ather inaecessiie grovndwalor
habitals faller CYETKQV, 1368).

A checklist of the
Majorcan cave fauna

Maore than 250 species of animals have begn
racorded to date in Majorcan caves. Approximately 50
of these can be considered to be genuine troglobionts
(see Table | for the meaning of this term and others
commonly used in biospeleological literature). More
than half (56%) of the latter are endemic to the
Balearic Islands, a percentage big enough to be
remarkable in evolutionary terms and important for
conservalion. In comparison, the level of endemicily
recorded among the different groups of epigean
animals in the Archipelago ranges between 1,5 and
30%.

The checklist presented below deals only with
the taxa that are more remarkable from a
biospelaniogical point of view, (.e., the troglobionts
and the more frequently encountered troglophiles,
plus the endermics that, avan though their morphology
does not denote a modus vivendi spacially restricted
fo caves, have never bean found in the epigean
medium. Trogloxene taxa which were not included in
previous checklists are also treated here. Tabie Il lists
all the taxa, both troglobiont and non-troglobiont,



TROGLOBIONT [0 ESTIGOBIONT, si s tracta
d'animals sublerranis aqualics): Cavernicola
amb caracteristigues morfologiques (com la
regressid de I'aparell visual, despigmentacia,
allargament dels apendixs) restringit al medi

subterrani que suggerelx una adaptacid histaria

per a la vida cavernicola.

TROGLOBIONT jor STYGOBIONT, if it is a
groundwater amimall: A cavernicole which
shows morphological features (such as loss of
eyas and surface pigment) which suggest that it
has undergone a long history of cave habitation,

TROGLOFIL (ESTIGOFIL): Espécie que es
troba amb freqgiléncia en el medi cavernicola, i
que pot o no completar el seu cicle a la cova, perd
gue es pol localitzar en alires medis.

TROGLOPHYLE (STYGOPHYLE). A
cavernicols which is known fo complate ils
life eycle in non-cave habitats as well as in

CAVEs.

TROGLOXE (ESTIGOXE): Taxon lrobal
accidentalment a les coves, on ha arribat
circumstancialmeant, mai completa el seu cicls a
linterior de la cova.

TROGLOXENE (STYGOXENE): A species
which occurs in caves, but doas not complete
its whole life cycle there.

Taulal Classificacid bioespelacidgica de les aspéoies cavermni-
coles.

GURA et al., 1983), mentre que un representant in-
determinat pertanyent a aguest génere s'ha registrat
a Cabrera (obs. pers.).

Mematoda

Han eslat citats nematodes en les aigiues de Ma-
llorca sense donar-lis una major assignacio laxend-
mica (GOURBAULT & LESCHER-MOUTQUE, 1979).
El grup és freqiient als sediments dels llacs anquiha-
lins de la costa SE (obs. pars.).

Maollusca

Els lamel-libranquis Pisidium casertanumi P.
personatum, sense esser espécies cavernicoles, han
estat col-lectats a les surgéncies carstiques més Im-
portants de la Serra de Tramuntana (GASULL, 1965;
obs, pers.).

Mo obstant, el major nombre d'espécies de
mol-luses cilats a les nostres coves es concentra en-
ire els gasteropodes prosobranguis i pulmonats. En-
ire els primers cal cilar I'espécie endemica Balgran-
dialla edmundi, coneguda de surgancies carstiques
de la Serra de Tramuntana (BOETERS, 1884, 1987).
Un altre representant d'aquest grup, Microna saxati-
lig, fou citat per MOOLENBEEK (1880) de la mateixa
comarca, encara que aquesta citacio podria corres-
pondre en realitat a 'espécie anteriorment esmenta-
da [Altaba, com. pers.).

Entre els Pulmonats s'han citat un total de 19
espécies, localitzades principalment a les entrades
de les coves (PONS & DAMIANS, 1992). Agues!
nombre no es gens onenlatiu, dones guasi la lotalilat
d'espécies epigees conegudes a Mallorca poden
comportar-se com a trogloxenes. Aixi per exemple, a

Tablel: A brief glossary of biospeleciogical tarms.

reported to date in the Majoercan hypogean
environment, submarineg caves excluded.

A great many of the contributions to Balearic
biospeleclogy have appeared in the journal Endins.
Specially relevant synthelic papers on our hypogean
fauna are the biospeleological inventory of GINES
(1982) and the monograph of BELLES (1987).
Recently PONS {1942) has updated the faunal
checklist.

The groupings used befow follaw mainly the
systematic scheme adopted by BELLES (1987).

Platyhelminthes Turbellaria

The representatives of this group found on
Mallorca are mainly associated with karstic springs
and wells. Dugesia iberica, D. sicula and D.
gonocephala have been recorded from several
Majorcan stations (GOURBAULT & LESCHER-
MOUTOUE, 1979; BAGUNA et al., 1983). Another
representative of this genus, still not determined al
species level, is present on Cabrera (pers. obs.).

Nematoda

Namatodes has been reported in Majorcan
groundwatars although without any taxonomic details
(GOURBAULT & LESCHER-MOUTOUE, 1978). They
are frequent in the sediments of the anchifaline iakes
of the SE coast (pers. obs. ).

Mollusca

The lamellibranchs Pisidium caserlanum and P.
personatum, although nol considered as frue
stygobionts, have been collected in savaral karstic
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Iinterior de I'Avenc del Far (Pollenga) ha estat col-lec-
tat I'endemisme Rupestraella moraguesi (obs. pers.).
Aixd no obstant, la tamilia dels Zonitidae es la qua
mostra mes afinitat per a la vida hipogea. A Mallorca
esta representada amb I'espécie endémica de les
Gimneésies Oxychilus lentiformis, comuna a l'interiar
de la majoria de cavitats (PONS & DAMIANS, 1992).

Annelida Oligochaela

EMCIMAS (1973) cita la preséncia d'oligoguets a
Mallorca sanse determinar l'espéecie amb seguretat
{ Lumbricus communis?). Per la seva parl, TRIGO et
al. (1888) estudien el material provinent de coves de
Mallorca, identiticant Allolobophora caliginosa, A.
georgll, Dendrobaena byblica, . cognettil, D. rubida
i Eiseniella tetraedra. Totes foren recol-lectades a la
zona d’Escorca | de Puigpunyent.

Arachnida

Els aracnids estan representats a les Balears paer
distints ordres: Scorpiones, Opiliones, Palpigradi,
Araneae, Pseudoscorpiones | Acari.

L'dnic escorpi present a les Gimnésies és Eus-
corpius carpathicus balearicus, un taxon epigeu que
ha estat recol-lectat en distintes ccasions en les en-
trades de |as coves.

Figura & Roncus vidall LAGAR, 1872, psaudascarpi troglobl de
Malloroa,

Figure 5 Ronous vidall LAGAR, 1972, a froglobilic psaudascorplon
frovn Mallorca.

D'entre els opilions, la familia dels laniators s la
més adaptada a la vida hipogea, si bé les espécies
d'aquest grup trobades fins ara a les nostres coves es
coneixen també de I'exterior. S6n destacables I'en-
demisme mallorqui Scotolemon balegaricus, | també
5. krausi, endémic de Mallorca, Eivissa i Cabrera
(RAMBLA, 1972; 1977, PONS & RAMBLA, 1993).

Eukoenenia draco draca s un palpigrad ende-
mic de Mallorca conegut Onicament de les Coves del
Drac (PEYERIMHOFF, 1906). La espécie esta repre-
sentada al continent per la subspécie zariguieyl, des-
crita d'una cavitat de Barcelona.
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springs in Serra de Tramuntana (GASULL, 1965;
pers. obs. ).

The largest number of molluse species reported
from Majorcan caves relates to prosobranch and
pulmonate gastropods. Among the former is the
endemic Belgrandiella edmundi, known only from
karstic springs in Serra de Tramuntana (BOETERS,
1984; 1987). Another raprasentative of this group,
Microna saxatilis, was cited by MOOLENBEEK
(1980) from the same district, although this eitation
could in fact correspond to the species cited above
fAltaba, pers. com.).

Among the pulmonates, 19 species have bean
cited from caves, although they were mainly located
in the threshold zone. That number is non-indicative
since all epigean taxa known from Mallorca can also
oeeur as trogloxenes. Thus, as an example, in the
despes! part of Avene des Far {Pollenga) the endemic
Rupestrella moraguesi has been collected (pers.
nbs.). The family Zonitidae dispfays a major affinity for
hypaogean life. On Mallorca it is represented by the
endemic Oxychilus lentiformis, which is very common

in the interior of most caves (PONS & DAMIANS,
1952},

Annelida Oligochaeta

ENCINAS (1973) reported earthworms from
several Majorcan caves but without determining the
species (Lumbricus communis ?). TRIGO et al. (1988)
identified Allobophora caliginosa, A. georgii,
Dendrobaena byblica, D. cognettii, D. rubida and
Eiseniella tetraedra. All collected from caves in
Escarca and Puigpunyant.

Arachnida

The arachnids are represented in thae Balearics
by several orders, viz. Scorpiones, Opiliones,
FPalpigradi, Araneae, Fseudoscorpiones and Acari,

The only scorpion on Mallorca is Euscorpius
carpathicus balearicus, an epigean species which
has been collected repeatedly in the threshold zone
of many caves.

Among the harvestmen, the family Laniatores is
the best adapted to hypogean life, although none of
its representatives on Mallorea is a true troglobiont.,
Two taxa are specially noteworthy, the Majorcan
endemic Scotolemon balearicus and also 5. krausi,
an endemic from Mallerca, Eivissa and Cabrara
fRAMBLA, 1972; 1977; PONS & RAMBLA, 1883).

Eukoenenia draco draco /5 a palpigrad endemic
to Mallorca and known only from Coves del Drac
{Manacor)(PEYERIMHOFF, 1906). The other
subspecies zariquieyi was described from a cavern
near Barcelona (lberian peninsula).

The Pseudoscorpiones are one of the most
comman elaments in caves (Figure 5). As other
arachnid groups, they predate upon other
cavernicolous organisms of small size. Different



PLANARIA Npurnarva el Preudpcinosoma sp. ° Oncopedurs iicuspidata *
Dugesia ibedca Tiphys torris (grup) Paragtenocanis 5p. * Praudosinella subcantralis **
Dugesia sicida Pronopsis lulascens
Dugesia gonocephals Anm.rs orirmius CRUSTACEA SINCARIDA DIPLURA

Balcanohydracarus alveciaius Ibarobathynaella fagel Campodea majonica majonca *

NEMATODA Arenurus sp. Campodira majorc inlorjecls®

OLIGOCHAETA CRUSTACEA Piugiocampa fape *
Allclobophora caliginosa ARACHNIDA ARANEAE TERMOSBENACEA Hemajapyx espancl **
Alidobophora georgil Nemesia brauni Tethysbaena scabva **

Dendrobasna byblica Dysdera croomla Maonordilla angenlart ORTHOPTERA

Dendrobagna cogmeny Harpaclea dufourt TRICHOPTERA

Dendrabaena rubida Filistata insidiatrix CRUSTACEA I50P00A Microplerna fssa

Eizeniella reiraedra Arnadna spinipes Metacrolana porst *° Mesophylar aspersus
Leproneta infuscala Typhiocirelana movaguesl **

MOLLUSCA Zora sp. Lekanesphaera hookeri LEFIOPTERA
Pigidium caserianum Loxosceles rufescens Proasallus coxals gabnelase Triphose dubitais
Pisidium personanim Pholeus phalangioides Jaera irnica Hypena obsitalis
Buigrandiofia edmundi Spermophora valentiana Jaera nordmannd brevicaudala Alucila hexadactyla
Tucoreila ferruginea Stealoda grozsa Jaera nordmanni baleanca Pyrols efusa
Lawwia cyfindracea Steatoda tangularis Microcharen comasi
Aupesirela moragues Cogeanidia fbiabs Buddehandiodla calaciae DIPTERA
Oxychilus fantlformis Pholcomma gibbum Armadifidium granulansm Rhymosia driedricki
Ferussaria lolfculus Eidmannelia suggerens Armadilidium vulgane Aphicchasta rufipes
Cermnulea virgala Lopifiyptuntos lormes Armadifdiurn esparyolf ol Hypocera Navimana
Trochokdea frater Lepthyphantes styplus Balodilium pllosum Limonia nubeculosa
Trochoides claudinag Lepihyptantes aff, obscs Armapdifie officinalis Pocilidia delouy
Iberglius balzaricus Microneta viaria Chaelophiloscia elongata Nyztenbia schrmidlf
Iberalius companyoni Centromerus sylvalicus Anaphiloscia simond * Nyclaribia vexaia
Alagarthus gracisiams Meta mavianae Leptotichus panzerd

lanuginosa Mpta boumel Porceilio dialaivs HYMENOPTERA
Caracoling lenticula Zyglella x-notata Parcello laswvis Ponera coarctala
Helix asporsa Ero furcala Porcali incanus Crivmariogasior sculelarrs
Otala lactea Malthonica balearica Porcellionides sexfascialus
Ohala punclala Tegenarla pagana sexlascialus COLEORPTERA
Papiklera bidens Tegenaria domestica Porenliionides prumoses Elaphocera capdebou
RAumina decolfala Texinx coariata Agabilormius manacon Aglenug brunneus
Ovatella myosotis Trichoniscus pusiius provisovius Aeichela balearica **
Chvalerlla erliala ARACHNDA OFLICNES Trichanisous dragan ™ Porotachys buufcau.rs
Deroceras reticulanum Seoiplemon krausi Balearonethes sesrodesanus ** Duvalius balearicus **
Limai Navis Scotolemon balearicus ** Haplophihalmus chisteral Trectopsis foviorest
Limax majonicenss Phalarypurn clavipus Hevvotius jordai **

CRUSTACEA AMPHIPODA FPrigtonychus algednus

ARACHNIDA ARACHNIDA ACARI Metrerangonys longipes ™ Mycetoporus longiconmnis

PALPIGRADA Izodes vesperiitionis Salentinella angﬂ'w
Eukoenenia draco draco ™ Bogidiella balparica ** Atheta negligens

CRUSTACGEA CLADOCERA Bogdiotla forrermbcola = Atheta beliesi

ARACHNIDA Aleng guttals Pseudoniphargus adriaticus * Omalium espanoll
PSELIMISCORMONES Plauroxus adlincus Pepudomphargus mercadah * Loweathiumn bodost
Chthonius dacnodes Cypridopsis mewion Psaudoniphargus racovitz Carops zanguiey!
Chihonius ischnochales Peoudoniphargus tdasi ** Leprobythus palaw **
Chihanius baleanicus CRUSTACEA OSTRACODA Pseudoniphargus daviu ** E coliris
Chihomius ponsi Mixtacandona sp. * Psammogammarus burri ** Akis gcurninata
Chihonius gibbus Pseudocandona sp. * Riphidogammarus Blaps lusitanica
Neobisium monashed = Rairdia raripda riphrdiophovus Bimps bl i
HRoncus neclropicus Xestolebens cosiata ** Riphidogammarus variiceuda ** Cryplophagus sp.
Roncus caralinalus Anabilm puncta
Honcus pugnas CRUSTACEA COPE PO CHUSTAGEA MYSIDA
Roncus vidal ** Spaleophia sp. Burdmysis palmer ** PSOCOPTERA

Stephos margalel ** SIPHONAPTERA

ACAR Halioycimes roglodyles * DIFLOPOOA Xenopsylla gratiosa

HYDRACHNELLAE Halicycops 5 Lophoprocius pages! **

Eylais hamata Halicyclops Lophoproctus feanmek HOMOPTERA

Hydryphanies parmlalus Melacydops subdolus * dismilus Cixius 50, *

Hydryphantes placationis Macrocyclops albidus Polydesaus congous |

Trycothyas petrophila Eucyclops semals aITaconensis HETEROPTERA

Panisus forrenticolus Eucyclops aff. hadjebansis Oiphanoiufus religlosus Velia hobredamdi

Wandesia slygophila Tropocydops prasinus NI ONCRrSis

Hydrodroma despiciens Paracycops fimbrats PECES
torrantioola A wirdlis wirkdis CHILOPODA Anguila anguila

Sperchon doermbiculales Dhacyclops clandestinus Lithobius dipuzeidel

Teurlonia comeles Diacyclops bisetosus Lithobius piceus manacor AVES

Lebertia (Lebertia) sp. Diacyclops languidaides Lithobitis picews L Passor domeslicus

Lebarkia pomsa Diacyclaps hnguidoides Lithabiys seruginosus Columba fivia

Lebertia zschokkei dandestinus Lithobius Tyto atba

Lebertia ineats Diacyclops balearcus ** Lithobius wivesi **

Lebortia (Piclebectia) sp. Dhiacyclops cuspadalus Stimarogaziar gracilis CHIROPTERA

Torreniicola pharyngealis Thermocyciops dybowsk# Chastechalyne vesuviana Rhinclophis ferumegquinn
aberrans Speleccyclops halfenicus * Scubipera coleoplrala Ahinolepts hipposidenos

Limarsia areviol Thermocydops oblongals Rhinolophus mehalyi

Hygrobates calfiger Parapseudoleplomasocra SYMPHYLA Myoiis myalis

Hygrobares longipalpis minoricag Scutigeralla fmmaculala Myotis nanerar!

Alrachides nodpalps pervyilus Farapseudotepiomesocra afl, Myolis capaccinii

Arractides raner subterranea COLLEMBOEA Pleootus ausinacus

Alractides inflatus Mitocra psammaphila Hetoromrus milidus Minioprerus seheaibarsh

Taula i, Listat de la launa hipogea de Mallorea. = Taxon trogla- Tabla II:

bient / estigobiont: **: Taxon troglobiont / estigobiont
endémic da las lilas Balaars.

Checklis! of the hypogean fauna of Mallorca, " Troglo-
biant / stygobion! laxa, =" Troglabiont / stygobiont
endernic laxa from the Balearic Islands.
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Els pseudoscorpins sdn un dels elements meés
comuns en les cavitats (Figura 5). A l'igual que els al-
tres aracnids, actuen depredant sobre altres organis-
mes cavernicoles de mida petita. A Mallorea han es-
tat citades distintes espécies (LAGAR, 1972; 1973;
MAHMERT, 1977), entre les que destaquen &ls an-
demismes: Chthonius balearicus, Neobisium monas-
terii, Roneus vidali i Chthonius ponsi, aguest darrer
conegut exclusivament d'una cavitat de Cabrera
(MAHMERT, 1993a, 1993b). Neobisium monasterii és
I'espécie mas troglobititzada i esta relacionada amb
la fauna algeriana. Per allra parl, cal dir que les cita-
cions existents de Honcus lubricus segurament son
sindnimes de Roncus caralinatus (MAHNERT,
1993a) (Figura 6).

Alguns dels Acars de vida cavernicola eslan as-
sociats com a ectoparasits a rates-pinyades (Ixodi-
dae). D'entre ells, Unicament ha estat citat de Mallar-
ca lxodes vespertilionis. Altres citacions d'acars es
refereixen a oribatids (principalment Oppidae), fra-
quents entre els acimuls de matéria organica o for-
mant part de la fauna guanobia. Un darrer grup que
compta amb representacio al medi hipogeu mallorqui
és el dels hidracars, abundants a les fonts i surgén-
cies carstiques de la Serra de Tramuntana (GIL etal.,
1994).

O Ecotolermon balepricus
B Neobrsinn ol e
O Roncus wdal

Figura B Distribucid dals aracnids roglobie de Mallorca.

Figure 6: Distributian of lrogichitic Arachnida an Mallorca.

Els principals estudis sobre les aranyes de les
coves de Mallorca han estat realitzats per FAGE
(1931), ORGHIDAN et al. (1975), RIBERA (1977,
1981) i PONS & DAMIANS (1992). Si bé algunes
d'elles son tipicament troglofiles, cap especia es pol
considerar estrictament cavernicola. Adhuc l'espécie
amb aptituds més «troglobies» (PONS, 1992), Lap-
toneta infuscala, ha estat tambe recol-lectada a I'ex-
terior (DRESCO, 1880).

134

species have bean recorded from Majorcan caves
(LAGAR, 1972 MAHNERT, 1877), the masl
remarkable being the endemics Chthonius
balearicus, Neobisium monasterii, Roncus vidali and
Chthonius ponsi, the latter known only from a single
cave on Cabrera (MAHNERT, 1883a; 1893hb).
Meobisium monasterii is the most specialized
troglobitic species, and is refated to Algerian farms.
The existing records of Roncus lubricus are surely
misideniifications of R, caralinatus (MAHNERT,
1993a) (Figure &).

Some cavernicolous Acari are parasites of bats
{Ixodidae). Amang tham, only |xodes vespertilionis
has been reported from Mallorca. Others, belonging
to the QOribatida {mainly Oppidae) are commaon on
deposits of guane or decaying arganic matter. The
Hydracari are also representad, specially in the
karstic springs of Serra de Tramuntana (GIL el al.,
1994).

The main studies on the spidars from Majorcan
caves are those of FAGE (1831), ORGHIDAN et al,
{1975), RIBERA (1977: 1881} and PONS & DAMIANS
f1992). Although some of them are typically
troglophiles, no one can be considerad as sirictly
troglobiont. The species which seems bast adapted
to live in caves, Leptoneta infuscata, has been also
collected in the epigean medium (PONS, 1982;
DRESCO, 1280).

Crustacea

Many different groups of crustaceans have been
reported from the Majorcan hypogean environmant.,

The mystacogarid Derocheilocaris remanei, &
species widely distributed in the Mediterranean basin,
has been collected from the interstitial of a sandy
baach on Mallorca (PRETUS, 1332).

The Cladocera are a mainly epigean group,
although sama are known to be restricted to the
hyporheos of some European rivers. Pleuroxus
aduncus, Alona guttata and Trelocephala ambigua
have been reported from the Majorcan caves, but all
three are common in epigean waters (GOURBAULT
& LESCHER-MOUTOQUE, 1879; MARGALEF, 1953).

The Ostracoda are relatively common in
Majorean groundwaters, although they are poorly
studied. GOURBAULT & LESCHER-MOUTOUE
{ 1878) reported podocopids belonging to the genera
Mixtacandona and Pseudocandona from several
caves, although they did not determine the species.
HARTMANN (1853) described Xestoleberis costata
from the interstitial of the beach at lletes (Calvia);
today alse known from the island of Stromboli (Italy)
{DANIELOPOL & BONADUCE, 1820).

Among the copepods, the calanoid Stephas
margaleti was described from the despest paris of a
submarine cave in Capdepera (RIERA et al., 1831),
though it fs now known from other anchihaline caves
on the SE coast, and also on Cabrera. Other



Crustacea

Representants d'aguesta Classe, pertanyents a
grups moll diversos, s'han cilal amb profusid del me-
di hipogeu mallorgui.

Entra els mislacocarides, 'especis Derocheilo-
caris remaneai, d'amplia distribucio mediterrania, s'ha
col-lectat en el medi intersticial de platges de Mallor-
ca (PHETUS, 1892),

Els cladécers sén un grup principalment epigeu,
si bé s'en coneixen algunes espécies exclusives del
medi hiporreic d'alguns rius europeus. A les coves
mallorquines s'han citat Pleuroxus aduncus, Alona
guttatai Trelocephala ambigua, les tres comunes en
aigbes superficials (GOURBAULT & LESCHER-
MOUTOUE, 1979; MARGALEF, 1953).

Els ostracodes es troben amb fregliéncia a les ai-
gles subterranies mallorguines, si bé el seu estudi no
5'ha inicial encara en profunditat. GOURBAULT &
LESCHER-MOUTOQUE (1979) citaren podocopids
perlanyents als géneres Mixlacandona i Pseudocan-
dona a diverses coves de Mallorea, encara gue no els
varen determinar a nivell especific. Per altra part,
HARTMANNMN (1953) va descriure I'especie Xasiole-
beris costata del medi intersticial de |a platja d'llletes,
a Calvia, i coneguda tambe da I'illa d'Strombaoli (DA-
MIELOPOL & BONADUCE, 1880),

Entre els copépodes, el calanoid Stephos mar-
galefies va descriure de la part fonda d'una cova sub-
marina de Capdepera (RIEBA et al., 1991), si bé ara
es coneix tambe d'altres coves anguihalines de la
costa SE, adhuc de Cabrera. Par altra part, un miso-
frinid del ganere Spaleophria s'ha citat a una cova
d'aquesta darrera illa (JAUME, 1993). En contraposi-
cit a aquests grups, els ciclopoides estan més ben
representats. S'han citat una decena d'espécies, es-
sent 5 estigobionts: Speleccyclops hellenicus, Ther-
mocyclops oblongatus, Halicyelops troglodytes, Me-
tacyclops subdolus i 'endemisme de Mallorca
Diacyclops balearicus (LESCHER-MOUTOUE, 1978;
1981). Els harpacticoides estigobionts mallerquins
son poc conaguts. GOURBAULT & LESCHER-MOU-
TOUE (1979) col-lectaren a coves alguns exemplars
pertanyents als géneres Pseudectinosomai Paraste-
nacaris, encara que no els varen determinar a nivell
especific.

D'entre els sincarids, els batinelacis, grup pri-
mordialment dulciaglicola, compta amb un repre-
sentant a les aigles subterranies dolces de Mallorca:
Iberobathynella fagei. S'ha localitzat a diversos in-
drets de la Serra de Tramuntana (Coves de Génova,
Bufador de Solleric, Fonl de Massanella), aixi com als
gours de la Cova de sa Bassa Blanca (munlanyes
d'Alcudia) (MARGALEF, 1951; aobs. d'A. Ginés | obs.
pars.). No 8z un endemisme, doncs 8s congix tamba
de nombroses estacions de la peninsula Ibérica i del
sud de Franga.

Els termosbenacis s4n un grup de crustacis prin-
cipaiment circumscrit a aigles anquihalines. A Ma-

interesting anchihaline copepods are the
Misophrioida, which include an as yet undescribed
new species of Speleophria from a cave on Cabrera
(JAUME, 1993), The eyclopoids are represented by
10 species in groundwater habitats, 5 of them
siygobionis: Speleocyclops hellenicus, Thermo-
cyclops oblongalus, Halicyclops troglodyles,
Metacyclops subdolus and Diacyclops balearicus.
The last species is endemic lo Mallorea (LESCHER-
MOUTOUE, 1978; 1981). The stygobiont harpac-
hicoids from Mallorea are poorly known, GOURBALULT &
LESCHER-MOUTOUE (1978) coliected soma
reprasaniatives of the genara Pseudectinosoma and
Parastenocaris from cavas, buf these were not
determined al the species leval.

Among the Syncarida, the mainly freshwater
Bathynellacea has a representative in Majorcan
groundwaters: lberobathynella fagei. it is known from
several stations in Serra de Tramuntana (Coves de
Génova, Bufador de Solleric, Font de Massanella), as
well as from gours in Cova de sa Bassa Blanca
(Alcudia){MABGALEF, 1951, pers. comm. A. Gines;
pers. obs.). It is not an endemic, as it is also known
from numerous slalions on the lberian peninsula and
southern France.

The Thermosbaenacea is mainly restricted to
anchihaline waters. The endemic Tethysbaena
scabra (Pretus, 1991) has been described from
Mallorea and Menorca (WAGNER, 1994).

Woodlice {Oniscoidea) are good colonizers of
dark humic environments. Their delritivorous nalure
facilitates colonization of caves and many troglobiont
species are found in the group. On Mallorca there
are 4: Anaphiloscia simani, Trichoniscus dragani,
Balearonethes sesrodesanus and Haplophthalmus
chisterai, desecribed respectively by RACOVITZA
{1907b), TABACARU (1974), DALENE (1877) and
CRUZ & DALENES (1989). The last 3 are endemies.
RACOVITZA (1907b) also described Agabiformius
manacori, a troglophile only known from the type
locality (Coves def Drac, Manacor), which has never
been found again (Figure 7).

Among the more remarkable aquatic isopods is tha
cirolanid Typhlocirolana moraguesi which is widely
distributed in anchihaline and freshwater environments
on Mallorca, Cabrera and sa Dragonera (GINES &
GINES, 1977; pers. obs.). This species is also known
from Menorca (PRETUS, 1981) as well as from Sicily,
although the lalter population possibly represent a
separale new species (CACCONE el al., 1988). Another
stygobiont ciralanid frorm Maflorea /s Melacirolana ponsi,
known anly fram an anchihaline cave on Cabrera
(JAUME & GARCIA, 1892b) (Figura 8).

The only citation of a stygobiont janirid isapod on
Mallorca corresponds fo «Microcharon comasis, an
as yet undescribed species from Cova de Can Sivella
{Pellenga){COINEAU, 1886). Other citations of
fanirids refer to several stygophilic Jaera species
found in caves and karstic springs (GOURBAULT &
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llorca es coneix I'endemisme balear Tethysbaena
scabra (Pretus, 1991) {in WAGNER, 1934),

Els isopodes lerrestres (Oniscoidea) son bons
colonitzadors d'ambiants humicoles | obscuricoles, E
seu régim detritofag facilita la seva preséncia a les
coves |, de fet, es coneixen moltes espécies genui-
nament troglabies dintre del grup. A Mallorea en tro-
bam guatre propies d’aguest ambient: Anaphiloscia
simoni, Trichoniscus dragani, Balearonethes sesro-
desanus i Haplophthalmus chisterai, dascriles res-
pectivament per RACOVITZA (1807b), TABACARLU
{1974}, DALEMS (1877) | CRUZ & DALENS (1989).
Les tres darreres son endémigues de Mallorca, A
meas, FACOVITZA (1207b) també descrivi Agabifor-
mius manacor, espécie trogldtila coneguda dnica-
ment de la localitat tipus (Coves del Drac), | no torna-
da a retrobar des de la seva descripcio (Figura 7).

O Trichoniseus dragam
[ Balearonethes sesrodesinus
O Haplopshit hisdmus . ofestery

Figura 7:  Distribucio dels istpodes oniscods reglabis de Mallerca,

Figure 7. Distribution of troglobitic oniscoid isopods on Mallerea

Entre els istpodes aquatics, destaca el cirolanid
Tvphlocirolana moraguesi, que colonitza amphament
les aiglies subterranies de Mallorca, Cabrera 1 sa Ora-
gonera (GINES & GINES, 1977; obs. prop.). Aquesla
espécie es coneix també de Menorca (PRETUS,
1981}, aixi com d'aigles freatiques sicilianes, sibe an
agquest darrer cas pot tractar-se d'una espécie dife-
rent (CACCONE et al., 1986). Un altre cirolanid esti-
gobi mallorqui és Metacirolana ponsi, conegut Unica-
menl d'ambients anquihalins a l'illa de Cabrera
(JALUME & GARCIA, 1992b) (Figura 8).

En quant a isdpades janirids, s'ha cital un « Mi-
crocharon comasi, captural a la Cova de Can Sive-
lla {Pollenga) (COINEALU, 1986), si bé agques! taxon
no ha estat iormalment descrit. Altres citacions da ja-
nirids, si bé en aquest cas estigofils, fan referéncia a
diverses Jaera localitzades a cavarnas o surgancies
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LESCHER-MOUTQOUE, 1973; JAUME & GARCIA,
1988; PRETUS, 18983).

The Amphipoda are highly diverse in Maforcan
grounawaters. The following endemics are specially
noteworthy: Bogidiella balearica, B. torrenticola,
Rhipidogammarus variicauda, Metacrangonyx
longipes and Psammogammarus burri. All inhabit

Figura 8 Metacirolana pons! JAUME at GARCIA, 1992, [sbpode
anguihali de la Cova des Burri {Cabrera).

Figure 8: Metacirolana ponsi JAUME & GARCIA, 1982, an
anchihaling isopod from caves an Cabrara.

brackish waters, although Metacrangonyx is also
regularly found in fresh waters (DANCALU, 1973;
PRETUS & STOCK, 1990; STOCK, 1978,
CHEVREUX, 1909, JAUME & GARCIA, 1992a)
(Figure 8). Three addilional endemic species, viz.
Pseudoniphargus racavitzai, P. daviui and P. tnasi
arae rasiricted to frashwater habitals on Mallorca and
Cabrera (FRETUS, 1880; JAUME, 1881). Another
4 amphipods are knawn from Majorcan groundwaters,
although their distributions extend beyond the
Balearic Islands. Pseudoniphargus mercadali, for
example, which was to date only known from Mallorca
and Menorca, has been recently collected on Sardinia
(pers. obs.). There are 2 littoral species displaying a
wide circum-mediterrangan distribution: Pseudo-
niphargus adriaticus and Salentinella angelieri.



carstigues (GOURBAULT & LESCHER-MOUTOUE,
1879; JAUME & GARCIA, 1988; FRETUS, 1989).

Els amfipodes es troben ampliameant diversificats
a les aigles subterranies mallorquines. Destaguen
els endemismes Bogidiella balearica, B. torrenticola,
Rhiphidogammarus variicauda, Metacrangonyx lon-
gipes i Psammogammarus burri, tots ells habitants
d'aiglies salobroses (encara que Melacrangonyx pot
trobar-se també en aigles dolces) (DANCAU, 1973;
PRETUS & STOCK, 1990; STOCK, 1978; CHE-
VREUX, 1909; JAUME & GARCIA, 1992a) (Figura 9).
Altres 3 endemismes, Pseudoniphargus racovilzai,
P. triasii P. daviui, es troben per contra relegals a es-
tacions exclusivament dulciaglicoles de Mallorca i
Cabrera (PRETUS, 19380; JAUME, 1981). Es conei-
xen altres 4 amfipodes estigobis a aigles mallorqui-
nes, si bé en aquest cas es tracta d'espécies amb dis-
tribucions que s'estenen mes enlla de I'ambit Balear.
Aixi, Pseudoniphargus mercadali, conegut fins a ho-
res d'ara Unicament de coves de Mallorca | Menorca
(PRETUS, 1989), ha eslat recol-lectat recentment
també a Sardenya (dades inédites dels autors). D'al-
tra banda, es coneixen tambe 2 elements litorals
d'amplia distribucio circummediterrania: Pseudoni-
phargus adriaticus i Salentinella angelieri. Finalment,
Rhipidogammarus rhiphidiophorus, un altre element
circummediterrani, és comu a les surgéncies carsti-
ques properas a la costa de la vessant nord de la Se-
rra de Tramuntana.

L'dnic misidaci exclusivament cavernicola cone-
gut a les Balears és Burrimysis palmeri, génere ende-
mic de la Cova des Burri, a l'illa de Cabrera (JAUME
& GARCIA, 1993).

Diplopoda

Els milpeus sdn animals higrofils de costums de-
tritofagues. A les coves de Mallorca ha estat descril
I'endemisme Lophoproctus pagesi, conegut unica-
ment de les Coves de Génova (CONDE, 1981) ide la
Cova de Bellver (NGUYEN DUY-JACQUEMIN,
1993), Altres espécies epigees es troben amb més o
manco freqdéncia a les coves, com:; Lophoproclus
feanneli, Polydesmus dismilus, Polydesmus coria-
ceus larraconensis i Orphaniciulus religiosus majori-
censis, aquesta darrera, subspécie endémica de Ma-
llorca.

Chilopoda

Els centpeus, malgrat no estar especialment
adaptats a la vida en les coves, son formes lucifuges
comunes en ambients lapidicoles. Lithobius vivesi,
endemisme de Mallorca, és I'Unic que es pot consi-
derar con a veritable troglobi (SERRA, 1983),

Insecta

Els col-lémbols son localment abundants en les
zones de les coves on es dona una major acumulacio

Finally another circum-mediterranean element,
Rhipidogammarus rhiphidiophorus, is common in the
karstic springs close to the sea on the northern slope
of Serra de Tramuntana.

—

Figura 9. Metacrangonyx longipes CHEVREUX, 1908, el primaer
amlipode estigobiont conegut de Mallorca (segons
CHEVREUX, 1908).

Figura 8: Metacrangonyx longipes CHEVREUX, 1808, the lirst
slygobiont amphipod known from Mallorea.

The only stygobiont mysid on the Balearic
Islands is Burrimysis palmeri, a genus known to date
only from an anchihaline cave on Cabrera (JAUME &
GARCIA, 1993).

Diplopoda

Millipedes are hygrophilous animals which feed
mainly on detritus. In Majorcan caves the endemic
Lophoproctus pagesi is resiricted to Coves de
Génova (CONDE, 1981) and Cova de Beliver
(NGUYEN DUY-JACQUEMIN, 1983). Other epigean
species have been recorded regularly in caves,
including Lophoproctus jeanneli, Polydesmus
dismilus, P. coriaceus tarraconensis and Orphanioiulus
religiosus majoricensis.

Chilopoda

Cenlipedes, although not specially adapted for
the life in caves, are frequent under stones and in
other dark habitats. Lithobius vivesi, an endemic of
Mallorca, is the only which can be considered as a
frue ftroglobiont (SERRA, 1983).

Insecta

Springtails (Collemboia) are locally abundant in
caves, specially on accumulations of decaying
organic matter. In Mallorca 3 species are known,
Oncopodura tricuspidata, Heteromurus nitidus and
the endemic Pseudosinella subcentralis, the latter
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de matéria organica. A Mallorca han estat citades On-
copodura tricuspidata, Heteromurus nitidus i I'ende-
misme Pseudosinella subcentralis, conegut unica-
ment de la Cova des Estudiants (Sdller) (GAMMA,
1985).

Els diplurs compten a Mallorca amb represen-
tants de dues families amb aparenga ben diferent. Els
campodéids, amb Campodea majorica majorica,
Campodea majorica interfecta | Plusiocampa lagei,
tenen antenes i cercs molt llargs. Els Japigids, repre-
sentats per Homojapyx espagnoli, tenen antenes cur-
tes i de vegades els cercs modificats en forma de pin-
ces, de fesomia semblant a dermapters. Campodea
majorica, un altre representant d'aquest grup, havia
estat considerada fins fa poc com a endemisme de
Mallorca, perd actualment es coneix tambe del llevant
Ibéric (Sendra in fit., HERRERO-BORGONON &
GONZALEZ, 1993).

Els dipters, tricopters, lepidopters | himenopters
citats a les coves mallorquines s'han capturat prefe-
rentment a les entrades, i poden considerar-se sub-
trogléfils. Mo obstant, entre els dipters es troba un
grup d'espécies o bé guanofiles o be ecto-parasites
de rates-pinyades, gue si mantenen una relacio mes
estreta amb el medi cavernicola (veure Taula ).
Aguests grups han estat estudiats essencialment per
FILBA (1977) i ESCOLA (1981).

En quant als coleopters cavernicoles, Mallorca
compta amb 5 espécies, totes elles endémigues i es-
trictament troglobies o endogees: Reicheia balearica,
Duvalius balearicus, Trechopsis ferreresi, Henrotius
jardai i Leptobythus palaui (Figura 10). DAMIANS
{1980) estudia la distribucié de Duvalius balearicus |
Trechopsis ferrerasi, posant de manifest la seva cir-
cumscripcid a les coves de la Serra de Tramuntana.
A aguesta comarca semblen també restringits Aei-
cheia i Henrotius, si bé d'aquest darrer hi ha una ci-
tacid de la Cova de la Carretera (Alcludia), que s’hau-
ria de confirmar. D'altra banda, el pselafid
Leptobythus palaui, descrit per JEANNEL (1955) de
la Cova de na Boixa (Puig de Sant Salvador, Fela-
nitx), constitueix un génere monoespecific endamic,
fins a hores d'ara, d'aguesta Unica |localitat de les Se-
rres de Llevant de Mallorca.

BLAS (1992) sintetitza les dades que fan re-
feréncia al catopid troglofil endémic de Mallorca Ca-
tops zariquieyi.

Els estafilinids san una familia de coleapters co-
muna a les entrades de les coves. En realital no sén
elemenis troglobis, perd cal destacar que alguns dels
trobats a les coves mallorquines sén endémics, fins
aleshores, d'aguestes localitats. Entre ells destaguen
Athefa bellesi descrita per BENICK (1990) de la Co-
va de les Rodes (Pollenga), Lobrathium bellesi des-
crita per BORDONI (1977) de la Cova de Can Sivella
{Pollenga), | Homalium espanoli, descrita per JARRI-
GE (1952) d'una cova d'Andratx («Cova Andritxol»),

Les puces (Siphonaptera) sdn parasites de ver-
tebrats. A les coves mallorguines unicament s'ha ci-
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only from Cova des Estudiants (Séller){GAMMA,
1985).

The Diplura are represanted on Mallorca by two
families of wvery different appearance. The
Campodeidae, with Campodea majorica majaorica, C.
m. interjecta and Plusiocampa fagei, display very
elongate antennae and cerci. In contrast the
Japigidae, represented by Homojapyx espagnoli,
display short antennae and sometimes claw-like
cerci, resembling Dermaptera. Campodea majorica,
which also belongs to the latter group, had previously
been considered an endemic of Mallorea, but is now
known from the East of the Iberian peninsula (Sendra,
in lit.; HERRERO-BORGONON & GONZALEZ, 1993).

The Diptera, Trichoptera, Lepidoptera and
Hymenoptera reported from Majorcan caves were all
captured mainly at the threshold zone. They can be
considered as sub-troglophiles. Nevertheless, among
the Dipiera, there is a group of species displaying a
closer relationship with the hypegean medium, being
guancphiles or ecloparasites of bals (Table If). These
groups have been studied by FILBA(1977) and
ESCOLA(1981).

Five strictly troglobitic endemic species of
Coleoptera are known on Mallorca: Reicheia
balearica, Duvalius balearicus, Trechopsis ferreresi,
Henrotius jordai and Leptobythus palaui (Figure
10).DAMIANS (1880) studied the distribution of

Figura 10: Duvalius balgaricus HENROT, 1984, coledpter tréquid
de les coves de la Serra de Tramuntana.,

Figure 10: Duvalius balearicus HENROT, 1864, & trechid beetle
from cawves in Serra de Tramunlana,

Duvalius and Trechopsis, concluding that they are
restricted to caves on Serra de Tramuntana. Reicheia
and Henrotius are also located in the same region,
afthough there is a report of the latter from Cova de la
Carretera (Aletdia), which has to be confirmed. The
pselaphid Leptobythus palaui, described by
JEANNEL (1955) from Cova de na Boixa (Puig de
Sant Salvador, Felanitx), is a monospecific genus
restricled to this single locality on Serres de Llevant.

BLAS (1982) synthesized the data on the
troglophile endemic Caftopidae Catops zariquieyi. The



tat Xenopsylla gratiosa, trobada sobre un virot (Calo-
nectris diomedea) a la Cova dels Virots (Cabrera)
(BEAUCOURNU & ALCOVER, 1883).

Els homépters s'alimenten de la saba de les
plantes, | per tant, no caldria esperar d'ells cap pro-
pensid a la vida cavernicola. No obstant hi ha un
grup, el dels fulgoroideus, gue ha adquirit una diver-
sificacid notable al medi hipogeu d'arzipélags ocea-
nics com a les Hawaii, les Canaries, o alguns indrets
d'Australia. Enlla viuen sobre les arrels gue penetren
dins els tubs de lava, de les que succionen la saba. A
Mallorca, RACOVITZA (1807a) 1 JEANNEL & RACO-
VITZA (18907) citaren un Cixius sobre les arrels de
Pistacia lentiscus que penetran en algunes sales de
les Coves del Drac (Manacaor). El varen qualificar com
a troglobi atenent a la preséncia d'estats larvaris a la
cavitat, i a que I'inic adult capturat «présente une de-
coloration assez margquée et qui a les veux rouges»,
Mo ha tornat a esser retrobat.

Entre els heterbptes sols s'ha citat 'endemisme
gimnésic Vella hoberlandli. Especie comuna a aigles
de superficie, fou trobada dins I'Avenc des Gel (Es-
corca), a on ben segur havia arribal de forma fortuita
(RIBES, 1977).

Chordata

Les anguiles {Anguilla anguilla) s'han observal
en repetides ocasions als llacs anquihalins del litoral
SE de Mallorca. Pel que fa a rates-pinyades, ALCO-
VER & MUNTANER (1986) recullen totes les dades
conegudes fins aleshores | amplien sensiblement el
congixement de la distribucid dels quirbpters de les
Balears. De les 15 espécies citades, 8 poden consi-
derar-se com a cavernicoles: Rhinolophus ferru-
maquinum, A. hipposideros, B. mehelyi, Myotis myo-
tis, M. naltarari, M. capaccinii, Plecolus ausiriacus |
Miniopterus schraibarsii,

Origen i afinitats del poblament
hipogeu mallorqui

El medi hipogeu ha funcionat sovint com a refugi
de linies filétigues que han vist minvada amb el lemps
|la seva area de distribucio, o fins i ot han arribat a ex-
tingir-se al medi epigeu. Per altra part, 'adaptacio al
medi cavernicola sol comportar una reduccio consi-
derable de la capacitat dispersiva dels animals impli-
cals. Aguestes dues caracteristiques contereixen a la
fauna hipogea un valor extraordinari com a document
paleogeografic,

Les Balears son 'arxipélag més aillal de la Me-
diterrania, Fiziograficamen! conslilueixen la part
emergida de la prolongacio de la cadena Belica, lo-
calitzada al llarg del marge sud-sudesi de la penin-
sula |bérica, enc que |a historia geodinamica de la zo-
na és més complexa. L'orogénia alpina no atecta per

Staphylinidae, commaon in the threshold zone of
caves, includes several endemic species on Mallorca
that are known only from this special habital, although
they do not display a troglobitized morphology.
Exemples of these species include: Atheta bellesi,
described by BENICK (1880) from Cova de les Rodas
(Pollenga), Lobrathium bellesi, described by
BORDONI (1877} from Cova de Can Sivella
{Polfenga), and Homalium espanoli, described by
JARRIGE (1952) from a cave on Andratx.

Fleas (Siphonaptera) are parasites of
vartebrales. From the Balearic caves only Xenopsylla
gratiosa is known, from a Cory's shearwater
{Calonectns diomadea) found in Cova dels Virots
{Cabrera) (BEAUCOURNU & ALCOVER, 1953).

Planthoppers (Homoplera) feed on the sap of
plants and are, thus, not a group specially preadapted
for life in caves. However, one group, the
Fulgoroidea, has diversified in hypogean habitats on
oceanic archipelagos such as Hawali and the
Canaries, and in regions of Australia. They live an the
rools penelrating fava tubes, feeding on their sap. On
Mallorca RACOVITZA (1807a) and JEANNEL &
RACOWVITZA (1907) cited a Cixius from the roots of
Pistacia lentiscus penetraling some chambers of
Coves del Drac (Manacor). It was considered (o be a
true trogipbiont bacause of the presence of larval
stages in the cave, and hacause the single adull
specimen caplured «présenta una décoloration assez
marguée et qui a les yaux rouges». I has nof been
found again.

Among the Heteroptera there is a single citation
of the epigean endemic Velia hoberlandti in Avenec
des Gel (Escorca). It is a common species in epigean
waltars and ils presence in this cave has to be
considerad accidantal (RIBES, 1977).

Chordata

Eals (Anguilla anguilla) are frequently observed
in the anchihaline lakes of the SE coasl caves of
Mallorca. ALCOVER & MUNTANER (1986) analyzed
the conservation status and distribution of bats in the
Balearics. They register 8 cave specias within a lotal
of 15 species. These sight species are: Rhinolophus
ferrumeguinum, R. hipposideros, R. mehelyi, Myatis
myotis, M. nattereri, M. capaccinii, Plecotus
austriacus and Miniopterus schreibersii.

Origin and affinities of the
Majorcan hypogean fauna

The hypogean environment has frequently acted
as a raefugium for phylaetic lineages which have
suffared sevaerae reductions in their original distribution
ranges, or which have become extinct above ground.
In addition, cave-dwelling animals usually display a
very reduced potenfial for dispersal. This combination
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igual a toles les Balears. Aixi, mentres a la resta d'i-
lles es poden identificar facies i estructures propies
de la cadena Bélica, Menorca no fou afectada tan in-
tensament par I'orogénia alpina. De fel, aquest és un
territori que originariamenl eslava unil al continent,
probablement en algun lloc de la zona avul ccupada
pel Golf de Lied. Aquesta placa es separa del conli-
nent, es desplaga | rota cap el SE durant I'Oligoce
{-20 Ma), i col-lislonda amb el promontori Balear.
Aguest desplagament fou conteémporani | associat al
sofert per la microplaca cirno-sarda. (ALVAREZ,
1972; 1978).

Aquest esbos geclogic ajuda a identificar les
possibles arees font del poblament més antic que pot
trobar-sa avui a les Balears. Pero |la data precisa de
la darrera submersio completa de I'Arxipalag as re-
marcable i rellevant per dilucidar I'antiguitat potencial
d'aquest poblament, doncs representa un punt inicial
per a la colonitzacld per la fauna terrestre i dulciagui-
cola. Aquesta data ha estat objecte de molt de debat.

Per una part, JEANNEL (1942) considera la
preséncia a les llles de fauna cavernicola antiga, pro-
vinenl d'un stock d'origen Paleogen (anterior als
26 Ma), el qual derivaria de l'anomenat Massis Proto-
Liguirie (que comprendria el NE de la peninsula Ibéri-
ca, Provenga, Corsega, Sardenya i Menorca). Aques-
ta hipotesi és en esséncia tolalment compalible amb
la visié actual de I'evolucio geodinamica de la Medi-
terrania occidental (ALVAREZ, loc. cit.), i bé aques-
ta fa innecessarl postular I'existéncia d'un antic mas-
sis per a explicar les semblances, geolagiques |
bidtiques, entre els territoris abans esmentats. Aixi,
les antigues espécies Profo-Ligurigues de Mallorca
(o els seus ancestres) podrien haver estat associa-
des inicialment a |'illa de Menoreca durant el seu des-
plagament rotacional des dels territoris |bero-
Provencals, per despras colonitzar la resla d'illes en
connectar aquella amb el promantori balear.

Altres biogedgrats mantenen un punt da vista di-
ferent. Aixi, COLOM (1875) defansa una submarsio
gairebé total de I'Arxipélag en époques recents (Tor-
toni&, -10 Ma), | conseqientment un origen de |a fau-
na balearica posterior a aquesta data.

Amb els coneixements faunistics actuals, I'ana-
lisi de les afinitats biogeografigues de la fauna hipao-
gea balear no permet descartar de forma global cap
d'aguestes hipolesis, havent grups d'organismes que
semblen recolzar-ne una o |'altra. Aixi, a la fauna es-
tighbia da Mallorca sembien absents els elements
limnics (d'aigua dolga) d'origen Palecgen, presump-
tament darivat del massis Proto-Ligdric. Tols els ta-
xons recol-lectats son d'afinitals marines (Mlinalges (a-
lassoids), enc que alguns d'ells semblen molt antics
atesa |la seva distribucio amfiatlantica {Pseudoni-
phargus, Tathyshaena, Psammuogammarus).

L'origen de la fauna troglobia terrestre sembla,
an canvi, multipla:

1) Hi ha, en primer lloc, un grup amb clares afinitats
amb el SE de la peninsula Ibarica | Nordatrica, re-
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of features ensures that the cave fauna has a great
value as a tool for paleogeographical reconstruction.

The Balearic Islands are the mosi isolated
archipelago in the Mediterranean Sea. Physio-
graphically they can be considered as the emergent
part of an extension of the Betic Chain (located along
the 5 and SE margins of lberian Paninsula) into the
western Mediterranean, even though the geodynamic
history of the zone is more complex. Thus, whereas
the other islands of the Archipelage display facies and
structures that can be clearly related to the Beatic
domain, Menorca was not affected by the Alpine
orogeny. In fact, it originally belonged to the N
lberian-Provence margin which underwent a
ratational displacement towards the SE during the
Oligocane {20 Ma BP) and collided with the Balearic
Promoniory. This displacement was conlempaorary to
and associated with that of the Corsica-Sardinia
microplate (ALVAREZ, 1872; 1978).

This geological scenario halps to idantify the
potential source areas of the putative anciant taxa
currently found on the Islands. But the precise date of
the last complete submergence of the Archipefago is
important and highly refevant as we attempt to
elucidate the antigquity of this fauna, since it
represents the baseline for colonization by terrestrial
and freshwaler laxa. This date has been the subject
of considerable debate.

JEANNEL (1842} considered 1o be important the
presence on the Islands of an ancient species siock
of Palecgene origin (older than 26 Ma BF), which
would have been derived from the so-called Proto-
Ligurian Massif {which embraced NE [beria,
Provence, the Tyrrhenian Islands and Menorca),
since it is in these regions where their closer relatives
are found. This hypothesis is compatible with the
modern concept of the geodynamic evolution of the
waslern Medilerranean region (ALVAREZ, 1972;
1876), although the lalter now makes unnecessary 1o
postulate the existence of an hypothetical massif to
axplain the geological and biotic similarities between
the territories listed abovae. Thus the ancient Prolo-
Ligurian stock on the Balearic Islands (or ils
ancestors) would have been associated initially with
the isfand of Menorca during its rotational
displacement to the SE from the mainland ibero-
Provengal margin during the Oligocene, until its
collision with the Balearic promontory. Then they
could have inftiated the colonization of the rest of the
Archipelago.

Other biogeographers sustain a different point of
view. COLOM (1875) postulated a complete flooding
of the Archipelago in recent epochs (Tortonian; 10 Ma
BP), and consequently an origin for the Balearic biola
after this date.

Preliminary analysis of the biogeographical
affinities of the Balearic cave fauna does not permit
the rejection of either of these two hypotheses, since
thera is evidence from different groups that supports



gions que probablement hagin eslal connectades
amb les Balears durant &l Tortonia (via el SE de la pe-
ninsula Ibérica). Aquest s el cas del pseudoscorpi
Roncus vidali, 'opilio Scotolemon balearicus, els co-
lebpters Reichela balearica, Trechopsis terraresi,
Leptobythus palaul, | isbpode Haplophthaimus chis-
terai. El pseudoscorpl Neobisium (Blothrus) monas-
terdi fou relacionat per MAHNERT (1977) amb la fau-
na d'Euskadi, perd HEURTAULT (1990} ha deserit
una especie pertanyent a aguest subgénere del nord
argeli (regid biogeogralica més afi a les Balears), | és
per aixd que |'englobam dins d'aguest grup.

2) E= pot identificar també un reduit grup d'espécies
d'afinitat Proto-Ligurica (aixt és, NE de la paninsula
ibérica, Provencga i illes Tirréniques), | per tant d'ori-
gen antic. Ho componen els coledpters Duvalius ba-
learicus | Henrotius jordal, | també el diplopode Lo-
phoproetus pagesi.

31 Hi ha també elements d'afinitat mdltiple, com 'sd-
pode Trichoniseus dragani, o el quilopode Lithobius
vivesi, perlanyents a grups gue compten amb repre-
sentants per lota la Mediterrania.

4) Finalment pat esmentar-se |'enigmalic isbpode Ba-
learanethaes sesrodesanus, un genere endemic de
Mallorca amb afinitat incerta, | que és considaral com
la forma més arcaica entre els Haplophthalminae
(CRUZ, 1990},
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FLORA DE LES ENTRADES DE LES CAVITATS
DE MALLORCA

FLORA AT THE CAVITY ENTRANCES
IN MALLORCA

Lluis FIOL!?

Hesum

Amb la inlencid de presentar una sintesi dels coneixements disponibles sobra la flora
de les entrades de les cavilals de Mallorca, feim un repas, a partir de |a bibliografia a
I'abast, de les condicions ambientals que caracteritzen aguests indrats | de la flora qua
colonilza els microclimes peculiars que s'hi creen, Assenyalam les diferents regions que as
poden distingir  —prelereniment en els avencs—, el seu poblament flaristic més fraqliant,
la importancia de les cavilals com a reductes d'espicies considerades relictuals i el possible
origen d'aquesla flora.

Abstract

With the intention of presenting a synthasis an the available knowledge on the llora of
cavity entrances in Mallorca, we will go over this lssue —on the basis of the bibliography
at our disposal— dealing with both the environmenial conditions thal characterize these
areas and the flora that inhabits the peculiar microclimates genaratad from tha formar. We
will point oul the different regions thatl can be distinguished, prefarantly in shafts, and their
mos! frequent botarical inhabitalion, as well as the importance of cavities ag radoubis of

spaecies considered as relict and the possible origin of this flara,

Introduccio

El mén subtarrani, que pareix a primera vista poc
propici per al desenvolupament de la vida, és un in-
dret que també ha estat colonitzat per multitud d'or-
ganismes vius. Perd, mentra la fauna esta en condi-
cions d'accedir a qualsevol punt d’aquest habitat, la
vegetacid queda limitada a les zones on arriba
I'energia lluminosa, imprescindible tant per a la sin-
tesi de clorofil-la com per a la fotosintesi subsegient.
Per aguesta rad la flora queda localitzada a les
entrades de les cavitats | per tant el terme "flora sub-
terrania”, utilitzal amb fregiéncia, el consideram poc
apropat, excepluant la microflora quimioautdtrofa i
heteratrofa que pol viure en abséncia total de llum,
perd que per altra banda esla prou allunyada taxono-
micament de |a resta de grups gue consideram.

i Departament de Biologia Ambiental (Laboralon de Batanica).
Univarsitat de las llles Balears. Cira de Valldemossa km 7.5.
E-07071 Palma do Mallorca

Introduction

The underground world, which at first sight does
not seem favourable for the development of life, is a
place that has also bean colonized by a multitude of
living organisms. However, while fauna is in condition
of acceding to almast any spat of this habitat, the
vegelation is limited to the areas whare the luminous
energy reaches, essential both for chlorophyl!
synthesis and for the subsequent photosynthesis. For
this reason, flora is restricted to the entrances of
cavities and therefore the term "underground flora”,
frequently used, is considered rather inaccurate,
except for the chemoautotrophic and heterotrophic
microflora that can live with a total absence of light,
but that on the other hand is at a great distance
taxonamically fram the rest of groups taken into
consideration.

Altheugh the available information on the subject
in general terms, without being abundant, is
beginning to be varied (MORTON & GAMS, 1925;
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Si bé la informacio disponible sobre 2l tama a ni-
vell general, sense ser abundant, comenga a ser va-
riada, com per exemple: MORTON & GAMS (1925),
TOSCO (1959), DALBY (1968), DOBAT (1970), CUB-
BOM (1976), GRACIA (1974), DOBAT (1977), HE-
RRERQ-BORGOMON & MATEQ (1984) i HERRERO-
BORGONOM (1988), en canvi en relacid a las
cavitats mallorguines, a part d'alguna petita informa-
cid inclosa en els treballs de KNOCHE (1821-1923),
KOPPE (1965), SLOOVER (1967), LLORENS (1872)
i DUNK (1977), les dnigues publicacions disponibles
san les de MAHEU (1912), ROSSELLO & GINES
(1980), GINES (1983), GRUP ESPELEOLOGIC EST
(1986) | GINES & GINES (1992).

A partir d'aquesta informacid | en particular de la
proporcionada per mas de 40 cavitals repartides per
I'illa I[GINES, 1888), ja estam en condicions de donar
una visio general del poblamant floristic d'aguesls in-
drets —encara que hi ha grups molt poc estudiats
com son els liqguens i altres com clanobacteris, algues
i la resta de fongs que estan pendents d'estudi—,  aixi
com de les condicions ambientals que el fan possible.

Caracteritzacio del medi fisic

La informacid disponible pertany majoritariament
a les cavitats de desenvolupament vertical o avencs,
perd tant a aquests com a les coves, a part de di-
feréncies significatives que tractarem més endavant,
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TOSCO, 1859; DALBY, 1886; DOBAT, 1970;
CUBBON, 1876; GRACIA, 1874; DOBAT, 1877;
HERRERO-BORGONON & MATEO, 1984;
HERRERQ-BORGONON, 1986), however, with
regard lo Majorean cavities, apart from same minar
infarmation included in the warks of KNQCHE (1821-
1823), KOPPE {1985), SLOOVER (1967), LLORENS
{1872} and DUNK (1877), the only available
publications are those of MAHEU (1912), ROSSE LLO
& GINES (1980), GINES (1983), GRUP
ESPELEOLOGIC EST (1986) and GINES & GINES
{1992),

Starting from this information, and particularly
that provided by more than 40 cavities scafterad
around the island (GINES, 1988), we are now able to
give a general view of the botanical inhabitation of
these places —although there are very little studied
groups such as lichens and others, Iike
cyanobacteria, algae and the rest of fungi, that are yet
to be studied—  as well as the environmental

conditions that make if possible.

Figura 2:  Dibuix interpootativ de la distnbucio de la llum a un avanc
| 8 una cova.

Frgure 2:  Inlerpretative drawing of ight disfabuetion ima shalt and in
& horizontal cave.

Characterization of physical
environment

Most of the available information belongs to
cavities of verlical development or shafls, bul both
these ones and the horizontal caves, apart from



es presenten unes condicions ambientals molt pecu-
liars que passam a comentar.

El factor més definidor i gque condiciona totalment
la vida vegetal en aguests indrets és la llum que, fins
i tot en les condicions més favorables, disminueix ra-
pidament en funcid de la distancia a l'entrada i de ma-
nera exponencial (GRACIA,1978) (Figura 1). L'espe-
cial lopografia dels avencs, amb parels mes o manco
varticals o extraplomades, amb multitud de microre-
lleus i escletxes, fa qua la distribucio de la llum sigui
molt aleatoria. Com apunten ROSSELLO & GINES
(1980) la significativa freqléncia amb qué apareix en
els avencs la molsa Tortella tortuosa, espécie xerdfi-
la i fotafila, exemplificaria aquest fel. En canvi a les
coves, pel seu desenvolupament més horitzontal,
passa gairebé tot el contrar, ja que es pot determinar
amb prou exactitud la correlacid existent entre els va-
lors de lluminositat i la distancia respecte a 'entrada
de la cavitat (Figura 2).
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Figura 1: Valors da lluminositat de I'Avena d'on Corbora s do la Co-
v dhe 58 Tossa Alla (segons GINES, 1889).

Figura 1 Luminasity values in Avens d'en Corbera and Dava de sa
Tossa Alla localities (after GINES, 1983),

significant differences that we will deal with later on,
present very peculiar environmental conditions that
we will now comment.

The mast defining fact and that totally conditions
plant life in these areas is light which, even in the
most favourable cases, diminishes quickly following
an exponential trend {GRACIA, 1976) depending on
the distance (o the entrance of the cavity (Figure 1).
The special lopography of shalls, with rather vartical
or overhanging walls, with a greal deal of microraliets
and crevices, causes the distribution of light to be
very aleatory. As ROSSELLO & GINES (1980) point
oul, the significant frequancy with which the moss
Tortella tortuosa appears in shafts, a xerophilous and
photophilous species, would set oul an example of
this fact. However, in caves, due to thelr most
harizontal development, what happens is quite the
reverse, since it is possible to determine accurately
the existent correlation between the amount of light
received and the distance with regard to the enlrance
of the cave (Figure 2).

This progressive extinclion of light goas very wall
logether with zoning bands of the diffarant plant
groups and their progressive disappearance.
Schamatically, the phanerophytes are the first group
to disappear, the pteridophytes are the following, then
the bryophytes and finally the cyanobacteria. A few
examples taken from recent data (GINES, 1983;
GINES & GINES, 1992) prove this fact; therefore the
umbrophilous communities of phanerophytes with
Parietaria lusitanica or Soleirolia soleirolii have a
rather favourable developmenl with 1/685 or even
1/100 of the whole of the maximum exterior
ilurmination. The fern Polypodium cambricum is raraly
found below 700 lux, whereas Phyllitis scolopendrium
ig found with values comprised betwaen 1,500 and
140 lux, that is to say 1/800 and 1/30 respectively.
One of the most significant mosses in cavities such as
Homalia lusitanica can be found between 200 and 40
fux and eyanobacteria reach up to about 1/2,000 of
environmental luminosity,

It is interesting to point out that as we approach
the extinction zones of a group, different
morphological modifications take place which are
very evident and that affect the size, shape and
arrangement of the aerial parls and the reproductive
structures significantly, which end up by
disappearing. Together with the physiclogical
changes, mora difficult to detect, a proof of that would
ba the pigmentation changes, it can altogether hinder
graatly the datarmination of these spacies.

A curious case of cave vegetation is located in
the surroundings of the ariificial light spots installed
in show-caves which are visited by tourists. This
vegetation, called ampenflora™ by DOBAT (1877), is
formed by mosses, ferns and algae that are
distributed concentrically in this order all around the
spot of light.

The temperature and the humidily are the other
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Aquesta extincio progressiva de la llum va acom-
panyada amb bastant precisié per una zonacio en
bandes dels diferents grups vegetals i la seva gradual
desaparicio. Esquematicament el primer grup a de-
saparéixer és el de les fanerogames, a continuacio el
dels pteridofits, després el dels briofits i finalment el
dels cianobacteris. Uns quants exemples a partir de
dades recents (GINES, 1983; GINES & GINES, 1992)
demostren aquest fet; aixi les comunitats esciafiles
de fanerdgames amb Parietaria lusitanica i Soleiro-
lia soleirolii es desenvolupen més o manco favora-
blement amb 1/65 o fins i tot 1/100 del total de la il-lu-
minacio maxima exterior. La falguera Polypodium
cambricum rarament es troba per davall dels 700 lux,
mentre que Phyllitis scolopendrium es troba amb va-
lors compresos entre 1500 i 140 lux, és a dir 1/800 i
1/30 respectivament. Una de les molses més signifi-
catives de les cavitats, com és Homalia lusitanica, la
trobam entre 200 i 40 lux i els cianobacteris arriben
fins aproximadament 1/2.000 de la lluminositat am-
biental.

Es interessant assenyalar que, a mesura que
ens aproximam a les zones d'extincio d'un grup, es
produeixen diferents modificacions morfoldogiques
ben evidents que afecten la mida, forma i disposicid
de les paris aeries i, de forma significativa, les es-
tructures reproductores, que acaben per desaparei-
xer. També es produeixen canvis fisiologics, més di-
ficils de detectar, una prova dels quals serien els
canvis de pigmentacio. Tot plegat pot dificultar serio-
sament la determinacié d'aquestes espécies.

Un cas curios de vegetacio cavernicola es pre-
senta als voltants dels punts de llum artificial
instal-lats a les coves condicionades per a ser visita-
des pels turistes. Aquesta vegetacio, denominada
“lampenflora” per DOBAT (1977), esta formada per
molses, falgueres i algues que de forma conceéntrica
es distribueixen per aquest ordre al voltant del punt
de llum.

La temperatura i la humitat son els altres dos fac-
tors limitadors de la vida a les cavitats, pero mentre
que en els avencs s'estableix una estratificacio verti-
cal amb uns gradients de temperatura i humitat niti-
dament delimitats, que presenten una marcada iner-
cia respecte als canvis que tenen lloc a I'exterior
durant el pas de les estacions, a les coves aquesta
estratificacio és molt més difusa a causa sobretot
dels corrents d'aire que s’hi generen periodicament.

Respecte a la temperatura, és interessant re-
marcar la suavitzacio de I'estacionalitat que es pro-
dueix a les cavitats i que es fa més evident a mesura
que anam accedint a les parts més profundes, fins
arribar a una zona on la temperatura és quasi cons-
tant (Figura 3). Aquesta generalitzacié s’ha de mati-
sar ja que hi pot haver factors locals que modifiquin el
regim térmic, com seria el cas dels corrents d’aire a
les coves, o el que es deriva de les observacions
climatiques realitzades en el Clot des Sero (GINES &
GINES,1992), que demostren que aquesta cavitat ac-
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two restrictive factors of life in cavities, but while in
shafts a vertical stratification with some temperature
and humidity gradients clearly delimited is
established, which present a marked inertia with
regard to the changes that take place in the exterior
as seasons go by, this stratification is much more
diffuse in caves mainly due to air draughts that
generate periodically.

In relation to the temperature, it is interesting to
observe the seasonal mildness that occurs in cavities
and that becomes more evident as we get to the
deepest parts, until we reach an area where the
temperature is almost constant (Figure 3). This

Avenc d'Escorca, 15-VII-89
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Figura 3:  Perfils verticals de temperatura i humitat relativa de I'A-
venc d'Escorca, o de sa Font de s'Espinal (segons
GINES & GINES, 1992).

Figure 3:  Vertical profiles of temperature and relative humidity in
Avenc d'Escorca, also named Avenc de sa Font de
s'Espinal (after GINES & GINES, 1992).

generalisation has to be clarified taking into account
the existence of local factors that can modify the
thermic system, like the case of draughts in caves, or
what derives from climatic observations such as
those carried out in the shaft named Clot des Sero
(GINES & GINES, 1992), which prove that this cavity
acts like a “cold air trap” (CHOPPY, 1982; 1983). This
fact makes the presence of the fern Phyllitis
scolopendrium possible in this special microclimate,
which in turn is fitted into an exterior macroclimatic
context absolutely adverse for most of the species
that inhabit the interior of this shaft.

The values of relative humidity become apparent



tua com una "trampa d'aire fred" (CHOPPY ,1982;
1883), que fa possible la presancia en aguest micro-
clima de la falguera Phyllitis scolopendrium dins un
context macroclimatic exterior radicalment advars per
a aquesta | la majoria d'espécies qua colonitzen l'in-
terior d'aquest avenc.

Els valors d'humitat relativa es manifesten com
un factor ambiental de primer ordre, que Influsix de-
cisivameanl en el poblament floristic de les cavitalts.
Aguests valors s'incrementen amb la profunditat, | do-
nen lloc a bandes ben definides (PIPAN, 1956), | arri-
ben a les parts meés profundes a valors de saturacio o
praxims a ells (Figura 3). Conve insislir, per la lrans-
cendéncia que té a un clima mediterrani com el nos-
tre, en |la poca incidéncia a l'interior de les cavilals
dels periodes de marcada sequera estival gue es do-
nen a I'exterior, i que fan possible unes agrupacions
vegetals encara mal definides, perd en moltes oca-
sions exclusives d'aquests indrets.

Es poden considerar també altres factors ecolo-
gics de menor incidencia general, perd que localment
poden esser decisius per a explicar el poblament flo-
ristic d'una determinada cavitat o de part d'ella, com
son: tipus de substrat, disposicié, porositat | valors
del seu pH , stc.

Considerant tots als factors cilals i en especial
els tres primears, és possible caracleritzar una serie
de microclimes diferents a les cavitats, entre els quals
el més caracteristic i per tant aquell on es desenvo-
lupa la vegetacid més tipica, és la zona —d'ampli-
tud variable segons les cavitats— onla quantitat de
llum és encara suficient i els valors d'humitat relativa
s0n ja prou alevals. Aguest ambit sol presentar uns li-
mits difusos com a consequencia del seu dinamisme,
en funcio dels canvis macro | micro ambientals que es
van succeint en el temps.

Zonacio i vegetacio associada

En funcid del seguit de microclimes i de les ne-
cessitats dels diferents grups | espécies, es crea una
distribucid zonada de la vegetacid. A partir de la in-
formacio que ja disposam (GINES, 1989) i seguint el
criteri exposat per DOBAT (1970) podem distingir,
mes clarament definides als avencs, les seglents
regions:

REGIO D'ACCES, que es correspon amb els seclors
immediats a |'entrada de les cavitals | que, si be ja pol
BSSer una zana mes o menys ombrivola, esta sempre
ben il-luminada | presenta quantitats considerables
de sol. En aguests indrets predominen les faneroga-
mes, que formen part de la vegetacio propia dels vol-
tants de la cavitat, amb espécies tan xariques com:
Ampelodesmos mauritanica, Smilax aspera, Pistacia
lentiscus, Asparagus acutifolius, Erica multiflora, Ory-
zopsis millacea, etc. Entre els pteridofite cal destacar
Selaginefla denticulatal Ceterach officinarum. O'altra

as a major environmental factor, which influences
decisively the botanical inhabitation of cavities. Thase
values increase with depth, producing well-defined
bands (PIPAN, 1956), and reach to the despest parts
up to saluration values or very near them (Figure 3).
it is convanient lo insist, due to the importance in a
Meditaerranean climate as ours, on the scarce
incidence inside the cavilies of marked droughts that
take place in the exterior during dry summer season,
and which favour the appearance of groups of plants,
still badly defined by the researchers, but being in
many occasions exclusive of thesa kind of localions.

Other ecological factors of less ganaral incidence
can also be considered, but thal can be decisive
locally in order to explain the botanical inhabitation of
a determined cavity or part of it, such as: the kind of
substratum, disposition, porosity and valves ol its pH,
ele.

Taking into account the mentioned factors and
spacially the first three, it is possible to characterize
a sarias of differenl microclimates in cavitfes, among
which the mosi characierislic, and therefore the one
where the most typical vegelation grows, is the area
—of a variable widih depending on the cavities—
where the amount of light is still suificient and the
humidity values are high enough. This ambit usually
presents diffuse limits as a result of its dynamism
depending on the macro and micra enviranmenlal
changes that occurin time,

Zoning and associated
vegetation

Depending on the successive microclimates and
on the needs of the different groups and species, a
zoning distribution of vegelation arises. Starting from
the information at our disposal (GINES, 1989) and
according with the criterion exposed by DOBAT
(1970) we can distinguish, more clearly defined in
shafts, the following regions:

ACCESS REGION, which corresponds with the
immediale sectors at the entrance of cavities and
that, although it can be a rather shady area, /s always
wall-illuminated and presenis considerable amounts
of soil, In these places there is a predominance of
phanerophytes, which form part of the typical
vegetation of the surroundings of the cavily, with
species so xerophilous as: Ampelodesmos
mauritanica, Smilax aspera, Pistacia lentiscus,
Asparagus acutifolius, Erica multifiora, Oryzopsis
miliacea, etc. Among the pteridophyles wa must poini
out Selaginella denticulata and Ceterach officinarum,
On the other hand, the liverwarts Porella laevigata
and Plagiochila asplenioides often appear, whereas
the most frequent mosses are Anomodon viticulosus,
Ctemdium molluscum and Scorpiurium circinatum. /n
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banda solen aparéixer les hepatiques Porella laevi-
gatai Plagiochila asplenioides, mentre que les maol-
ses més freglents son Anomodon viliculosus, Cleni-
dium molluscumi Scorpiurium circinatum. En aguesta
zona de I'Avenc d'Escorca —conegut tambe com
Avenc de sa Font de s’Espinal— hem trobat els li-
guens, tots ells més o manco esciafils: Acrocordia co-
noidea, Dermatocarpon miniatum var. miniatum, Pel-
tigera canina, Porina byssophila, P. oleriana |
Verrucaria pinguicula.

REGIO DE L'ENTRADA, caracteritzada per rebre
una il-luminacia indirecta encara bastant intensa, per
presentar un considerable pendent | menors quanti-
tats de sol disponible. La vegetacio és ja més higrofi-
la i esciafila, propia del sotabosc o rupicola. Entre les
fanerdgames, totes elles de fulles mes grosses, ci-
tam: Geranium robertianum subsp. purpureum (Figu-
ra 4), Hedera helix, Acer granatense, Tamus com-
munis, Ficus carica, Cyclamen balearicum, Parietaria

Figura 4: Geranium robertianum L. subsp. puvpureum (Vill.} Nyman

Figure 4: Geranlum robertianum L. subsp. purpureum (Vill.}
Nyman.

lusitanica, etc. Dins aquest grup convé destacar una
série d'interessants endemismes tirrénics i balearics
gue es troben a coves de la zona NW de la Serra de
Tramuntana, com son: Urtica bianorii, Soleirolia so-
leirolii, Pimpinella bicknelli, Sibthorpia africana i Cym-
balaria aequitriloba; falgueres com Polypodium cam-
bricum, Asplenium onopteris | l'interessant
Polystichum seliferum, que apareix, entre les poques
localitats a tota l'illa, a un grapat d'avencs del Puig
Major. Hi ha les hepatiques Leiocolea turbinata, Co-
nocephalum conicum i Pellia fabbroniana, i les mol-
ses Meckera crispai Rhynchostegiella tenelia, junta-
ment amb alguna espécie de la zona anterior. Al Clot
des Sero hem localitzat els liquens Lepraria sp., que
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this upper region of Avenc d’Escorca shaft —also
known as Avenc de sa Font de s'Espinal— we have
found lichens, all of them rather umbrophilous:
Acrocordia conoidea, Dermatocarpon miniatum var.
miniatum, Peltigera canina, Porina byssophila, P.
oleriana and Verrucaria pinguicula.

ENTRANCE REGION, characterized for receiving an
indirect illumination still quite intense, as well as for
presenting a considerable slope and less amounts of
available soil. The vegetation is now more
hygrophilous and umbrophilous, typical of the
surrounding undergrowth, or even rupicofous. Among
the phanerophytes, all of them having bigger leaves,
we will mention: Geranium robertianum subsp.
purpureum (Figure 4), Hedera helix, Acer granatense,
Tamus communis, Ficus carica, Cyclamen
balearicum, Parietaria lusitanica, efc. In this group it
is convenient to point out a series of interesting
Tyrrhenian and Balearic endemisms thal are found in
the caves of the NW area of Serra de Tramuntana,
such as: Urtica bianorii, Soleirolia soleirolii,
Pimpinella bicknelli, Sibthorpia africana and
Cymbalaria aequitriloba; ferns such as Polypodium
cambricum, Asplenium onopteris and the interesting
Polystichum setiferum, which appears, among the
few locations on the island, in a number of shafts near
the Puig Major summil. There are also the liverworts
Leiocolea turbinata, Conocephalum conicum and
Pellia fabbroniana, and the mosses Meckera crispa
and Rhynchostegiella tenella, together with some
species of the previous access region. In Clot des
Sero shaft, we have located the lichens Lepraria sp.,
which spreads widely forming a whilish carpet of a
few m2, and Opegrapha mougeotti (Figure 5).

Figura 5: Opegrapha mougeolli Massal
Figure 5: Opegrapha mougeotti Massal,

Inside the shafts with a wider opening, like Avenc
d'Escorca and Clot des Sero, this vegelation appears
luxuriantly at the bottom of the cavities, together with
ferns and mosses from the next region.

The lower part of this enfrance region usually
marks the limit of the phanerophytic oceurrence
inside the caves.



s'esten ampliament formant una catifa blanguinosa
d'uns guants m=, aixi com Opegrapha mougeotli (Fi-
gura 5).

Als avencs amb boca més ampla, com 'Avenc
d'Escorca o el Clot des Sero, aquesta vagetacia apa-
reix de manera exuberant en el fons de les cavitats,
juntament amb falgueres i molses de |a regid seglent.

La part inferior d'aquesta regid sol esser el limit
de les fanerogames.

REGIO DE TRANSICIO, que es correspon amb la zo-
na de la cavitat on arriba una débil llum indirecta. A la
part externa d'aquesta regit es desenvelupen les fal-
gueres: Adianium capillus-veneris, Phyllitis sagittata,
P. scolopendrium, que és |'espécie més representa-
tiva del avencs qua as troben en els sectors muntan-
yosos humits de |a Serra de Tramuntana, aixi com
Asplenium trichomanes, que és la falguera que arri-
ba a major profunditat. Els bridfits estan representats
per un grup de molses que, per les altes freqiéncies
d'aparicid en els avencs (ROSSELLO & GINES,
1980}, es poden considerar com les més cavernico-
les de les citades fins ara, son: Thamnobryum alope-
curum, Homalia lusitanica (Figura 8), Eucladium ver-
ticillatum, Fissidens cristatus | Mnium sp.

L'escassa llum gue arriba a la part interior d'a-
guesta regid encara fa possible que la zona sigui co-
lonitzada per les maolses Th. alopecurum i H. lusitani-
ca, que assenyalen el limit d'extincid dels briafits.
Tambe trobam algues i cianobacteris respacte dals
quals, si ba partanyen a grups no estudiats a basta-
ment fins ara, es pot afirmar que l'important paper tra-
dicionalment assignat als cianobacteris i a les algues
com a darrers colonitzadors en els llocs menys il-lu-
minats, gueda als avencs molt minimitzat a causa de
la competéncia per la llum que s'estableix amb les da-
rreres molses citades, | que suposa que aquestes si-
guin de fet el limit intern de la vegetacio a les cavitais
verlicals (GINES, 1989).

REGIO PROFUNDA, que s'estén a partir de |'extincio
de lallumi, per tant, &s una zona incompatible amb la
vida vegetal en sentit estricte. HERRERO-BOR-
GONON (1986) identifica aquesta regid com a zona
micofitica, amb uns valors d'intensitat lluminosa infe-
riors a 1/2.500 respecte de |'exterior i colonitzada per
fongs | bacteris.

Un caracter prou interessant dels avencs, a cau-
sa dels peculiars microclimes que presenten, s el
d'actuar com a refugi de certes espeacies que es con-
sideran relictuals (TOSCO, 1959), com san a Mallor-
ca els briofits: Taxiphyllum wissgrilli, Orthothecium
intricatum, Solenostoma friste | Rhizomnium puncta-
tum, que fins ara sols s’han trobat dins cavitats. Aixo
fa pensar en la possibilitat de descobrir novetats flo-
ristiqgues desconegudes fins ara, com demostren les
set primeres noves cites de bridfits per a les Balears
publicades a ROSSELLO & GINES (1980).

TRANSITION REGION, which corresponds with the
area of the cavity where a weak indirect light gets
through. Ferns grow in the external part of this region:
Adiantum capillus-veneris, Phyllitis sagittata, P.
scolopendrium that is the most representative
species of the shafts situated in the humid
mourniainous sectors of Serra de Tramunlana, as well
as Asplenium trichomanes, which is the fern that
reaches a grealer depth. Bryophytes ars represanted
by a group of mosses that, due to their high-frequancy
appearance in shafts (ROSSELLO & GINES, 1980),
they can be considered as the most cavernicolous of
the above mentioned up tll now; they are:
Thamnobryum alopecurum, Homalla lusitanica
{Figure 6), Eucladium verticillatum, Fissidens
cristatus and Mnium sp.

Figura B;  Howmalia lusilanica Schimper

Figure &: Homalia lusitanica Schimpar,

The scarce light that reaches the interior part of
this region still makes possible for the area to he
inhabited by the mosses Th. alopacurum and H,
lusitanica, which mark the extinction limit of
bryophytes. We also encounter algae and
cyanobactaeria, groups which have not been well-
studiad until prasant; however, it can be now asserfed
that, in spite of the important role traditionally
assigned to algae and cyanobacteria as the inner
inhabitants of the fess iluminated spols in the
cavities, they are absolutely minimized in the shafts
due to the competition for light that is established wilth
the last mosses above mentioned, and which entails
that these constitute the internal limit of vegetation in
vertical cavities (GINES. 1989).
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Origen de la flora cavernicola

Tot el gue hem exposat lins ara pareix indicar
que l'origen de la flora de les cavitats s'ha de cercar
a les masses boscoses, tal vegada de caducifolis,
gue possiblement arribaven a coronar les parts altes
de la nostra serra i feien possible, dins un clima més
temperat i humit, I'existéncia d'un sotabosc on eren
presents les espécies citades com a més tipiques de
les cavitats. Un progressiu canvi de clima cap a si-
tuacions més extremes, o fins i tot la intervencid de
I'hnome, van provocar |a desaparicid paulatina
d'aquests boscos | les plantes integrants del sotabosc
varen quedar relegades a les zones més ombrivoles
i humides que proporcionava el relleu, entre les guals
es troben les cavitats carstigues, que en certs casos
han resultat esser els darrers reductes d’aguestes
espécies a les nostres illes.
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DEEP REGION. that spreads starting from the
extinction of light and, therefore, it is an incompatible
area with regard to plant life in the strict sense.
HERRERO-BORGONON (1986) identifies this region
as a mycophylic area, with values of light intensity
below 1/2,500 of exterior ilumination and inhabited by
fungi and bacteria.

A rather interesting characleristic concerning
shafts, due to the peculiar microclimate that they
present, is their role as refuge for certain species that
are considered relict (TOSCO, 1959), such as several
bryophytes in Mallorca: Taxiphyllum wissgrilli,
Orthathecium intricatum, Solenostoma triste and
Rhizomnium punctatum, that up till now have only
been found in cavities. This leads one to believe in the
possibility of discovering botanical novelties unknown
until present, as it is proved by the first seven new
occurrences of bryophytes in the Balearic islands
found inside some shafts (ROSSELLO & GINES,
1980).

Origin of cave flora

Everything we have exposed up till now seems fo
indicate that the origin of flora in Majorcan cavities
has to be sought in wood masses, perhaps in
deciduous ones, which probably —in a more
temperate and humid climate— managed to cover
the high areas aof our mountains and made the
existence of undergrowth communities possible,
where the species now quoted as the most typical of
cavities were present. A progressive change of
climate towards more extreme conditions, or even the
intervention of man, provoked the gradual
disappearance of these woods, and the integrating
plants of the undergrowth were relegated to the
shadiest and most humid zones that the relief
provided, amang which we encounter the karstic
cavities that in certain cases have become the last
redoubl of these species on our islands.
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INTERES PALEONTOLOGIC DELS JACIMENTS CARSTICS
DE LES GIMNESIES | LES PITIUSES

PALEONTOLOGICAL INTEREST OF KARSTIC DEPOSITS FROM
THE GYMNESIC AND PITYUSIC ISLANDS

Paul Y. SONDAAR ', Miguel McMINN ', Barlomeu SEGUI' & Josep Antoni ALCOVER!

Resum

El conememenl sobre les faunes verlebrades del Plioce | Pleistoce de les Gimnesies i
de les Pilidses prove principalment de I'estudi de materials [ossils oblinguts en diposits cars-
lics. El seu registre lossililer cobreix el Plicce | el Pleistocé, un espectre temporal de devers
5,5 milions d'anys. Myofragus, un bovid endémic de les Gimnésies, I'Unic mamifer de talla
miljana d'aquestes illes, €3 una especie-clau per a la interprelacio dels processos evolu-
tius. L'estudi del seu registre fossiliter documenta que la discussid entre puntuacionismae i
gradualisme és artefactual. El registre fossilifer de les Pitilses és menys complat par al
Plioce | Pleisloce inferior. Perd les faunes Tossils del Pleistocé superior de las Pitilizes as-
tan molt ben documentades | constituaizen I'anomalia faunistica més gran de totes les illes
meditarranies. Aquesta anomalia demostra qua hi va esdevenir una catastrofe natural, [a
nqual va causar 'extincid dae tols als veriebrais terresiras llevat d'una espacia de sarganta-
na Lacertidae, | de devers 3/4 parts dels gasterdpodes terresires. Posteriorment an aquest
esdevanimant les llles Pitiiises no foren recolonitzades per alires veriebrais terrastras, lle-
vat de per ocells | rates pinyades. Probablement "actual sistema de correnls marines que
actualment es troba entre les Pitibses i la Peninsula Ibérica ja existia en el passat, | degué
evitar la dispersid ultramarina de vertebrats lermestres.

Abstract

Thae vartabrate faunas from the Plincans and Pleistocane of the Gymnasic and tha
Pityusic Isiands are nowadaye quite well-known. The current knowlednea is mainly based on
the study of fossil material which was obtalned from karstic daposils. [is stratigraphic range
covars the whole Plio/Pleisiccene, a lime ranga of about 5.5 My, The bovid Myatragus of the
Gymnesic Islands provides a paradigm for the study of evelutionary processes and shows
that the distinction between two evolultionary madels, punctuated equilibrivm and
gradualitism, often regarded as opposing, is an artifact. The fassil record of the Pityusic
Islands is less complete from the Pliocene and Lower FPleistocene. But the Upper
Pleistacens is well documented in the Pityusics and containg an exceptional faunistic
anomaly if compared with all the other Mediterranean islands. This anomaly is demostrative
for a natural disaster causing the extinction of all the endemic land vertebrates, excepling a
lacertid lizard, and nearly all the land gastropods. After this evenl the Pityusic lslands were
nat recolonised by land vertebrates, other than by the flying ones, i.e.. birds and bats.
Probably a system of marine currents simifar ta the existing currently was already achieved,
and prevent overseas immigration of land non-fiying vertebrates,

Introduccio Introduction
Lin dels punts d’interés de les regions carstiques One of the points of interest of a karstic region is
radica en la transcendéncia que tenen les coves i els that the caves and fissures fuctioning as traps for
sediments and organic material. Fossils found in
1 Institut o Estudis Avangats de les lies Balears (CSIC-UIB). Cira de karstic deposits have played and slill play an
Valldamassa km 7,5, 07071, Palma de Mallorea important role in paleontological sludies (SUTCLIFE,
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reblits carstics en general per a I'estudi dels tossils.
Els féssils trobats als diposits carstics han tengut i en-
cara tenen un paper important en els estudis pa-
leontolbgics (SUTCLIFE, 1876; ANDREWS 1930; AL-
COVER, 1992). Les coves sovint han actual com
lloes on 1) s'han acumulat restes animals i vegetals
susceplibles de fossilitzar (normalment ossos | cara-
gols, perdo tambeé pol-len, | de vegades altres restes
animals | vegelals), 2} sovint es donen unes condi-
cions particulars que afavoreixen la fossilitzacio. i on
moltes vegades es depasiten columnes estratigrati-
ques d'un cert abast temporal | 3) sén uns ambients
limitats temporalment | espacial. Aixd fa que sien
unes unitats d'estudi relativament senzill, una vega-
da conegudes les técniques espeleclagiques. Dintre
les coves, els fossils se solen trobar a parts concre-
tes, els diposits fossilifers. Aquests dipdsits es poden
identificar | estudiar fins i tot quan la cova on es varen
acumular ja hagi descomparegut.

L'acumulacid de restes que es déna a les coves
es deguda a diferents processos tafondmics. Aquests
processos inclouen des dels mecanismes que trans-
porten els ossos i altres restes des de 'exterior fins
gls mecanismes de transporl que actuen a l'interior
de les coves. Entre els primers, es poden esmentar
els agents geoldaics, com ara és el transport per |'ai-
gua, perd especialment poden jugar un paper desta-
cat els agents bioldgics bioacumuladors (ANDREWS,
1990; ALCOVER, 1992). Destagquen, com a lals
agents, les olibes | mussols (Strigifarmes) i difarents
espacies depredadores d'altres vertebrats (incloent-
hi 'home). Hi ha, perd, altres factors: la conducta de
determinats animals (gue els fa més susceptibles de
fossilitzar a les coves), els accidents, el transport
passiu amb sediments provinents de I'exterior, | al-
tres. Els processos tatonomics que han conduit a la
formacid de dipbsite fossiliters a l'interior de les co-
ves sovint han estat diversos, adhuc per a una ma-
leixa unitat estratigrafica. Diversos elemeants faunis-
tics poden haver arribat degut a I'actuacio de
diferents processos tafonomics. Alxi, és freqient que
molts microvertebrats s'introdugsquin a les coves so-
ta la forma d'egagropiles, mentre que les acumula-
cions de caragols solen esser degudes al seu trans-
port passiu amb sediments provinents de I'exterior
(veure, per exemple, CHAMBERS & STEADMAN,
1986).

D'una altra banda, a les coves quasi no actuen
els agents metedrics ni els agents bioldgics biodes-
tructors que actuen a l'exterior. Es bastant freqlent
trobar restes d'animals que g'han conservat en la ma-
teixa posicid en que es trobaven quan varen morir,
amb els ossos depositats en cannexid anatbmica,

Els processos de reompliment de cavitats amb
sediments fossilifers donen lloc a seqléncies estra-
tigrafiques que de vegades abasten llargs espectres
temporals, bé que el més freqient és que sien d'una
duracié meés limitada {com a maxim uns pocs cente-
nars de milers d'anys). A Mallorca, per exemple, la
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1876; ANDREWS, 18580; ALCOVER, 1982). Cavas
often acted as places where 1) animal and plant
remains suitable for fossilization have accumulated
{usually bones and snail-shells, but alse pollen and,
occasionally, other plant and animal remains); 2)
there exist special conditions favouring fossilization
processes; and 3) stratigraphic columns covering a
considerable time span are often deposited. Caves
are temporal and espatially limited. Inside caves,
fossils are usually found in specific places. Thus, their
excavation is relatively easy once spelaclogical
technigues are known, Fossiliferous cave depaosits
can be identified and studied even after the cave
where they accumulated has dissapearad.

The accumulation of remains inside caves is due
to differeni laphonomic processes. These include
hoth the mechanisms through which bones and other
ramains are transported from the outside and those
which are at work inside the caves. Among the first we
can distinguish geological agents like lransport by
water, but especially bivaccumulative biological
agents might play a remarkable role (ANDREWS,
1980: ALCOVER, 1992), espacially owls (Strigi-
farmes) and other vertebrate-eating species,
including man. However, there are other factors
involved; e.g., behaviors enhancing fossilization
inside caves, accidents, and transport of external
sediments. The taphonomical processes leading lo
the farmation of fossiliferous deposils inside caves
are diverse, even lor a single stratigraphical unit.
Various faunisiic elemenis may have arrived through
different taphonomical processes. For example many
microvertebraies often enter the caves within ow/
pellets, whereas accumulations of snail shells often
result from their passive transport within sediments
from the outside (e.g., see CHAMBERS &
STEADMAN, 1986).

Inside the caves, the weathering and biclagical
destructive agenits working outside are almost
unaxistent. It is not unusuval to find animal remains
which have been preserved in the same position as
when the animal died, with its bones still showing their
anatomical connection.

The stratigraphic range of fossiliferous caves
occasionally covers long temporal ranges. For
instance, in Mallorca Cova de Canet shows a
stratigraphic record ovar 1.8 million years, but not
continuous. However mostly the time span is more
limfted (a few hundred thousands years, maximum).
In Eivissa, Es Pouas presents an uninterrupled
stratigraphic column over 30,000 years. In Sardinia,
Su Corbeddu contains a continuous stratigraphic
column over 50,000 vears.

It must be stressed that caves on islands are of
greal paleontological importance (SONDAAR, 1931).
They are usually the only places where fossil
vartebrates can be found, as large lake and fluvial
deposits are usually lacking on islands. A notable
portion of the paleantology of vertebrates from the
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Cova de Canet té un registre estratigrafic de mes de
1,8 milions d'anys, bé que no &s continu. Es Pouas
{Eivissa) presenta una columna estratigrafica conti-
nua de més de 30.000 anys, La columna estratigrafi-
ca continua de Su Corbeddu (Sardenya) és de més
de 50.000 anys.

Cal dir que a les illes les coves lenen una trans-
cendéncia paleontologica encara més grossa (SON-
DAAR, 1981). Son sovint els unics indrets on s'han
trobat vertebrats féssils, en no existir habitualment a
les illes nl conques llacunars ni fluvials grans. Una
part considerable de la paleontologia de vertebrals de
les illes d'arreu del mon es coneix exclusivament gra-
cies a l'estudi de les coves. Si tenim en compte que
les illes son unes arees d'interés fonamental per a
I'estudi de |'evolucid, linterés de les coves s'escam-
pa cap a aquesta disciplina, 8i tenim en compte gue
les illes oceanigues | para-oceanigques del Man poden
esser considerades, en &l seu conjunl, com a un punt
calent de 1a biodiversitat de varlebrals existent a la te-
rra (ALCOVER & ALTABA, 1985), la transcendéncia
de 'estudi dels ossos fossils trobats a les coves illen-
ques s'estén a disciplines tals com la Taxonomia, la
Sistematica i la Biologla de la Conservacio.

Tot aixd fa que si la paleontologia és una disci-
plina rellevant en el camp de la carstologia, aquesta
ancara ho és més per a determinats camps de la pa-
lsontologia.

En total acord amb aguestes consideracions, I'es-
tudi dels materials provinents de les coves i dels reblits
céarstics s'ha revelat com a una eina de primer ordre
per al coneixement de les faunes malacologiques i, so-
bretot, de vertebrats féssils del Mioca, Plioce | Quater-
nari de les Gimnésies | de les Pitillses, L'abundancia
de coves existent (DAMIANS et al., in&dit), | la gran fre-
quéncia amb que contenen dipbsits fossilifers de ver-
tabrats | malacologics, fa que el registre paleontologic
lliurat a les coves d'aquestes illes sigui particularment
ric, molt més que el conegut d'altres indrets del Mon.
Aixt es deu a l'extraordinari reball exploratori realitzat
pels espeladlegs de les llles Balears. D'altra banda,
I'abundancia de coves i reblits carstics fossilifers és tal
que tot | que els diposits habitualment abasten perio-
des de temps curts, el conjunt d'ells abasta, d'una for-
ma molt més completa que a cap altra illa del Mon, un
espectre temporal de més de 5.5 milions d'anys. Per
un altre costat, a les Gimnésies | les Pitidses hi ha un
bon coneixement palecgeografic | palecclimatic, der-
val de I'estudi de les terrasses quaternaries (CUERDA,
1975). Les dades provinents d'aquests | d'altres camps
&s poden integrar facilment amb les dades provinents
de I'estudi de la paleontologia de les coves. Tot aixd
convertaix les Pilinses i moll especialment les Gimné-
sigs, en uns indrels excel-lents per a l'estudi de 'evo-
lucid animal,

158

World's isfands is exclussively known thanks to the
study of caves. Assuming that islands are areas of
essential interest regarding the siudy of evalution, the
Interast of caves spread also to this discipline. Taking
Into account that the whole set of oceanic and
oceanic-like islands can be considered as a hot point
for the biodiversity of vertebrates on the Earth
fALCOVER & ALTABA, 1995), the importance of
fossil bones found in Insular caves spread to
disciplines such as Taxonomy, Systematics and
Conservation Biology. All this means that if
Paleantology is a discipling relevant within the field of
Karstology, the latter is even more so for cerlains
fields of Palecntology

The study of cave materials becomes an
outstanding tool for the knowledge of malacological
faunas and, moreover, of fossil vertebrates of the
Miocene, Pliocene and Quaternary from the
Gymnesic and Pityusic Isfands. The abundance of
caves (DAMIANS et al., unpublished), tagether with
the high frequency they contain fossiliferous deposits
of vertebrates and molluscs, makes the fossil record
of those islands lo be especially rich, much mare than
that of other islands at the World. On another hand,
the fossilifarous karstic deposits are so abundant
thare that, although usually they cover just short
periods of tima, all of them together are covering a
temporal range of more than 5.5 million years, a much
more complete span than in any other island of the
World, This Is due to the extraordinary activities of the
speleologists of the Balearic Islands. Also, there is a
good knowledge on paleogeocgraphy and
paleoclimatology of the Gymnesic and Pityusic
islands due to the studies on Quaternary terraces
(CUERDA, 1975). Data coming from that and other
fields are sasily integrated with those of paleontology
of caves. All this makes the Pilyusic, and more
especially the Gymnasic Islands, excellent places for
the study of animal evolufion.

Fossil vertebrates from the
Gymnesic and Pityusic Islands

The main goal of this paper is to present the
FPliocene and Quaternary vertebrate faunas from the
Gymnesics and Pilyusic Islands. These launas are
almost exclusively known through the study of fossils
coming from karslic deposiis.

A checklist of the Pliccene and Quaternary
variebrata fauna from these islands, known currently,
is prasentad on Table |. On the whole, no less than
134 taxa of vertebrates have been found, distributed
as folfowing: 84 vartebraltas in Mallorca (17 mammals,
64 birds, 1 reptile and 2 amphibians), 12 in Manorca
(7 mammals, 2 birds, 1 reptile and 2 amphibians), and
73in Eivissa (7 mammals, 64 birds. 2 reptiles). There
is enly one species coming from a non-karstic



Els vertebrats fossils de les

s &

Gimnesies i de les Pitiuses

L'objectiu principal d'aguest treball consistira en
la presentacic de les faunes vertebrades del Pliocé |
del Quaternari de les Gimnésies | de les Pitilises.
Agquestes faunes es coneixen quasi exclusivament
gracies a |'estudi dels fossils provinents dels diposits
carstics.

A la Taula | es presenta el llistat de la fauna ver-
tebrada coneguda fins el present al Pliocé | Quater-
nari de les Gimnésies i les Pitiises. En total s’han tro-
bat no menys de 134 laxa de vertebrats, els quals es
reparteixen de la seglent forma: 84 taxa de verte-
brats a Mallorca (17 mamifers, 64 aucells, 1 réptil | 2
amfibis), 12 a Menorca (7 mamifers, 2 aucells, 1 rép-
til i 2 amfibis), i 73 a Eivissa (¥ mamifers, 64 aucells,
2 réptils). L'dnica adicid a aquesies faunes que pro-
vé de jaciments no carstics és |la de Puffinus maure-
tanicus del Pleistocé superior/Holocé a lNlla de Ma-
llarca (MceMinn, inédit).

Les faunes de vertebrats terrestres del Pliocg i
Quaternari de les Gimnésies | de les Pitilises prove-
nen, almenys en la seva major part, de |a colonitzacio
de les illes esdevinguda durant el Messinia {fa 5,5 Mi-
lions d'anys -Ma-). En aquest periode les illes Gimné-
sies | les Pitidses, talment com Cérsega i Sardenya,
es mantengueren unides als continents circumdants
degut a la dessecacio de la Mediterrania. Aixo no
obstant, la colonitzacié de les illes es va realitar tra-
vessant un filtre ecoldgic summament dur, els deserts
salins que les degueren envoltar (ALCOVER, 1987).
D'enca de I'obertura de I'Estret de Gibraltar, en el de-
curs de la transgressio pliocena, fins a 'actualitat to-
tes aguestes illes han romangut aillades dels conti-
nents circumdants. Les espécies que s'hi trobaven al
Messinia iniciaren uns processos nesoevolulius -és a
dir, processos evolutius sota condicions d'insularitat-
que varen comportar I'origen de diferents linies ende-
migques.

Transcendéncia evolutiva
d’aquestes faunes

Les faunes endémiques de mamifers insulars
contenen, arreu del mon, nombrosos exemples d'alld
gue s'ha anomenat «extraordinaris habitants de les
illes» (SONDAAR & BRABER, 1888). Sota aquest
nom es coneixen formes insulars gue, originades per
processos nesoevolutius, no tenen homalegs clars
als continents. L'estudi d'alguns d'aquests endemis-
mes insulars ha resultat esser de gran interés per
avaluar models evolutius (SPAAN ef al., 1994),

A les illes de Mallorca | Menorca varen evolucio-
nar diferents linies evolutives de Myotragus al llarg de
5,5 Ma. Aquest abast temporal fa de Myotragus el

deposit: Puffinus mauretanicus, from the Upper
Pleistocene/Holocene, from Mallorca (McMinn,
unpublished),

Most of Pliocene and Quaternary vertebrate
faunas from the Gymnesic and Pityusic Islands
colonized them at the Messinian (5.5 million years
-Ma- ago). At this pericd, the Gymnesic and Pityusic
Islands, as well as Corsica and Sardinia, were linked
to the surrounding continenis due to the drying up of
the Mediterranean. However, the colonization of
these islands was hampered by an ecological filter
that acted isolating the islands: the salty deserts
surrounding them {ALCOVER, 1987). When the Strait
of Gibraltar opened, during the Pliocene trangression
all these islands have remained isolated until now
from the continenis. The species present on them
during the Messinian period underwent several
nesocevolutionary processes (i.e., evolutionary
processes under insular conditions) from which
differant endemic lineages originated.

Evolutionary importance
of those faunas

Endemic insular mammalian faunas displays
many examples of the so-called «extraordinary
inhabitants of the islands» (SONDAAR & BRABER,
18988). They are the results of the evolutionary
processes under insular conditions, that show no
clear ecological homologues in the continents. The
study of such insular endemics is of the greatest
interest in evaluating evolutionary models (SPAAN
etal., 7994).

All throughout 5.5 Ma, different evalutionary
lineages of Myotragus eveolved on the islands of
Mallorca and Menorca. The bovid Myotragus is the
middle-sized mammal displaying the longest
nescevolution on the whole Mediterranean area. The
richness, overlap in ime and accuracy of the karstic
fossiliferous record from the Gymnesics are such that
no where else in the world has it been possible to
follow so accurately the evolution of an insular taxa,
during such a fong temporal range, as it has been with
Myotragus. Evolution of Myotragus involved several
of adaptive morphological changes on different
functional structures. Those changes were achieved
through evolution in mosaic: the different types of
structures evolved at different rates.

Due to the peculiar characteristics of the
fossiliferous record of karstic deposits from the
Gymnesics, the study of Myotragus evolution
constitutes a tool to evaluate different evolutionary
models. The evolutionary lineage from M. antiquus
to M. balearicus is the clearest and it will be the only
one treated in this paper.

The changes occurred in this evolutionary
lineage have essentially affected three types of
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Taula |

Vertebrats fossils trobats als jacimenis carsiics de les Table I Fossil vertebrates from the Gymnesic (Mallarca and

Gimnesies (Malloroa | Menaorca) | les Pitilses (Eivisea Menorca) and Pityusic (Eivissa and Formenters) karstic
Farmantara). deposits.
Mallorca Menorca Pitilises

Holocé/Holocene

Amphibia

EBaleaphryne muletensis
Reptilia

Podarcis lilfordi
Mammalia

Nesiotites hidalgo

Hypnomys morpheus
Myotragus balearicus

Baleaphryne talaiolicus -

Podarcis lifordi Podarcis pityusensis

Nesiotites hidalgo =
Hypnomys mahonensis --
Myolragus balearicus -

Pleistocé (indeterminat)/Pleistocene (und.)

Aves

Phalacrocorax aristotelis

Pyrrhocorax graculus
Corvius corax

Pleistocé superior/fupper Pleistocene
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Amphibia

Baleaphryne muletensis
Reptilia

Paodarcis hlfordi

Aves

Accipiter nisus

Alca forda

Anas crecca

Apus melba

Aquila chrysaetos
Calonectris diomedea
Columba livia

Corvus corone

Corvus monedula
Emberiza ¢f cia hortulana
Erithacus rubecula
Falco ef naumanii
Falco eleonorae

Falco tinnuncuius
Fringifa coelebs
Fringilfa sp. aff. coelels montifringilla
Grus primigenia

Hirundo rupests

Lanius excubitor

Lanius minor

Loxia curvirostra
Melanocorypha calandra
Montifingilla nivalis
Phalacrocorax aristofelis

Padarcis ilfordi Podarcis pityusensis

Pyrrhacorax pyrrhocorax - Alauda arvensis

Passeriformes indet. Anasg crecca
Anser 5p.
Apus apus /A, paliidus
Asfo flammeus
Branta sp.
Bubo bubo
Burhinus cedicnemus
Calandrella sp.
Calonectris diomedea
Caprimulgus sp.
Carduelis cannabina
Carduelis chloris
Circus cyaneus
Coccofhrausies coccothraustes
Columba livia / C. oenas
Columba palumbus
Coracias garrulus
Corvus of corone
Corvus corax
Corvus monedula
Coturnix colurnix
Crex crex
Cuciulus canorus



Taula |/ Table ! (cont)

Mallorca Menorca

Pitiuses

Fica ¢f. pica

Charadrius ¢f. morineffus

Prunella collaris Charadrius sp.
Prunella modularis Erithacus rubecula
Pyrrhocorax graculus Falco eleonorae
Pyrrhocorax pyrhocorax Faleo naumanni
Pyrrhocorax sp. Falco finnunculus
Pyrrhula pyrhula Ficedula sp.
Scolopax rusticala Fringilia sp.
Turdus cf. lacus philomelos Galerida thecklae / G. cristata
Turdus cf. viscivorus Gallinago gallinago
Turdus meruia Grus grus/G. primigenia
Turdus sp. Halhaeeius albicilla
Turdus viscivorus Hirundo
Tyto alba Hydrobates pelagicus
Upupa epops Lanius excubitor
Lanius minor
Lanius senafor
Miliaria calandra
Mantifiingilla nivalis
Numenius arquata
Ofis tarda
Otus scops
Pandion haliaetus
Passer domesticus
Petfronia petronia
Phalacrocorax aristotelis
Phoenicurus sp.
Pluvialis
Puffinus mauretanicus
FPyrrhocorax graculus
Pyrrhocorax pyrrhocorax
Rallus sp.
Scolopax rusticola
Turdus
Upupa epops
Vanellus vanelius
Mammalia
Rhinclophus hipposideros Hypnomys mahonensis  Rhinolophus hipposideros
Rhinclophus cf. blasii Nesiofites hidalgo Rhinolophus ferrumequinum
Hypnomys morpheus Myotragus balearicus Plecotus ausiriacus
Nesiotites hidalgo Myotis myatis
Myotragus balearicus
Pleistocé mitja/middle Pleistocene
Amphibia
Baleaphryne muleltensis -
Reptilia
Paodarcis llfordi Podareis pityusensis
Chejrogaster sp.
Aves
Apus melba Puffinus sp.
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Taula |/ Table | (cont.)
Mallorca

Menorca Pitilises

Carduealis cannabinag

Coccolhraustes coccothraustes

Columba sp.
Muscicapa cf, striata

cf. Nucifraga caryocatactes

Olus scops
cf. Pica pica
Scolopax rusticola

cf. Sirix aluco/Tylo balearica

Sylvia sp.
Turdus cf. iacus
Turdus cf. viscivorus

Mammalia

Rhinolophus hipposideros

Myotis of. nattereri
Myotragus baleancus
Hypnomys morpheus
MNesiotites hidalgo

Pleistoce inferior/lower Pleistocene

Amphibia
Baleaphryne muletensis

Reptilia

Aves

Turdus cf. viscivorus
Mammalia

Myofis capaceini

MNesiofites sp.

Hypromys sp.
Myofragus batei

Discoglossus sp.

Paodarcis aff fitfordi

Tyio balearica

Nesioties meloussae
Hypnomys eliomyoides
Myoiragus binigausensis

Limit Plio-Pleistocé/Plio-Pleistocene boundary

Amphibia

Baleaphryne sp.
Discoglossus sp.

Reptilia

Padarcis aff. litford

Aves

Aegithalos cf. caudatus
Aegypius of. monachus
EBucephala cf. clangula
Carduelis ¢f. carduelis

Podarcis aff. pityusensis
Cheirogaster sp,

Athene sp.

Buteo sp.

Columba sp.
Palacopcryptonyx sp.



Taula |/ Table | (cant.)

Mallorca Menorca Pitilises
Coccothraustes coceothvaustes Paszernformes indst,
Columba sp. Puffinus nestori
Corvus pliccaenus

Coturnix cf, coturmix
Cygnus cf. cygnus
Dendrocopus cf. major
Erithacus cf rubecula
Fringilla cf. coelebs

cf. Lullula arborea
Melanocorypha cf calandra
Muscicapa cf. striata

cf. Nucifraga caryocatactes
Otus scops

Parus cf. ater

Parus cf. major

Parus of cristalus

cf. Pica pica

cf. Porzana porzana
Prunella cf modwaris
Pyrrhocorax of. pyrrhocorax
Regulus cf. ignicapiius
Scolopax rusticola

Sylvia of. atricapilla
Trogladytes ¢f. troglodytes
Turdus of Macus/phifomelos
Turdus ifiacus

Turdus of. merula

Tyto balearica

Mammalia

cf. Barbastella Chiroptera indet.
Nesiotifes aff, ponsi Eliormys sp.
Hypriomys infermedius Eivissia canarreiensis
Myotragus kopperi cf. Rupicaprini

Pliocé superiorfupper Pliocene

Mammalia

Myotragus antiguus

Hypnomys waldrani
Nesiolites ponsi

Pliocé mitja/middle Pliocene
Mammalia

Myatragus pepgonelias

Phoce inferior/lower Pliocene

Mammalia

Myotragus sp. A
Myotragus sp. B
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mamifer de talla mitjana amb una nesoevolucié de
major durada de tota la Mediterrania. La riquesa, el
solapament temporal dels diposits i la precisio del re-
gistre fossilifer obtingut als diposits carstics de les
Gimnésies, és tal que enlloc més arreu del mon s’ha
pogut seguir tan acuradament I'evolucio d'un taxon
insular durant un espectre temporal tan llarg com en
el cas de Myotragus. L'evolucié de Myotragus va
comportar nombrosos canvis morfoldgics adaptatius
a diferents tipus d’estructures. Aquests canvis es van
assolir mitjangant una evolucio en mosaic: els dife-
rents tipus d'estructures varen evolucionar a diferents
velocitats.

Per mor de les peculiars caracteristiques del re-
gistre fossilifer dels diposits carstics de les Gimne-
sies, I'estudi de I'evolucié de Myotragus constitueix
una pega fonamental per a I'avaluacié dels diferents
models evolutius. La linia evolutiva més clara és la
que va de M. antiquus a M. balearicus, i aquesta sera
I'inica que es presentara aqui.

Els canvis esdevenguts al llarg del temps en
aquesta linia evolutiva han afectat essencialment tres
tipus d'estructures: el sistema locomotor, el complex
mastegador i el disseny del crani i la mandibula.

A I'esquelet locomotor de Myotragus s’ha donat
un bon nombre de canvis adaptatius. Aquestes adap-
tacions revelen que Myotragus, lluny d’'esser cap ta-
xon anomal, n’era un molt ben adaptat a viure als am-
bients insulars, amb una locomocio de «marxes
curtes» (SONDAAR, 1977). L'adquisicit¢ d'aquest ti-
pus de locomocié va esser possible gracies a la man-
ca de mamifers depredadors. Els trets més notables
de I'esquelet postcranial de Myotragus relacionats
amb aquest tipus de locomocid sén els seglients:

1. Acurgament dels metapodials (especialment
del metacarpia).

2. Increment de la massivitat dels ossos llargs
(especialment a I'autopodi).

3. Estructura peculiar de la pelvis (amb un ilion
acurgat i un isquio-pubis allargat).

4. Acurgcament de les superficies articulars dels
metapodials.

5. Acurgament del corpus calcanii estretament
del sustentaculum tali al calcani.

6. Fusions dels ossos tarsals (gran cuneiform
amb navicocuboid, i aquest complex amb el metatarsia)

7. Adquisicio d'un index intermembral elevat (re-
lacié membre anterior/posterior).

8. Preséncia de mosses fondes a les superficies
articulars de les falanges per a la inserci¢ dels ten-
dons interarticulars.

Les respectives interpretacions funcionals d’a-
quests canvis adaptatius son les seglients:

1. Adquisicié d'una major estabilitat a la locomo-
cid, en situar-se més aprop de terra el centre de gra-
vetat (ALCOVER, 1976).

2. Adquisicio d'una major resistencia al trenca-
ment (ALCOVER et al., 1981).
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structures: the locomotion, the feeding structure and
the morfology of both the cranium and the jaw.

The locomotor structure of Myotragus underwent
several adaptive changes. Such adaptations reveal
that Myotragus, far from being an anomalous species
was a very well adapted species to the insular
environments, exhibing a low-gear locomotion
(SONDAAR, 1977). The acquisition of this locomotion
was possible by the absence of mammal predators.
The most noticeable features of the Myotragus
postcranial skeleton, in relation to this locomotion, are
the following:

1. Shortening of the metapodials

2. Increase of massivity of the long bones
(especially the autopodian).

3. Peculiar structure of the pelvis (with a
shortened ilion and an extended ischio-pubis).

4. Restricted for-aft movements in the distal
articular surfaces of the metapodials.

5. Shortening of the corpus calcani and narrowing
of the sustentaculum tali on the calcaneum.

6. Fussions of the tarsal bones (great cuneiform
with the navicocuboid, and this latter complex joins
with the metatarsal bone).

7. Acquisition of a high intermembral index
(anterior/posterior limb relation).

8. Presence of deep notches for the insertion of
interarticular tendons on the articular surfaces of the
digits.

These adaptive changes are respectively
interpretated as it follows:

1. Acquisition of a higher stability of locomotion
lowering the center of gravity (ALCOVER, 1976).

2. Acquisition of a higher resistance to breakage
(ALCOVER et al., 1981).

3. Acquisition of more powerful movements
(ALCOVER et al., 1981). :

4. Loss of the jumping ability (LEINDERS, 1979).

5. Acquisition of a higher tarsal stability (MO YA-
SOLA, 1979).

6. Acquisition of a higher tarsal stability and loss
of the ability to make zig-zag movements (LEINDERS
& SONDAAR, 1974).

7. Unknown (SPOOR, 1988).

8. Absolute immobilisation of the vertical digits
(could be the first step towards a fusion of all the
phalanges; KOHLER 1993).

It should be noted here that not all these
morphological acquisitions were simoultaneously
achieved, i.e., at the same rate (ALCOVER et al.,
1981). The robustness of limbs was gradually
obtained along all the evolutionary lineage of M.
balearicus. On the contrary, the shortening of
metapodials is a very early acquisition, so that
shortened metapodials are already found in M.
antiquus. It should also be mentioned that recent
studies on Myotragus footprints (FORNOS & PONS-
MOYA, 1982; QUINTANA, 1993) also point to the low



3. Adquisicio d'una gran poténcia als moviments
(ALCOVER et al., 1981).

4, Pérdua de la capacitat de botar (LEINDERS,
1979).

5. Adquisicio d'una major estabilitat al tars
(MOYA-SOLA, 1979).

6. Adquisicio d'una major estabilitat al tars i per-
dua de la capacitat de fer moviments de ziga-zaga
(LEINDERS & SONDAAR, 1974).

7. Desconeguda (SPOOR, 1988).

8. Immovilitzacio dels dits (podria esser una pri-
mera passa cap a la fusio de totes les falanges, veu-
re KOHLER, 1993).

Es interessant assenyalar aqui que no totes
aquestes adquisicions morfologiques es varen obte-
nir simultaniament, a la mateixa velocitat (ALCOVER
etal., 1981). La robustesa dels membres s'ha anat
adquirint bastant a poc a poc, al llarg de tota I'evolu-
cio de la linia evolutiva de M. balearicus. Per contra,
'acurgament dels metapodials és una adquisicio molt
primerenca, i ja trobam metapodials acurcats a M. an-
tiguus. També mereix esser destacat que recents es-
tudis sobre les icnites de Myotragus (FORNOS &
PONS-MOYA, 1982; QUINTANA, 1993) apunten
igualment al tipus de locomocio de marxes curtes
diagnosticat en base als estudis d'anatomia funcional.

Pel que fa als canvis en el complex mastegador,
els més destacables han estat els seglients:

1. Increment del grau d’hipsodontia als queixals
i ales incissives. Com a culminacio d'aquesta
tendéncia a les incissives, va esdevenir I'obertura de
l'arrel al |, la qual va suposar I'adquisicio d'unes in-
cissives de creixement continu. Poc després
d'aquesta adquisicio es produeix una desaparicio
sobtada del |, i un poc més gradual del 5.

2. Reducci6 del nombre de dents. Es el cas dels
queixals i de les incissives. M. balearicus, |'espécie
terminal del filum, té tan sols una unica incissiva de
creixement continu (veure Figura 2), 2 premolars su-
periors, 1 premolar inferior i tres molars superiors i in-
feriors.

Els canvis esdevinguts a la denticio estan man-
cats d’'una interpretacié funcional clara. S’ha suposat
que la hipsodontia esta relacionada amb la mastica-
cio d'un menjar més abrasiu (veure, p.e. SONDAAR,
1977). La reduccio del nombre de dents permet la
concentracio de I'esfor¢g masticatori a una zona mes
reduida de la mandibula (ALCOVER, 1976). Totiamb
aixo es requereixen nous estudis per esbrinar acura-
dament el significat adaptatiu d’aquests canvis.

El que és interessant recalcar aqui és que a la
denticio s'observa una casta d'evolucio on es combi-
nen els dos models evolutius, suposadament ex-
cloents, actualment en debat. SPAAN ef al. (1994)
han demostrat, en base a I'estudi de I'evolucio dels
cavalls i dels hipopotams insulars, com diferents tipus
d'estructures evolucionen sequint diferents patrons
evolutius. Aguest treball mostra que la polemica exis-
tent entre gradualisme i puntuacionisme és, de fet, ar-

gear locomotion deduced from the functional anatomy
study.

Regarding changes on the feeding structure, the
following features are the most remarkable:

1. Increasing hypsodonty in molars and incisors.
The culmination of the process on incisors was the
opening of the I, root leading to the acquisition of
evergrowing incisors. Shortly after this acquisition,
the I, disappeared, apparently suddenly, and the I,
did so gradually.

2. Reduction of the teeth number, molars and
incisors. M. balearicus, the last species of the genus,
had only one unique evergrown incissor (see Figure
2), 2 upper premolars, 1 lower premolar and 3 upper
and lower molars.

PLEISTOCE SUPERIOR/
UPPER PLEISTOCENE

MEDI

\

M. balearicus

MIDDLE PLEIST{NENE

PLEISTOCE

M. batei

PLEISTOCE INFERIOR/

LOWER PLEISTOUENE

M. kopperi

PLIOCE SUPERIOR/

UPPER PLIOCENE

%. LIRS

Figura 2:  Canvis evolutius a la série incissiva de Myotragus.

Figure 2:  Evolutionary changes in the incisors of Myotragus.

There is a lack of clear functional interpretation of
the changes occurred on teeth. It has been assumed
that hypsodonty is related to the chewing of a more
abrassive food (see SONDAAR, 1977). The reduction
in number of teeth allows concentrated chewing effort
in a smaller portion of the jaw (ALCOVER, 1976).
Despite all that, more studies are required to clarify
the adaptive meaning of the changes.

It is interesting to note that the evolutionary
changes seen in the dentition of Myotragus support
the observation of SPAAN et al. (1994). By studying
the evolution of insular hippopotami and horses
SPAAN etal. (1994) have demonstrated that different
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tificial, | que dintre una mateixa linia evolutiva dife-
rents tipus d'estructures evolucionen seguint
diferents patrons. L'anélisi de l'evolucid de la linia filg-
lica de M. balearicus permet anar encara mes enfora.
Par un costal, les taxes de canvi evoluliu sén dife-
rents par als diferents canvis morfologics analilzals.
Fing i tot I'analisi d'un mateix sistema (locomotor o ali-
mentici) revala que els diferants caracters han evolu-
cional a diferent velocital. Per una allra banda, coma
minim al llarg de I'evalucid d'un caracter (la série in-
cissiva de Myolragus) s'observa una evolucio gradual
entre M. antiquus i M. batei, menire que el pas enire
M. batei| M. balearicus sembla representar un cas
d'evolucid per puntuacionisme. Probablement I'ober-
tura de "arrel del |, va representar una adquisicid-
clau per a I'evolucid de 'alimentacié de Myolragus.
Aquesta «revolucio» degué esser el factor clau pera
explicar la sobtada desaparicio del |..

En gualsevol cas, 'evolucid sembla, doncs, es-
sar més complexa que el que simplificacions com el
puntuacionisme han volgut indicar. Aguesta és una
solida conclusid provinent també de I'estudi dels fos-
sils da Myofragus trobats a les cavermes mallorquines.

Transcendéncia biogeografica
d’aquestes faunes

El registre fossilifer carslic de veriebrals i de ca-
ragols documenta d'una manera clara | robusta que
aquestes illes, talment com el massis cirno-sard
{Cérsega i Sardenya), no han estat unides als canti-
nents circumdants durant tot el Plioce | Quaternari.
En efecte, ni a les Gimnésies ni a les Pitilises durant
tot aguest periode es produeix cap entrada d'ele-
ments faunistics nous (la qual s'hauria produit d'ha-
ver hagul connexions amb els continents circum-
dants). A les Gimnesies nomes pocs elemeants
al-loctons semblen haver-las colonitzal durant el
Pleistoca. Aquaest sembla haver estat &l cas de Mas-
tus pupa (CUERDA, 1874). Durant el Biharia (fa de-
vers B800.000 anys) Corsega | Sardenya varen esser
colonitzades per una fauna provinent del continent.
Mo obstant, les caracteristiques d'aquesta fauna re-
velen que hi degué arribar al massis cirno-sard mit-
jangant colonitzacid ultramarina (SONDAAR et af.,
1984; SONDAAR, 1987).

Els patrons evolulius registrats a Myotragus,
suggereixen que durant la part inferior del Plioce (pro-
bablement Pliocé inferior | medi) 'actual illa de Ma-
llerca probablement estava constituida per dues uni-
tals separades, a cadascuna de les quals hi dagué
avolucionar una linia particular de Myotragus. En
efacta, Myotragus sp. A, Myotragus sp. B (PONS-
MOYA, 18590) | M. pepgoneliae constituaixen una li-
nia que aparentment no continua amb una altra, la li-
nia M. antiquus — M, balearicus. El model que
suggeraixen els fassils obtinguts als jaciments cars-
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kinds of structures evolve accarding different
evolutionary patterns, This work shows that the
controversy between gradualism and punctuationism
is an arlifacl. In the same evolutionary lineage,
different lypes of struciures can evolve according
differant patterns. Analysing the evolution of the
phyletic lineage of M. balearicus we can observe, on
one hand, that the evalutionary change are differeni
of rate for every morphological change which was
studied. Also, when analysing the sama structura
(locomeation or feeding), it appears that every
character evolved at a different rate. On the other
hand, it can be observed, at least through the
evalution of ane character (the incisors series of
Myolragus), that while there was a gradual evolution
belween M. anliguus and M. batei, the step from M.
balei to M. balearicus seems lo be an example of
puncluated evolution. | seems likely that the opening
of |, rool represented a key-acquisition to the feeding
adaptations of Myotragus. This «revolutions might
have bean the key-facitor that would lo explain the
sudden dissappearance of I5.

Evolution sesms o be mora complaex than those
stmplifications, as punctuationism, intend it lo be.
This is a salid conclusion coming alse from studies on
Myotragus fossils which were found inside Mallorcan
caves.

Biogeographical importance
of those faunas

The karstic fossiliferous record of vertebratas and

snails indicates that these (sflands, as weall as the
cirno-sard massif (Corsica and Sardinia), were not
linked to the surrounding continents during the entire
FPliocene and Quaternary. In fact, no new arrivals of
non-flying vertebrates occurred during all that period
into the Gymnesics or Pityusics. In the Gymnesics,
just a few allochthonous elements seem to have
colonized the islands during the Pleisiorene period;
this seems to be the case of Mastus pupa (CUERDA,
1874). During the Biharian (800,000 years ago)
Corsica and Sardinia were colonized by a fauna
coming from the continent, but its characteristics
reveal that it reached the cirno-sard massif thraugh
overseas Immigration (SONDAAR et al., 1984;
SONDAAR, 1987).

The evolutionary patterns recorded in Myotragus
suggesi thal during the earlier Pliocene {probably
Lower and Middle Pliocene), Mallorca consisted of
isolated unils, where different lineages of Myotragus
avolved. One, Myotragus sp. A, Myolragus sp. B
(FONS-MOYA, 1980) and Myotragus pepgonellas;
the other, apparenily not derivad from the first ona,
the lineage from M. antiquus — M. balearicus. The
model derived from those fossils found in karstic
deposits from the Balearics, point to the lineage



tics de les Balears apunien a gue la linia que dona
lloe a M. balearicus inicialment hauria evolucionat lo-
calment a una de les dues illes, | que probablemeant
quan les dues illes s'uniren &ls representants
d'aguesta linia degueren desplacar els de l'illa petita.

LIna cosa similar sembla haver esdevingut du-
rant les darrares glaciacions. Les dades de que dis-
posam suggereixen que la forma provinent de 'illa
gran (Mallorca, M. balearicus) hauria desplagal
I'espécie que localment hauria evolucionat a l'illa pe-
tita (Menorca, linia de M. binigausensis; vaurs
MOYA-SOLA & PONS-MOYA, 1990).

El registre fossilifer obtingut revela, aixi mateix,
altres dades biogeografigues interessants. Sabem
ara que les Gimneésies i-les Pitilses varen esser co-
lonitzades durant el Messinia per una mateixa fauna,
que és la que tamheé va colonitzar a la mateixa &poca
el massis cirno-sard. Entre aquests tres grups d'illes
s'observen nombroses diferencies faunistinues gue
cal considerar com a regionals (diferent nombre
d'espécies, diferent representacio del mateix grup de
taxons, espécles vicariants, etc). Aixi com durant el
Biharia s'ha detectat una renovacio faunistica al mas-
sis cirmno-sard, a les Pitidses s'ha postulat una catas-
trofe, encara no identificada, gue va implicar la desa-
paricio d'una part considerable de la fauna gue havia
a aguest arxipalag durant el Pliocs i Pleistoce inferior
(FLORIT &t al., 1889; ALCOVER &t al., 1994).

L'estudi dels fossils provinents dels jacimanlts
carstics de les Gimnésies | les Pitinses s un alameant
d'interés per a la discussio de I'anomenada «teoria de
I'equilibri insular» de MacARTHUR & WILSON
{1967). Aguesla és una teoria imporiant en Biogeo-
grafia acologica, gue ha estat objecte de critiques for-
tes per part de diversos autars (veure, per exemple,
STEADMAN, 1988).

Una de les suposicions d'aquesta leoria consis-
teix en |'existéncia d'una renovacio faunistica al llarg
del temps. El registre fossilifer de mamiters, raptils,
amfibis | gasterdpodes del Pliocé | Pleistoca d'a-
guestes illes no recolza 'existéncia de cap renovacio
faunistica al llarg de periodes molt llargs de temps.
Algunes espécies s'han extingit (almenys 2 rosega-
dors, una lortuga de talla gran, | 17 espécies de ca-
ragols del Pleisloce inferior d'Eivissa, i 1 amfibi del li-
mit Plio-Quaternari a Mallorea | Menorca), sense que
altres espacies pertanyenls a les maleixes Classes
les hagin substitul. Un gasteropode (Mastus pupa) va
colonitzar Mallorca, Menorca i Cabrera durant les da-
rreries del Pleistoca mitja o els comengaments del
Pleistocé superior, sense que la seva immigracid im-
plicas cap pérdua faunistica entre els caragols pre-
viament existents.,

L'Gnica renovacio faunistica registrada es |a co-
rresponent al canvi entre la fauna d'ocells del Pleis-
toce inferior d'Eivissa i 1a fauna posterior a I'esdeve-
niment catastrofic registrat.

La interpretacio de la histdria biogeografica dels
ocells resulla més complexa. Sabem ara que la fau-

ending with M. balearicus as locally evolved in one of
the two islands, so that probably once these were
linked its representaltives might have displaced the
original ones from the small isfand.

Something similar took place during the las!
glaciations. The available data suggest that the farm
ariginating in the main island (Mallorca, M. balearicus)
would have replaced the species locally evolved on the
smallar isfand (Menorea, lineage of M. binigausensis:
sae MOYA-SOLA & PONS-MOYA, 1990).

Morever, the fossiliferous record oblained reveals
interesting biogeographical data. Al present, we know
that during the Messinian both the Gymnesics and the
Pityusics weare colonized by the same fauna, which
also is the same thal, simultaneously, colonized the
cirno-sard massif. But also these three groups of
fslands have peculiar differences, which should be
interpreted as regional variations of the fauna that
colonized them. The main differences are: the
different number of species present on each Island
group, the different species within the same or relaled
genera, vicarian! species, etc. Whereas during the
Biharian period a faunistic turnover has been
detecled on the cirno-sard massif, on the Pilyusics an
unidentified calastrophic event has been posiulaled.
Such a catastrophic even! would have caused the
extinction of a great part of the Lower Pleistocene
fauna.

The study of fossils coming from karstic deposiis
of the Gymnasic and Pityusic Islands is relevant for
the discussion of the winsular equilibrium theory» of
MacARTHUR & WILSON (1967). It is considered an
imparfant theory for the ecological biogeagraphy, and
it has been the object of strong criticism by differant
authors (see STEADMAN 1986),

One of the assumptions of this theory is that an
equilibrivm in number of species is reached on the
islands due to a faunistic turnover throughout time.
New immigrants would replace earlier colonizers
which become exlinectl. In consequence, the
composition of the island fauna would change
continuously, The fossil record of mammals, reptiles,
amphibians and gastropods from the Pliocens and
Plaistocene of the Gymnesic and Pityusic lsiands
does nof support the faunistic turnover postulated by
the theory af island bicgeography. Some species
have become extinct (at least 2 rodents, one big-
sized tortoise, and 17 gastropod species from Eivissa
because a catastrophic geologic event, and 1
amphibian from the Plio-Quaternary boundary of
Mallorea and Menorca) without any turnover
happened. One gasiropod (Mastus pupa) did colonize
Mallorca, Menorca and Cabrera by the end of the
Middle Pleistocene or beginming of the Upper
Pleistocenae, without causing any faunistic loss
amaong the praviously living snails.

The anly faunistic turnover recorded concemns o
the faunistic substitution of the avifauna from the
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na vertebrada del Pleistoce superior de les Pitilises
esta composta per tan sols rates pinyades, una sar-
gantana i molts d'ocells. El registre que tenim dels da-
rrers 30.000 anys és forga complet (bé que una part
de la fauna ornitica esta encara pendent de determi-
nacio). Des de fa 30.000 anys fins |'arribada de I'ho-
me l'ornitofauna pitilsa sembla haver estat més o
menys constant. No s'ha obtingut cap evidéncia cla-
ra de renovacio faunistica al llarg d’aquest periode.
En gualsevol cas, es requereixen mes investigacions
sobre aguest punt.

Interés paleoecologic

L'estudi dels materials obtinguts als diposits
carstics de les Gimnésies i les Pitilises és aixi mateix
de gran importancia per al coneixement de la paleo-
ecologia d'aquestes illes. La composicio faunistica
del Pleistocé d'aquestes illes és radicalment diferent
de la de les faunes coetanies continentals. Les fau-
nes insulars son relativament pobres en especies
(respecte els continents), disharmoniques i amb en-
demismes. Laimportancia relativa que tengueren els
diferents tipus faunistics era diferent de la que
aquests mateixos tipus tenen als continents, i en con-
seqliéncia I'ecologia de les illes degué esser també
summament peculiar.

Les faunes de mamifers, réptils i amfibis son
summament pobres en espécies, especialment en les
Pitiises, on aparentment mai visqueren amfibis, i on
no hi havia mamifers terrestres durant el Pleistoce
superior. Mallorca i Menorca contenien només tres
especies de mamifers, un reptil i un amfibi (dos al
Plioce i Pleistoce inferior). Per contra, les faunes or-
nitiques semblen haver tengut una gran importancia
en el passat, i actualment no hi ha dubtes que les
Gimneésies, i sobretot les Pitilises, eren més riques en
ocells que actualment (en densitat d'individus i pro-
bablement també en nombre d’espécies que hi niaven).

Un factor ecologic de suma importancia radica
en I'abséncia de mamifers depredadors. Com a altres
illes del Mon (SONDAAR 1977; ALCOVER & Mc-
MINN, 1994), aquest ha estat un factor clau que ha
condicionat els processos nesoevolutius dels taxons
que s’han lliurat d’aquests depredadors.

La diferent composicio faunistica de les Gimneé-
sies i de les Pitilises té, aixi mateix, implicacions
ecologiques clares. A les Gimnesies I'especie que ha
exercit el paper de superdepredador ha estat I'aguila
reial Aquila chrysaetos. Aquesta especie, inexistent
al'actualitat a les Gimnésies, ha hagut d'esser abun-
dant en el passat (ha estat localitzada a 2 jaciments
de Mallorca: Cova de Llenaire, Cova Nova), mentre
que a les Pititises probablement mancava (no hi ha
estat trobada, tot i que s’hi han exhumat mes de
100.000 ossos d'ocells). En aquest arxipélag el su-
perdepredador era I'aguila marina Haliaaetus albicilla,
talment com esdevé a altres illes oceaniques manca-

168

Lower Pleistocene of Eivissa by the fauna posterior to
the catastrophic event mentioned above.

Interpretation of the biogeographical history of
birds becomes more complex. Nowadays, we know
that the vertebrate fauna from the Upper Pleistocene
of the Pityusics consists only of several species of
bats, one species of lizard and many of birds.
Available records from the latter 30,000 years are
highly complete (although there still remains a part of
the fossil bird fauna to be determined). Since from
30,000 years ago to the arrival of man, the bird
species from Eivissa seem to have remained more or
less constant. No clear evidence of faunistic turnover
has been obtained along this period. Nevertheless,
more research on this point is required.

Paleoecological interest

The study of the materials obtained from karstic
deposits in the Gymnesic and Pityusic Islands is also
of great importance regarding their paleoecology.
Their faunistic composition from the Pleistocene is
extremely different from that of the contemporary
faunas from the continents. Insular faunas show a
rather low number of species (if compared with the
continental ones), are disharmonic (unbalanced) and
present endemic taxa. The importance that the
faunistic types had on the islands, was certainly
different to that showed by the same types in the
continents. As a consequence, the insular ecology
must have been also very peculiar.

Mammals, reptiles and amphibians were
represented by extremely low numbers, especially on
the Pityusics, where, apparently, the amphibians
never inhabited and the terrestial mammals were
absent during the latter Pleistocene. In Mallorca and
Menorca there were only three species of mammals,
one reptile species and one amphibian species (two
during the Pliocene and Lower Pleistocene). On the
contrary, ornithic faunas seem to have been greatly
relevant in the past and, at present, it is out of doubt
that the Gymnesics, and mostly the Pityusics, dwelled
more birds than they do today (in density of individuals
and, probably, also in number of breeding species).

A very outstanding ecological factor is the
absence of predator mammals. Like in other islands
(SONDAAR, 1977, ALCOVER & McMINN, 1994), this
has been a key-factor which conditioned the
nesoevolutionary processes that those taxa free of
predators undergone.

The different faunistic composition of the
Gymnesics and the Pityusics has also certain
ecological implications. On the Gymnesics, the role of
superpredators was played by the Golden Eagle
Aquila chrysaetos. This species, now disappeared on
the Gymnesic Islands, must have been abundant
during the past (it has been found within two
Mallorcan deposits: Cova de Llenaire, Cova Nova),



des de mamifers-presa (ALCOVER & McMINN,
1834).

El registre fossilifer obtingut als jaciments cars-
tice del Pleiztocé de les Gimnasies j les Pitidses re-
vela també que els herhivors pastadars han estat ben
diterents a ambdds arxipélags. Aixd ha suposat unes
pressions segurament molt diferents sobre la vege-
tacid. Alxi, a Mallorca | Menorca Myofragus ha estat
un pastador molt potent, i per mor de la seva denticid
potant, altament especialitzada, amb poques dubles
ha d'esser considarat com a un taxon clau per a I'e-
cologia dels ecosistemes insulars. A Eivissa i For-
mentera durant el Pleistocé superior no hi ha hagut
mamifers spastadors«, | el pastoreig sobre la vege-
tacld degué esser exercit essencialment per oques
de talla petita, les quals sdn molt abundants al re-
gistre fossilifer pitids (i summament escasses al
gimnésic).

Maolts dels aspectes de la paleoecologia de les
illes se'ns escapen. El registre palinologic es maolt
escas a les Balears. Donada la seva estabilitat al llarg
del temps, ni les faunes da mamifers, ni les de raptils
i amfibis, ni les poques dades que tenim sobre plan-
tes tossils, han lliurat dades rellevants respecte la pa-
lzoclimatologia d'aquestes llles. Només uns pocs
ocells han resultat esser d'utilitat com a indicadors
bicclimatics. Els canvis climatics del Pleistocé cone-
guls als continents s'han d’haver donat també a les
illes, tot i gue probablement d'una forma amortigua-
da. En qualsaval cas, no afectaren la composicia de
les faunes de mamifers, reptils | gastaropodes.

La preséncia de quantitats molt elevades d'ocells
marins al Pleistocé de les Pitilises s'ha relacionat
amb l'existéncia d'un front mari d'elevada productivi-
tat entre aquestes illes i la Peninsula Ibérica (FLORIT
el al., 1989). Aguest front existeix a l'actualitat i els
fbssils provinents de les coves eivissengues son les-
timoni de la seva existéncia en el passal, almenys
des del Pleistoca inferior (ALCOVER, 1989), perd
probablement des d'abans. Aquest tront s relaciona
amb el sistema de corrents marines de la Meditarra-
nia occidental. La manca de colonitzacid de les illes
Pitilses rera I'esdeveniment catastréfic registrat, pot
estar també relacionat amb aquest sistema de co-
rrents (o amb la proximitat temporal de I'esdeveni-
ment catastrofic).

En resum, I'estudi dels materials paleontoldgics
de verlebrals del Plicce i Pleistoce de les Gimnésies
i de |es Pitilses s'ha pogut realitzar gracies a la seva
obtencio a jaciments carslics. Aquest estudi és de
gran transcendancia per al coneixemeni de les fau-
nes del passal, dels processos nesoevolutius que ori-
ginaren diversos endemismes insulars, aixi com tam-
bé de |a paleocecologia i la historia biogeografica
d'aquestes illes, Endemés, donades les caracteristi-
ques pecullars dels dipdsits carstics de les Gimnésies
I les Pitilses, 'estudi d'aquestes faunes té una trans-
cendéncia molt gran en la discussid de madels bio-
geografics i evolutius aplicables arreu del Mdn.

whereas it was probably absent in the Pityusics (it has
not been found there, although more than 100,000
bird bones have been exhumated). On this
archipelago, the Sea Eagle Haliaaetus albicilla
displayed the role of superpredator, as it occurs on
other oceanic islands where terrestrial mammals are
absen! fALCOVER & MeMINN, 1994),

The fossiliferous record from the Fleistocene
karstic deposits of the Gymnesic and Pityusic Islands
raveals also that herbivory has been abviously differant
an both archipelagos. This fact probably derived in &
very different kind of pressures on vegetation. In
Mallorca and Menorca, Myotragus was a varacious
grazer and, due to its strong and highly specialized
dentition, it must be undoubtedly considered as a key-
taxon for understand the ecology of insular
ecosystems. During the Upper Pleistocene, in Eivissa
and Formentera there were no «grazing» mammals,
and grazer pressures on the vegelation was probably
exarced mainly by small-sized geese, which are greatly
abundant in the Pityusic fossiliferous record (and
axtramely scarce in the Gymnasic ong).

Many aspects of the palececalogy of the islands
has not be studied. The palynologic record on the
Balearics is particularfy scarce. Because of an
assumed climatic stability on islands throughout tima,
without evidence of change among the mammalian,
reptilian and amphibian faunas, together with the
scarcity of data on fossil plants, little information
concerning the paleoclimatology of these islands
exisls. Just a few birds have appeared to be useful as
climatic indicators. In consequence, there is liftle
infarmation on the paleccliimatology of these islands.
But the climafte changes in the Pleistocens known
fram the mainiand must have prasenl also an the
fslands, but did not affected in an impartant way the
faunistic compositian,

The presence of high quanlities of sea birds
during the Pleistocene from the Pityusics has been
refated ta the existence af a marine front of high
productivity between these islands and the Ibarian
Peninsula (FLORIT et al., 1988). Such a front doas
exist at present, and the fossils from the caves of
Eivissa give testimony of its presence in the past, at
least since the Lower Pleistocene (ALCOVER, 1289),
but, more likely, since earlier. This front is related to
the marine currenl system of the Western
Mediterranean. The lack of colonization of the
Fityusics after the calasirophic even! thal took place
could also be related to such current system (or with
the temporal proximity of the postulated catastrophic
aevent).

in conclusion, the study of paleontological
materials of vertebrates from the Pliocene and the
Fleistocene of the Gymnesic and Pityusic Islands has
been possible thanks to their existence in karstic
deposits. Such a study is of great importance for the
knowledge of past faunas, of the nesoevalutionary
processes which gave rise to diverse insular endemic
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taxa, and also for the palececology and the
biogeographical history of those islands. Moreover,
due to the peculiar characteristics of the karstic
deposits from the Gymnesics and the Pilyusics, the
study of those faunas is very relevant to the
discussion of biogeographical and evolutionary
models in many other parts of the World.
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ARQUEOLOGIA DE LES CAVERNES
DE MALLORCA

ARCHAEOLOGY OF THE CAVERNS
OF MALLORCA

Miguel TRIAS *

Resum

Es dificil exagerar la importancia de les cavilals naturals per al coneixement de la
prehistaria de Mallorca, | d'algun moment de la seva histdria, Basta considerar que les Oni-
ques estacions on 5'han lrobal restes de la seva fase de poblament inicial o aceramica son
dues d'aguestes cavilats.

En agquest treball resumim la historia del descobriment de les coves d'interés arqueo-
légic. Presentam també una breu sinopsi de la prehistbria mallorquina amb inclusic de tau-
les de formes de les seves principals indisiries. Descrivim I'aspecte que poden presentar
a l'explorador les estacions arquealdgiques en cova natural, amb mencid de construccions
i altres senyals del seu s en époques remotes. Finalment, mostram alguns exemples de
cavernes arqueolbgiques amb la seva topografia.

Abstract

It is difficult to magnify the importance that natural caverns confer to the knowledge on
Mallorca's prehistory and parts of its history. It is enough to consider that the unique sites
where remains from ils first stage of popuwlaling —aceramic period— have been found are
fwo of such cavities.

Within this paper we resume the history of the discovery of the archaeological
interesting caves. We also display a brief synopsis of Majorcan prehistory, including several
tables of its main industry seiflements. We also describe the look that archaeological sites
occupying natural caves could offer lo the explorer and we menlion the growth and other
signs of the use they ware given in earlier times. Finally, we show some examples of

archasological caverns together with their lopographical survey.

Introduccio

Si hi ha una activitat cientifica que té el camp
d'accid a les cavernes i que 1é poc a veure amb les
ciéncies de la natura, ben cert que és 'arqueclogia,
pertant, podriem pensar que hi és de més en aques-
tes planes; ara bé, 'espelecleg o el curiés que
s'aventura davall terra n'ha de tenir un minim de co-
neixements, baldament nomeés sigui per no malmetre
sense voler un jaciment superficial o per donar parta
les autoritais competents de I'interés arqueolbgic
d'una cavitat. Per altra banda, és precisament la
presencia a les coves de restes prehistariques que

1 Seccld d'Espeleciogia del GEM.

Introduction

If there is any scientific activity whose field of
action is caverns and whose relation with nature
sciences is scarce that is, undoubtedly, archaeology.
Thus, we could think it is outl of place in this
framework. But the speleclogist or enthusiast who
venture under the ground must have a minimum of
knowledge, at least to not intentionally damage a
superficial deposit or to be responsible enough to
inform the competent authorities aboul the
archaeological interest of any cavern. Moreover, the
presence of prehistoric remains inside caves is, al the
same time, what motivated the first cites of such
places made nowadays and the curiosity of those first
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motiva les primeres ciles que en tenim a I'época mo-
derna | la curiosital dels primers investigadors que
s'hi ficaren, cosa que en justifica, en part, |'estudi.

Curiosameant, una de les primeres ciles de coves
d'interés prehistoric s tambe la primeara mencid de la
forassenyada aficio dels mallorquins par cercar lre-
sors, la cita, de I'any 1632, as de ['historiador Dame-
to | es refereix a la Cova d'en Pardines de Manacor,
que, segons ell, ha estal habitacid de geganis i on la
cobdiciosa curiositat d'alguns ha frobat ocasio de per-
dre el temps, per pretendre trobar-hi diners.

A aguesta aficid pels tresors podem agrair la
dastruceid d'un sens nombre de jaciments a canvi de
res ja que les peces lrobades eren abandonades o
destruides perqua, lins passada la meitat del segle
XX, ni tan sols existia un interés col-leccionista pels
objectes prehistorics mallorquins. Les coves amb res-
tes humanes exaltaven la imaginacio del poble que
les atribula a gegants | moros, pero les pobras cera-
migues | els bronzes mig desfets no corresponien als
tresors que s'hi esperava trobar.

Destructores sén també les excavacions dels
col-leccionistes, ja gue una pega trata de context no
1€ gaire valor cientific | pergué una excavacio és com
llegir un llibre i anar-ne cremant els fulls com els
anam passant: la informacio que no s'hagl pogut arre-
plegar és perduda per sempre.

Par no malmetre els pocs jaciments que la legid
d'excavadors pirates ha respeclal, conve estar sem-
pre a I'aguait, | pensar que a totes les cavitats d'ac-
cés més o menys facil hi pot haver restes arqueclogi-
ques. Adhuc més enlla d'un pas obert a punta de
martell hi podem trobar una cambra sepulcral intacta,
comunicada amb I'exterior per una boca actuaimant
lapada, com és el cas de |la Cova de Saon Mallol
(PLANTALAMOR, 1974); o al fons d'un pou on hem
hagut de posar cordes, els prehistérics hi poden ha-
var enterral llurs morts dins baguls tauromarfics (EN-
CINAS, 1874).

Es dificil exagerar la importancia dels jaciments
cavernicoles per a 'estudi de |'arqueclogia mallor-
quina. En un terreny calcari com el nostre no hi man-
quen cavitats a I'abast de qui les ha hagudes de mes-
ter com a habitatge permanent, aixopluc ocasional,
femer o cementeri, |a sigui home de la prehistoria,
musuima =n perill o pastor modern. | ben segur que
n'han fet un Us gairebé general,

L'dnica relacid de cavitats arqueclogiques exis-
tent fins a I'actualitat és el catileg de VENY (1968) de
coves sepulcrals del Bronze antic on en relaciona 34,
Tanmateix, posats a fer-ne el catileg de totes les gue
tenen algun interés arqueolbgic, hi podriem afegir la
immensa majoria de les coves d'accés facil.

Tan importants son les cavernes a la nostra
prehisloria que de la seva fase més primerenca no
n'hem lrobal restes a altra banda (WALDREN, 1974).
Aixd no ens ha d'estranyar, perqué, si bé navetes i ta-
laiots eren males de desier abans de I'existéncia de
les maquines modernes, els fons de les barraques i
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explorers who enlered tham; facts that could, partly,
Justify studies on fthose sites.

Curiously, one of the first cites of prehistorically
interesting caves is also the first fo mantion about the
passion of Majorcan people to search for lreasures;
the cite was made in 1632 by the historian Dameio
and it refers to Cova d'en Pardines in Manacor which,
according to him, has been the home of giants and
the place where a few curious individuals passed their
time searching for money,

We can thank such crazes for the unnecessary
destruction of an increasing number of deposils as all
the pieces found were abandoned or broken down
due to the fact that, until half the X1X cantury, there
was no interest in collecting Majarcan prehistoric
objects. Caves containing human remains enhanced
the popular believe that attributed them fo giants and
Moeors, bul commen pottery and half-decayed
bronzas were nol the type of treasures one expected
to fird,

The excavalions carried out by collectors are
also the cause of damage, as an item put out of
context loses scientific value and because an
excavation resembles a book through which every
page once read becomeas bumt: the information which
has not been compiled becomas lost faraver.

As not to ruin the few deposils thal pirale
excavators hordes not touched, one must be an the
walch and must assume that all those more or less
accessible caverns may contain archaeclogical
ramains. By more than just chipping away. we could
find an untouched sepulchral hall, connected to the
outside by an opening loday sealed, as it happens In
Cova de Son Mallol [PLANTALAMOR, 1974); or at
the bottom of a well reached by ropes, the prehistoric
man could have buried their dead inside tauromorphic
coffins {ENCINAS, 1874).

it is nol easy al all to exaggerate the importance
of cave deposils regarding Majorcan archaeology. In
such a limestone terram as ours, there is no shortage
of cavities suitable for anyone; i.e. man from the
prehistory, persecutad Muslim or modern shapherd,
who used them as a permanent dwellings, occasional
shelters, dunghills or cemeteries. And it's certain they
made general use of them,

The only inventory of archaeaolegical caves
existent at present is the catalogue by VENY (1358)
where he lisls 34 sepulchral caves from the ancient
Bronze period. If one intends to catalogue all those
cavas involving archaeological interest, most of the
easily accessible ones could be added to the lisl,

As no prehistoric remains have been discoverad
efsewhera, the caverns are of greal importance in the
archaeology of Mallorca (WALDREN, 1874). This is
not astonishing because, navetes and talaiots were
hardly destroyed before modern machines appeared,
the bases of huts and light buildings were unable to
withstand the activity of peasants and farmers, while
deposilts within caves were nof profaned until the



les construccions lleugeres no han pogut resistir 'ac-
cio de conradors i roters, mentre que els jaciments en
coves no foren profanats fins que no va pegar la fe-
bre de cercar tresors i, en tot cas, no se solia arribar
als nivells inferiors.

Es normal que un medi tan conservador, tan ric
en materials |, a la vegada, tan facil d'excavar sense
els caramulls d'enderrocs dels monuments ciclopis,
fos objectiu prioritari dels excavadors en comengar
I'interés per la prehistoria. Com a exemple tenim el
cas de Josep Colomines que entre 19151 1916, per
compte de I'institut d'Estudis Catalans, va fer exca-
vacions a 30 coves | a 8 poblats. Com veim, la di-
feréncia és notable sense tenir en compte altres ar-
guedlegs que nomeés excavaven coves. Hem volgut
posar |'exemple de Colomines perqué gracies a la se-
va feina de camp, BOSCH | GIMPERA (1932) pogué
fer la primera sistematitzacio de la prehistoria mallor-
quina que fou vigent fins gairebé la década dels cin-
guanta.

Abans d'ell, altres invesligadors s'ocuparen de
les coves d'interés arqueoldgic si bé parant esment
tant a les naturals com a les artificials, sovint dins es-
tudis de caracter general. El primer fou el d'Alberto
della Marmora, que I'any 1840 va relacionar els mo-
numents sards i els balears. Més tard, Emile Cartail-
hac va publicar la primera sintesi de la nostra
prehistdria. Les seves visites a Mallorca motivaren
I'aparicio d'un grup d'investigadors locals que publi-
caren llurs troballes en el recentment creat Bolleti de
la Societat Arqueoldgica Lul-liana.

La relacid de treballs sobre jaciments en cova
natural que s'han publicat des de llavors | dels inves-
tigadors que hi han dedicat bona part de la seva fei-
na, seria massa llarga perqué cabés en aguestes pla-
nes. Només volem citar per la seva importancia
cabdal els susdits Colomines i Bosch i Gimpera, el
seu relleu representat pels homes del Museu Regio-
nal d'Arta fins a la guerra civil i, despres d'aguesta, la
tasca feta pel doctor Lluis Pericot | pels museus de
Mallorca i de Deia des dels anys seixanta.

Resum historic

PERIODE ACERAMIC

Les primeres manifestacions humanes a Mallor-
ca daten de devers el 4,000 abans de Crist i consti-
tueixen un periode anomenal aceramic per manca
d'altres elements definitoris. Nomeés se n'han trobat
restes a dues estacions, la Cova de Moleta i la Balma
de Son Matge (WALDREN, 1974) i d'una pobresa ex-
trema: nomes una rudimeantaria inddstria de silex |
d'os associada a restes de Myotragus balearicus, que
poca cosa ens diu dels seus faedors i d'on vengueren.

Tanmateix, és interessant fer-hi dues observa-
cions. Primerament, la seva relacid amb ossos del ru-
picapri endémic: per una banda, hi ha una gran

craze of seeking treasures arose. In any case, lower
levels were not usually reached.

It seems reasonable that such a preserved and
rich-in-material environment could be so easily
excavated, not having the big blocks of cyclopean
monuments, which became a priority for excavators
when interest on prehistory came to light. As an
example, we could cite Josep Coloemines who,
between 1915 and 1916, was commissioned by the
Institut d'Estudis Catalans lo excavate 30 caves and 8
villages. As it can be seen, there is a notable
difference, if leaving apart those archaeologists who
just excavated caves, and those like J. Colomines who
also excavaled villages. We have precisely cited the
example of Colomines because itis thanks lo his field-
work that BOSCH | GIMPERA (1832) was able lo
elaborate the first systematization of Majorcan
prehistory that remained applicable almost unfil the
50s. Before him, other researchers looked into caves
of archaeclogical interest paying special attention 1o
both the natural and the artificial ones, often involved
within general studies. The first of them being Alberlo
delfa Marmora who related the Sardinian and Balearic
monuments in 1840, Later, Emile Cartailhac published
the first synthesis on our prehistary. His visits to
Mallorca encouraged a group of local researchers who
published their findings in the recently appeared Bolleti
de |la Societat Arqueoldgica Lul.liana.

A checklist of all those papers, on deposils in
natural caves, published since that time as well as a
relation of the researchers who dedicated most of
their time to such task would be too long to be
exposed in this paper. We would just like to cite, due
fo their quaniitative importance, the above mentioned
Colomines and Bosch i Gimpera, whose relay is
represented by the men of the Museu Regional d'Arta
fo the civil war and, secondly, the task realized since
the 60s by Dr Lluis Pericot and by the museums of
Mallorca and Deia.

Historical abstract

ACERAMIC PERIOD

The first human signs in Mallorca come from
approximately 4,000 B.C. and they constitufe a period
named aceramic, as there is a lack of any other
definitive items. Remains have been found in only two
sites, Cova de Moleta and Balma de Son Matge
(WALDREN, 1974), both being rather poor: just a
rudimentary silex and bone indusiry associated to
Myotragus balearicus remains that tell about very
litile who made them and the places they came from.

However, it Is interesting to remark two
observalions. Firstly, their relation with bones of the
endemic rupicaprin: on one hand, the skeletons are
quite abundamnt, suggesting that they had became
domesticated; on the other hand, shaped bones and

173



abundancia d'esquelels, cosa que suggereix domes-
ticacit: per altra banda, trobam ossos tallats i amb
marques d'instrumants, Tot plegat sembla una prova
indubtable que la seva extincio fou abra de 'home.
Per altra part, no deixa d'esser nolable gue un
home que havia estat capag de navegar fins a Ma-
llorca tengués una indlstria tan pobra. Recordem que
la nostra illa és, després de Menorca, la mes allu-
nyada del continent | que la navegacid en aguella épo-
ca no devia esser empresa facil ni a 'abast de tothom.

PERIODE PRETALAIOTIC

Han de passar més de 2.000 anys abans que els
pobladors de Mallorca tornin a deixar traga del seu
pas. Ara ens trobam amb una cultura complexa | re-
lativament rica que té les coves artificials | navetes
com a tret arquitectonic més destacal. Es una cultu-
ra de la qual coneixem malt millor &ls jaciments fune-
raris que els d'habitacio. Es tracta de la cultura pre-
talaidtica, nom que nomes indica que &s anlerior a la
cultura dels talaiots, la mes caracteristica de les Ba-
lears. La seva cronologia va des de l'any 1.800 fins a
I'any 1.200 a.C. quan les navetes son abandonades
pels talaiots, encara que no sigui gaire clar si per la
invasio d'un poble diferent o per un canvi cultural de-
gut a una influéncia externa. En tot cas, el poble pre-
talaidlic sembla haver gaudit de pau relativa ja que no
ens ha deixal construccions de caracter defensiu. Les
coves artificials, caracteristigues d'aquesta cultura
fins al punt d'haver-li donal nom originalment, nomes
es troben alla on |a roca és prou blana per permetre'n
I'excavacid, a les calcarenites post-oroganiques dal
micce i el plio-quaternari.

La forma de les coves es va complicant progras-
sivament, de rodona passa a allargassada, després
es complica amb un corredor llarg, doble vestibul,
fessa central | bancs funeraris. Algunes, finalment, te-
nen un pali a 'entrada i petites cambres annexes.

En el pretalaiotic final, I'home habita les navetes,
construccions de plania de ferradura melt allargas-
sada, amb sostre de brangues, que presenten una in-
teressant diferéancia de tecnica construcliva amb els
talaiots: les pedres que les formen estan posades de
cantell mentre gue els talaiots i les navetes menor-
quines d'enterrament |es tenen planas.

Malt caracteristica dels moments inicials
d'aquest periode és una ceramica incisa de gran qua-
litat, que prest entra en decadéncia | acaba per de-
saparéixer, Es tracta d'una produccid influida pel vas
campaniforme, la cultura del qual es va escampar
arreu d'Europa fins a Bohamia des del seu focus ori-
ginal al sud-cest de la Peninsula |bérica, si bé els
exemplars mallorquins tenen una clara influéncia sar-
da. Les coves artificials tenen 'origen a l'allre costal
de la Mediterrania, a I'Egeu, zona que al vollan! de
I'any 2.000 vivia I'hegemonia comercial de les ciulals
de la Crela mindica. Les formes ceramiques mes
abundants al llarg del periode son les globulars, ca-
renades | roncoconigues de mida mitjana i petita.
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other carved ones can also be found. On the whole, it
seams withou! doubl that their extinction was caused
by man.

It is interasting to note that a man who was
capable of navigating to Mallorca shows such a
exiguous industry, We must not forge! our island is,
after Menarea, the furthest from the continent and that
navigation in those times was probably not an easy
task.

PRETALAIOTIC PERIOD

2.000 years had to pass before the population of
Mallorca left any hints of their presence. Al present,
we face a relatively rich complex culture whose most
remarkable architectonical aspects are artificial caves
and navetes. Itfs a culture of which we know more
about funeral deposits than thase of everyday life. It
is a pretalaiotic culture, meaning it was previous to
the talaiotic one, the most characteristic of the
Balearic Islands. Its chronology eovers from 1,900 lo
1,200 B.C., when navetes were abandoned in favour
of talaiots, although it is still unclear whether it was
due to invasions by different people or to a cultural
change caused by external influences. In any case, it
seams thal pretalaiotic population enjoyed a relatively
peaceful existence, as they did not have any
defensive build-up. Artificial cavas, characleristical
from this culture, to the extreme of confarring it its
name, are found only where the rock is soft enough as
to be excavated; that is, post-orogenic calcarenites
from the Miocene and the Plic-Quaternary.

The shapes of the caves become gradually mare
complex, going from rounded to extended and then
being complicated by a long aisle, a double hall, a
central pit and funeral banks. Finally, some of them
show a patio at the enlrance and small annex rooms.

During the final pretalaiotic period man inhabited
navetes, a very extendad construction of horseshoe-
like plan and branched ceilings, which present an
interesting technical difference as opossad fotalaiots:
the rocks forming them are placed edgeways,
whereas those of talaiots and Minorcan funaral
navetes are placed flat,

An incise pottery of greal qualily becomes
characteristical of the beginning of this period,
although it soon became unused and in the end
desappeared. It is an industry influenced by the bakar
ware cullure which widespread through Europe, from
its ariginal focus on the South-West of the Iberian
Paninsula to Bohemia, although the Majorcan
samples show a cerlain Sardinian influence. The
arigin of artificial caves slems from the opposite side
of the Mediterranean Sea, the Aegean, where during
the year 2,000 the trading hegemaony of the towns
from the minoic Crete was taking place. The mosi
abundant pottery forms from that period are globular,
crest and troncoconical ones of madium and small
size,



QUADRE RESUM DE PREHISTORIA DE MALLORCA

Quadre resum de la prehistoria de Mallorca.
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El material litic &5 escas i de faclura grollera. En
destaquen els ganiveis de tall dentat que prasl son
substituits pels de coure o bronze de fulla triangular i
manec postis, molt abundants. També troabam pun-
xons | ornaments personals d'aquest material. L'os
asta representat per punxons | sobretot per botons,
que, &n &ls primers lemps, tenen la perforacio en V.

PERIODE TALAIOTIC

La cultura talaidlica no és un fet aillat a les Ba-
lears sing que farma part de lol un mén cultural estés
per la Mediterrania: la cullura ciclopia. Aquesta cul-
tura, originada segurament a la zona de I'Egeu, es
trasllada cap a occident amh manifestacions originals
adiferents terres banyades per la nosira mar: Apulia,
Malta, Sardenya, Corsega, Tunisia, Menorca | &l fo-
cus més occidental prop d'Almeria (ROSSELLO,
1979). A Mallorca comenga devers I'any 1.400a.C. |
perdura fins a la conguesta romana, encara gue a
parlir de I'any 700 s’hi inicia una lenta aculturacio pro-
vocada pel contacte amb els pobles cananeus i clas-
sics, accelerada després de la fundacid d'Eivissa pels
cartaginesos I'any 654,

El seu slemeanl més personal és el talaiot, torre
de planta quadrada o rodona, feta amb pedres de mi-
da grossa sense ciment —la caracieristica técnica
ciclopla— retocades o no segons la duresa del male-
rial. Monuments semblants es poden veure al sud de
Corsega on reben ¢l nom de torrf | a2 Sardenya, on
s'anomenen nuraghe. La finalitat dels talaiots no esta
ancara ban aclarida, suposant que tots en tengueassin
la mataixa. En alguns dels relativament pocs gque
s'han excavat, s'hi ha trobat evidéncia d'enterra-
ments, en d'altres, d'habitacia. Aixd, complicat amb
les reutilitzacions, fa qua no puguam estar segurs de
si, per als seus constructors eren habitacions de per-
sonalitats, torres de guaita, sepultures o llocs sa-
grats, entre d'altres possibles opcions.

A partir de 'any 1.000 ja no se'n construiran mas;
com a consegléncia d'una situacid d'enfrontaments
armals o d'inseguretat generalitzada, son substituits
per poblats vollats de murada. En comengar la fase
de la decadéncia s'adosen habitacions d'aparell mes
senzill a les construccions precedents | s'alcen san-
tuaris amb grans lloses de cantell. En tot cas, dels ta-
laiotics coneixem millor les habitacions que les se-
pultures, ben a l'inrevas que dals pretalaidtics.

Comengada I'aculturacio, augmenta la comple-
xitat del man talaidtic amb manifestacions molt varia-
des, com ara la taurolatria, | 'adopeié de diferents for-
mes d'enterrament, com sl els mallorquins haguessin
perdut la seva uniformitat cultural, tal vegada per un
diferent grau de penetracio de les influéncies estran-
geres (GUERRERO, 1979), accelerades a partir del
segle Il a.C. per la preséncia de mercenaris mallor-
quins als exercits cartaginesos gue lluitaven contra
Aoma. D'enga del 500 compareixen per primera ve-
gada representacions figuratives, com a caps de brau
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Flint stone is scarce and ils texture is coarsa. Il is
remarkable that the cogged knives ware, in early
times, subsliluled by copper and bronze ones with
triangular blades and postiche handles, which were
very commaon. Also to be found are burins and
personal ornaments made of those metals, Bones
can be found in the form of burins and, more
commonly, buttens that, in early limes, wére
perforated in V shape.

TALAIOTIC PERIOD

The talaiotic culture is not an isolated fact of the
Balearic Islands but a part of a whole cultural world
commaon in the Mediterranean, the cyclopean culfure.
This prabably originated in the Aegean zone, moved
fowards the western area in ils original form to
different coastal lands of our sea: Apulia, Malta,
Sardinia, Corsica, Tunis, Menorca and the most
western focus close to Almeria (ROSSELLO, 1979).
In Mallorca it begins cirea 1,400 B.C. and lasis till the
roman conguest, although since the year 700 a
gradual acculturation process starts, provoked by the
contact with cananean and classical populations, and
sees ilsell accelerated after the foundation of Eivissa
by the Carthaginians in 654 B.C.

iz mosit personal element is the talaiot, a fower
with squared or rounded plan made of big rocks
without mortar —the characteristical cyclopean
technigue— retouched or not depending on the
hardness of the material. Similar monuments can be
seen on the South of Corsica where they are namead
torri, and in Sardinia where they are denominatad
nuraghe. Talaiots function is not clear yel, assuming
they were all made for the same purpose. In a few of
the relatively low number of them which have been
axcavaled, evidence of burying has been found
whareas others were used as dwelling-rooms. All
that, entangled with their former re-utilization makes
it difficuit to assart whether they were used as rooms
for personages, as watchtowers, as sepulchres oras
sacred places, amang other possible alternatives.

Since the year 1,000 no more talaiots were built
up; as a consequence of armed confrontation or
general instability they became substituted by fortified
villages. With the decline of the talaiotic pariod
simpler rooms are attached to the former buildings
and sancluaries made of big flagstones, placed
edgeways, are consliucted. More is known about the
rooms, that talaiotic man buill, than the sepulchres,
the opposite that occurs with the pretalaiotic
constructions.

Once the acculturation procass commanced the
complexity of the talaiotic world increased in various
farms as the taurolatria, and with the adoption of
different ways of burying, as if Majorcan people had
lost their cultural uniformity, perhaps due to a differant
grade of foreign colonization (GUERRERO, 1878)
which has been accelerated since the lll century as a
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i guerrers de bronze, en clara imitacio de 'escultura
classica. Les espases en bronze i ferre, segons el
moment, ens parlen d'una societat jerarquica i gue-
rrera. També trobam als jaciments eines i objectes
d'arnament personal —pectorals | polseres— dels
materials esmentats. Aixi mateix s'han localitzat unes
curioses plagues de plom decorades amb motius
geometrics. La ceramica de les fases talaidtiques 1 i
2, s a dir, d'abans del 700, continua essent feta a
ma, com a les anteriors épogques, tot | que les peces
s6n de mida més gran i de parets meés gruixades.
A partir d'aguella data, es comencen a imitar les for-
mes classiques, concidint amb |'ls de peces d'im-
portacid gregues, cartagineses | romanas gue acaben
per suplantar totalment la ceramica indigena.
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Dues safes musulmanes de la Cova dets Amagatalls en
el seu lloc original

Two Muslim pans from Cova dets Amagatalls (Manacor)
in their original hide.

PERIODE HISTORIC

A partir de I'época d'August els mallorquins
abandonen els seus antics costums i deixen d'emprar
les cavernes com a habitacid | sepultura; des
d'aquest moment només alguns pagesos, pastors o
llenyaters hi deixaran les seves pobres pertinences,
tret de pocs casos concrets, | dels musulmans que

Claus i ferradura musulmanes de la Coveta des Rovell
(Escorcal).

Muszlim keys and horseshoe from Covela des Rovell
(Escorca).

consequence of the appearance of Majorcan
mercenaries who fought against Rome with the
Carthaginian army. Since 500 B.C. there appear. for
the very first time, figurative samples as bull heads
and bronze warriors, certainly imitating the classical
sculpturing. Bronze and iron swords show us a
warlike and hierarchical society. In those deposits we
also find tools and personal adornmenis —pectorals
and bangles— made of the same materials
mentioned above. Several bizarre plates made of
lead and decorated with geometrical designs have
also been discovered. Pottery from the talaiotic
stages 1 and 2, that is to say previous o the year 700,
continues to be hand-made as in ancient periods,
even though the pieces are bigger and thicker. From
that time on, classical patterns begin to be imitated
simuftaneously to the usage of Greek, Carthaginian
and Roman imported pieces that eventually
substituted indigenous pottery.

HISTORIC PERIOD

From the Augustus' epoch onwards Majorcan
people left apart their ancient habits and ceased to
use caverns as rooms and sepulchres; thereafter,
only a few peasants, shepherds and woodcutters
would leave their possessions thers and Muslims
would use them lo hide during the Catalonian
conquest of the island. Between September 1223,
when the host of King Jaume el Conqueridor of
Aragon landed in Santa Ponga and June 1332 when
last majorcan Muslims hid in the mountains
surrendered, people hid inside any cave they could
find so that today we find plenty of examples of their
domestic vases, and several hideouts coniaining very
valuable pieces such as tools, glazed plates and keys
{TRIAS, 1878; 1981, TRIAS et al., 1982).

Finally, a few caves were used as dwellings b
hermits or as a cult site by Christians, as with the cav
of Son Santmarti.
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s'hi amagaren durant els dies de la conquesta cata-
lana de I'illa. El curt periode en qué les coves tornen
a esser fregiientades va des del desembarcament de
la host del rei Jaume el Conqueridor, el setembre de
1229, fins a la submissio total dels musulmans ma-
llorquins, el juny de 1232, amb la ciutat assetjada i
gran part del Pla en mans dels cristians. Aleshores
els mallorquins s’amagaren en tota quanta cova tro-
baren a I'abast, on ara trobam abundantissims tests
dels seus atuells domeéstics i alguns amagatalls amb
peces de gran valor com eines, plats vidriats i claus
(TRIAS, 1979; 1981; TRIAS et al. 1992).

Finalment, algunes coves han servit d'habitatge
a ermitans o de lloc de culte cristia com la Cova de
Son Santmarti.

Les cavernes i els jaciments

Com hem vist, podem trobar restes arqueologi-
ques, poc o molt importants, a la majoria de coves
d'accés facil i en algunes d’entrada més complicada.
De vegades son clarament vistables; en altres oca-
sions, el jaciment esta colgat per sediments moderns,
en el cas més extrem per una bona solada de dejec-
cions d'ovella. El pol oposat a aquest cas son les co-
ves que tenen les parets talaidtiques que, pel seu
aparell de pedres grosses, no es poden confondre
amb construccions d’époques modernes.

MURS CICLOPIS

Les construccions talaidtiques poden esser murs
que tanquen una boca ampla, com en la Cova des
Moro de Manacor, o que separen una zona de la co-
va de la resta, com en les Coves del Drac del mateix

Entrada talaidtica de la Cova des Moro (Manacor).

Talaiotic entrance of Cova des Moro (Manacor).

municipi. El mur esta obert per un portal semblant al
dels talaiots. De vegades després del portal continua
un corredor de lloses ortostatiques, baix de sostre,
que només es pot passar d'acotat (TRIAS & MIR,
1977); el perqueé de la seva construccio és dificil
d’'aclarir: simple transposicidé de corredor d’entrada
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Caverns and deposits

As we have seen, archaeological remains,
important or not, can be found in most of the easily
accessible, as well as in some inaccessible caves.
Sometimes they are easily seen, whereas sometimes
the deposit inside appears to be buried by modern
sediments, that can occasionally be covered by a
great quantity of sheep droppings. The opposite
example is that of the caves having cyclopean walls,
due to the layout of big stones, hardly confused with
modern constructions.

CYCLOPEAN WALLS

Cyclopean architecture can not only be walls
enclosing a wide entrance, as in Cova des Moro in
Manacor, but also walls isolating part of the cave from
the rest, as in Coves del Drac in the same
municipality. The wall opens in a portal similar to that
of talaiots. Sometimes the corridor of orthostatic
flagstones which can be only accessible by stooping,
due to its limited height, leads from the portal (TRIAS
& MIR, 1977); why such a corridor was built is a
difficult question: just a transposition of the entrance
corridor of the talaiots 7 a way of making the entering
the cave a matter of an iniciatic path, related with their
funeral or religious use?... Due to a lack of evidences,
such hypothesis will be hardly more than just plain
speculation.

MINOR CONSTRUCTIONS

Any other construction found in a cave could
inform us that we may encounter an archaeological
site, for example closed walls of simple structure,
levelling fringes, scales and ramps to overpass a
slope, small enclosures as a base for the hut,
entrances and other narrow paths holed with sledge-
hammers, etc. We should not assume, in any case,
that they are ancient constructions as, not longer ago,
caves were still being used by peasants, and country
people in general, for various purposes and that they
could just be fitting out works. Hence, only an
accurate identification may allow us to determine the
age of the construction.

CREMATIONS

The burnt walls of incineration caves are another
sign of prehistoric habitation; these appear cracked,
flaking and porous and show broken stalactites and
an obviously different colour, in comparison to close
unburnt areas. Usually there is not the characteristical
black soot hue that modern fires produce, as that
present on the ceilings of Coves d’Arta, which was
caused by the torches that visitors had to use before
electricity was installed in the cave. Occasionally,
remains of the wood used for cremations, as well as
ashes and bits of coal can be found too, but they can
be easily mistaken for modern bonfire embers.



dels talaiots? convertir I'ingrés a la cova en un recorre-
gut iniciatic relacionat amb el seu 0s funerari o religids
en sentit general?... Hipdtesis que, per manca d'e-
vidéncia, no passen d'esser simples especulacions.

CONSTRUCCIONS MENORS

Qualsevol altra construccio que puguem trobar
dins una cavitat ens pot informar que som en presén-
cia d'una eslacio arqueolbgica, com ara murs de tan-
cament d'aparell més senzill, marges per anivellar el
pis, escales i rampes per superar un desnivell, petits
closos com a base de barraca ben a l'interior, bogues
i altres passos estrets retocats a punta de picassa,
etc. Tanmateix no hem de pensar automaticament
que agquestes construccions san antigues ja que, fins
fa relativament poc, les coves varen esser emprades
per pagesos i gent del camp en general per a molts
d'usos i, per tant, s'hi pogueren fer obres d'habilita-
cid. Aixi doncs, nomeés una certa practica ens per-
metra determinar I'antiguitat de la construccio.

CREMACIONS

Un altre indici d'ocupacio prehistorica son les pa-
rets cremades de les coves d'incineracid; aguestes
se'ns presenten clivellades, descloscades i poroses,
amb les estalactites trencades | un notable canvi de
color respecte a les zones veines no alectades peal
foc. Generalment no hi ha la caracteristica negror de
sutja dels focs moderns, com ara la gue mostra el
sostre de les Coves d'Arta, produida per les falles
dels visitants d'abans de |la seva electrificacio. En al-
guns casos poden trobar també restes de la llenya
emprada per a les cremacions, cendres | trossos de
carbd, sl bé es poden confondre amb focs moderns.

CALC

La preséncia de calg en una cova dificilment es
pot atribuir a una altra causa gue no siguin enterra-
ments de fases tardanes del periode talaidtic, com a
la Balma de Son Matge (ROSSELLO & WALDREN,
1973).

0SS0S HUMANS

Els ossos humans procedeixen gairebé sempre
d'enterraments prehistorics. Com que les referéncies
historigues de tombes col-lectives sdn gairebé ine-
xistents, si en una cova trobam abundancia d'ossos
en superficie deixats per excavadors, hem de pensar
que son prehistarics baldament no hi vegem els ha-
bituals tests com en la Cova des Gegant d’Alard.

0SS0S D'ANIMALS

Per altra part, els ossos d'animals trencats | xa-
pals poden evidenciar un jaciment d'habitacid, ja que
segurament es tracta de restes de menjar dels mo-
radors,

LIME

The presence of lime in a cave can hardly be
anything else than the consequence of burials from
the latter phases of the lalaiolic period, as in Balma
de Son Matge (ROSSELLO & WALDREN, 1973).

Restes humans de la Cova des Gegant (Alard).

Human remains from Cova des Gegan! (Alard).

HUMAN BONES

Human bones come, in most cases, from
prehistoric burials. As historical references on
collective tombs are almost unexistent, where a lot of
bones are found after excavation on the surface of the
cave floor, we must presume they are prehistoric
remains even if there is a lack of the usual pieces of
broken poltery, as in Cova des Gegant in Alard.

ANIMAL BONES

Broken and cracked animal bones could denote
a dwelling-room deposil, as they are probably food
remains feft by the cave dwellers.

POTTERY

Any item from the prehistoric man industry found
inside a cave proves his presence and, al least
thearetically, any sort of these items can be found on
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CERAMICA

Qualsevol dels productes de la industria de I'ho-
me prehistoric que haguem trobat en una caverna és
una prova de la seva preséncia en aquest indret i tots
hi poden esser trobats en superficie, almenys en
teoria, tant si es tracta de metall, silex, os, pedra,
fusta, etc... pero la relativa escassesa d’alguns
d'aquests ho fa dificil. Contrariament, en una estacio
arqueologica no ens mancara mai la ceramica per la
seva abundancia i poc valor quan es tracta de peces
fragmentades. Els pirates se’'n duran les peces sen-
ceres pero deixaran els tests; son aquests els testi-
monis que ens donaran fe que una determinada cul-
tura o epoca és representada en el jaciment, ja que
fins i tot de vegades basta un sol fragment. Per tant,
la ceramica és 'auténtic fossil director de I'arqueologia.

Una distincio clarissima de la ceramica és la que
podem fer entre la feta a torn —de pasta compacta de
color clar i ben cuita, pertanyent a epoques histori-
gues— i la ceramica feta a ma —de forma irregular,
textura grollera, amb granulacio, porosa i de colors
foscos entre negre i vermell, segons si el foc era lo-
calment reductor o oxidant i, fins i tot, amb la diferén-
cia de color entre el nucli de |la pasta i I'exterior—.
Aquesta segona és caracteristica de la poblacio indi-
gena prehistorica amb alguna manifestacio d'época
islamica.

Podem fer unes distincions clares entre la cera-
mica indigena de les diferents epoques. Primera-
ment, tenim la ceramica incisa, de clara influéncia del
vas campaniforme, facil d'identificar si el test que te-
nim presenta decoracio. Baldament no en tengui, no
és gaire dificil de reconéixer si consideram que les
peces son de paret fina i que la pasta és molt com-
pacta, amb la superficie brunyida i de color habitual-
ment gris fosc bastant uniforme.

Les peces pretalaidtiques de ceramica llisa te-
nen la pasta més grollera i la majoria de les que tro-
bam, que sén d'us funerari, s6n vasos de parets fines
—de tres a quatre mil-limetres de gruixa— i de formes
fonamentalment globulars, carenades o troncoconi-
ques i de mida generalment petita —entre 10 a 15
centimetres de boca—.

Tot i que també esta feta a ma, la ceramica ta-
laiotica presenta prou diferéncies respecte de la pre-
talaiotica com per fer-se coneixedora a l'ull expert.
Per primer, les peces solen esser més grosses i les
parets més gruixades. També sén molt més abun-
dants els culs plans, les anses son de banyo, molt
més grosses que les pretalaiotiques, que solen esser
de mugro, sovint amb perforacions. Tanmateix, hi ha
una clara diferéncia entre ceramiques funeraries i
d’us domeéstic; les primeres sén de mides semblants
a les seves homologues pretalaiotiques amb predo-
mini de les formes carenades. En els moments finals
del talaiotic apareixen les anses de pont o0 zoomor-
fiques.

De la ceramica feta a torn que podem trobar a les
coves, en tenim de dues époques ben separades en
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the surface, not only metals but also silex, bone,
stone, wood, etc. although the relative scarcity of
some of them makes it a difficult task. On the
contrary, pottery will not be absent in an
archaeological site, being both abundant and
fragmented, so that it is of low value. Pirates used to
take away the complete pieces and left behind the
dross, thus, it is from these pieces, sometimes even
only one fragment of broken pottery, that we will have
the testimony of a certain culture or epoch being
present in a certain deposit. So, pottery happens to
be the fossil par excellence of archaeology.

There is a very clear distinction we can make on
pottery: the wheel-made one —whose paste is
compact, light-coloured and well-baked and
belonging to historical times— and the hand-made
pottery —irregularly formed, coarse-textured with
granulation, porous and dark-coloured, between
black and red depending on whether the fire was
locally reductant or oxidant and even showing
different colour its paste nucleus and its surface—.
This second type is representative of the indigenous
prehistoric population, sometimes interspersed by
patterns of the Muslim epoch.

There are certain distinctions among the
indigenous pottery from different periods. Firstly,
there is the incise pottery, clearly influenced by the
baker ware and easily recognizable if the pieces show
any decoration. If decoration is absent identification
is not difficult either, as we know the fragments have
thin walls and a very compact surface which is
polished and coloured, usually in a rather uniform
dark grey.

Pretalaiotic pieces of plain pottery present a
coarser paste and most of those found, that were
used for funeral, are vases of thin walls —from 3 to
4 mm in thickness— and globular, crest line or
troncoconical shapes usually small-sized —the
mouth between 10 and 15 cm of opening—.

Although talaiotic pottery is also hand-made, it
presents quite a lot of differences with the pretalaiotic
one, so that it is only recognizable by skilled eyes.
Firstly, its pieces are usually bigger and their walls
thicker. Flat bases are more abundant also, the
handles too are much bigger than the pretalaiotic
ones which used to be nippled and were often
perforated. Likewise, there is a clear difference
between funeral and domestic potters: the first having
a similar size to those of their pretalaiotic homologues
in which predominate the crest line forms. By the
latter talaiotic period there appears the bridge or
zoomorphical handles.

There are two well-differentiated ages regarding
wheel-made pottery. The first one, Punic, Greek and
Roman potters, placed in a time comprising from
Majorcan and Classical populations first contacts,
since Eivissa was founded, until the abandonment of
the caves; the second, the pottery from the Muslim
epoch, placed almost at the end of the Islam period on



el temps. Primer les ceramiques punica, grega | ro-
mana, que se situen cronoldgicament entre els pri-
mers contactes dels mallorquins amb els pobles clas-
sics, a partir de la fundacio d'Eivissa, fins a
I'abandonament de les coves; i, segon, |a ceramica
d'época islamica quasi totalment dels darrers temps
de I'lslam a les llles Orientals d'Al-Andalus. L'establi-
ment d'uns criteris segurs per distingir-ne una de l'al-
tra seria massa complicat perd podem dir que, en
molts de casos, la ceramica islamica es distingeix de
la classica per 'abundancia de decoracia, el barro-
quisme de les formes i la preséncia de vidrial.

Alguns exemples de cavitats
arqueologiques

SON MATGE

Un exemple cabdal de jaciment prehistoric és la
Balma de Son Matge, petit recer sota una penya si-
tuat a I'estret de Valldemossa i un dels dos unics ja-
ciments on esta representat el periode aceramic, En
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Planimetria de la Balma de Son Matge (Valldemossa)

els seus 36 nivells presenta una llarga série d'episo-
dis culturals des del susdit fins al talaiotic tarda de
devers el 200 a.C. Als nivells inferiors podem trobar
ossos de Myotragus en relacid a restes de foc, prova
de la coexisténcia d'Home | Myotragus i, per tant, que
la seva extincid va esser conseqléncia de I'accid hu-
mana, Hi ha també 25 nivells d'habitacié pretalaioti-
ca, amb la base de molta antiguitat, ja que a la meital
de la seva poténcia trobam nivells amb ceramica in-
cisa de tradicié campaniforme datada el 1870 a. C.

El nivell 7 marca un clar horitzé talaidtic, forga
antic, entre el 1350 i el 1150 corresponent a un us fu-
nerari on trobam abundants peces de bronze
—bragalets, punxons i ganivets—.

Els darrers nivells corresponen a enterrameants
en calg del talaidtic tarda bastant pobres de materials,
ja que només hi trobam alguns grans de collar de vi-
dre, polseres de ferro i petits vasos d'ofrenes.

the Eastern Islands of Al-Andalus. Establishing
certain criteria to distinguish both ages would be too
complicated but what is sure is thal, in many cases,
Muslim pottery differs from classical one in an
abundant decaration, barroc forms and presence of
glazing.

A few examples of
archaeological caverns

SON MATGE

The Balma de Son Matge is a relevant example
of prehistoric deposil; itis a tiny shelter placed on the
fool of a cliff in the Valldemossa estret and it
represents one of the only two deposits where the
aceramic period is typified. All through its 36 levels a
long series of cultural episodes are represented,
covering from the aceramic to the latler talaiotic one,
from approximately the year 200 B.C. In the lower
levels bones of Myotragus mixed with fire embers
can be found thus proving the coexistence of man and

Survey from Balma de Son Malge (Valldemnossa).

Myotragus and, in consequence, that its extinction
was caused by human activity. There are also 25
levels of pretalaiotic dwelling-room whose bottom is
very ancient, as in the moiety of its thickness there
can be observed some levels containing incise
pottery of the baker ware style which has been dated
in 1870B.C.

Level 7 delimitates a clear talaiotic horizon,
certainly ancieni, between 1350 and 1150,
correspondent to a funeral use in which abundant
pieces of bronze can be found —bracelets, burins and
knives—.

The upper levels correspond to rather poor-
in-material burials in lime from the latier talaiotic
period, where only a few beads of glass necklaces,
iron bangles and small offering vases have been
found.

Curiously, there is a prolonged time of
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Curiosament hi ha un llarguissim periode
d'abandonament entre el final del talaigtic | el 280
a.C. quan comencen els enterraments amb calg.

Molsa f Moss

Calg / Lime

Carbd f Coal
Inhumacions /| Burials
Tarra roja ! Terra Rossa
Tarra [ Grourd

Candra / Ashes
Sadimentacid / Sedimentation
Analigis / Analysis

«FE0REROO

COVA DES NEGRET

Amb aquest suggestiu nom conaixam una petita
cavitat, situada a la cara nord de la Sarra d'Alfabia, al
peu d'un penyal, part damunt les cases de sa Coma,
Malgrat el seu poc desenvolupament haritzontal
—asla constituida peruna Unica salade 20 x 15 m—
& una nolable fondaria: a I'enfront de la sala hi ha un
pou que arriba als -21 m. El seu dipdsit arqueolbgic
no és gaire impartant; la majoria del pis és de colada
i només s'hi han trobat restes en alguns racons. Tan-
mateix, aquestes restes en forma de fragments cera-
mics | un punxd de bronze han permas determinar
que la cova va estar ocupada durant el pretalaiitic
el talaidtic, | que degué servir de refugi o d'amagatall
en época islamica (VENY, 1968).

Mes interessant que el valor arqueolbgic és e
sey valor com a lloe llegendari. La llegenda que hi té
seu ens parla d'un negrel que hi sortia el dissabte de

TOVA DEG NEGRET
Soller

TERSUL A TOPOGRAFIL [
poisefaly W WS [53T
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abandonment since the end of the talalotic period and
280 B.C, when burials in lime commenced to be
raalizad.

Tall estratigrafic da la Balma de Son Malge (Segane
ROSSELLD & WALDREN, 1973).

Siraligraphie crass-section of Balma de Son Malge
{Validemossa) falter ROSSELLOD & WALDREN, 1873).

COVA DES NEGRET

Such a suggestive name (Little Nigger's Cave)
stands lor a small cavern placed on the northern
slope of Serra d'Alfabia, al foot of a boulder, over the
houses of Sa Coma. In spile of its low herizontal
development —it is formed by a unique hall of 20 x
15 m— its depth is notable and a well 21 min depth is
located on the frontage of the hall. Its archaeological
deposit is rather unimportant, most of the foor being
flowstones, and only few remains have been found.
These findings, for instance some pottery fragments
and one bronze burin, have allowed to determine that
the cave was occupied during both the pretalaiotic
and the talaiolic periods as well as that it probably
served as a shelter or hideout during the Islamic
epoch (VENY, 1968).

Its legendary valua is greatar than its
archaeological one. The legend talks about a little
nigger who went out every First Day of Passover. (fa
lucky one got to give him a candle alight during the
last mass, the little nigger would burnt into a pile of
golden coins; the point is that all the offering had to be
done hefore the lirst stroke of Glory so that, as the
time elapsed was sleadily short, none was ever able
to touch him and he always went back o the cave,
where he might siill be waiting for someone to calch
up with him (ALCOVER, 1903).

Returning ta reality, it is likely that the legend is
inspired in Joan Albert, alias Negret, the bandit wha
used the cave as a refuge and was caplured in 1605
(RUL.LAN, 1875).

COVA DELS OS50S

Known from immemorial times, as it name points
oul {Cave of the Bones), stays this cave of



Pasqua. Si cap afortunat aconseguia dur-li una can-
dela encesa amb el foc nou, que s’encén a I'ofici d'a-
quell dia, el negret esclafiria en un caramull de mo-
nedes d'or; pero aixo s'havia de fer abans del primer
toc de Gloria, i com que el temps curtejava ferm entre
I'encesa del llum i la primera batallada, ningu fou ca-
pac d'esser a temps de tocar-lo, i el negret se’'n torna
sempre a la cova on encara hi deu esser, esperant
que qualcu I'aglapesqui (ALCOVER, 1903).

Tocant de peus a terra és possible que tal lle-
genda vingui inspirada pel bandejat Joan Alberti,
alias Negret, que tenia el seu cau a la cova i que fou
capturat I'any 1605 (RUL-LAN, 1875).

COVA DELS 0SS0S

Es una de les cavitats d'interés arqueologic co-
negudes des de temps immemorial com ho indica el
seu nom popular. Esta situada al coster occidental
del Puig de s'Alcadena, ben davant les cases de
s'Olivaret, dins la possessi6 de sa Font Figuera. El
pare VENY (1968) hi va fer una prospeccio I'any
1948, replegant materials del pretalaiotic, malgrat la
duresa dels seus sediments bastant concrecionats.
Hi troba nombrosos punxons de bronze, botons d'os
de perforacio en V, plaquetes triangulars del mateix
material i fragments de vas bitroncoconic.

COVA DES MOROS DES TOSSALS

Aquesta caverna esta situada al pregon i ferest
barranc per on s'obre cami el Torrent des Prat, entre
els massisos des Tossals i de Massanella, en un punt
de gran bellesa i molt esquerp; esta penjada en una
timba i per arribar-hi s’ha de fer una petita escalada,
aixo prova que els indigenes mallorquins aprofitaven
les coves que els semblaven convenients, indepen-
dentment de la seva dificultat d’accés.

La historia recent d’aquesta caverna és ben
il-lustrativa de la dissort que ha acompanyat molts de
jaciments arqueologics mallorquins: era coneguda
des de temps immemorials com ho prova el seu nom
popular; tots els carboners que feien feina a la zona
la visitaven i en remenaven els sediments cercant

COVA DES MOROS
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archaeological interest. It is located on the northern
slope of Puig de s'Alcadena, just in front of the
houses of s'Olivaret in the land of Font Figuera. Fra
Veny (1968) made a prospection in 1948 and
gathered pretalaiotic materials, despite the hardened
sediments which were quite concretioned. He found
plenty of bronze burins, bone buttons perforated in V
shape, small bronze ftriangular plaques and
fragments of bitroncoconic vases.

COVA DES MOROS DES TOSSALS

This cavern is placed in a deep and steep gully
over the path of Torrent des Prat, between Tossals
and Massanella peaks, in a wild and beautiful site; it
is dangling from a precipice and a bit of climbing is
needed to reach it, what proves that Majorcan natives
occupied any cave they found suitable even if their
access was eventually difficult.

Recent history of this cave is well-illustrating of
the misfortune involving many Majorcan deposits: as
its name indicates (Cave of the Moors from Tossals),
it was known since immemorial times; every coal-man
working nearby used to enter it and to remove the
sediments when looking for remains from the Moors
times, therefore seriously damaging the deposit.

But its definitive decay is due to the local peasant
who decided to empty it completely to use the ground
as manure for his sown fields. He invested a few spells
between 1937 or 1938 to do the work; the
archaeological materials which were removed are now
definitively lost: great quantity of human skeletons and
pottery pieces were dispersed and crashed; only two
entire vases and one silex knife could be saved, both
being now exposed at the Museu de Lluc (VENY,
1968). Thereafter, the same author realized a sound in
that site and gathered different pieces which allow to
establish the chronology of the cave occupation,
between the time when silex knives were applicable
(ancient pretalaiotic) and that of bridge handles (latter
talaiotic).
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restes dels lemps des moros, cosa no gaire bona per
al jacimani.

Perd el que significa la seva ruina definitiva va
esser la pensada que va tenir gl pages des Tossals
de buidar-la tota per emprar-ne la terra com a adob
per als seus sembrats. Aquesla tasca li va ocupar una
série de temporades devers els anys 1937 o0 1938; el
material arqueoldgic que se'n va treure es perdé sen-
s remissio: gran quantitat d'esquelets humans i pe-
ces de ceramica foren escampats | destruits; només
se'n salvaren dos vasos sencers | un ganivet de silex
que avui son al Museu de Lluc (VENY, 1968). Poste-
riorment aguest autor hi va realitzar una cala, recu-
perant diferents materials que ens permeten establir
una cronologia per a la seva ocupacid entre els mo-
ments de vigéncia dels ganivels de silex (el prela-
laidtic antic) i el de les anses da pont (el talaiolic
tarda).

AVENC DE LA PUNTA

Un aspecte ben interessant del talaiétic tarda
son els enterraments en baguls de fusta. Un dels ja-
cimants que ens il-lustren aguesta forma cultural és
I'Avenc de la Punta, silual al paratge del mateix nom
entre |es carreteres de Sant Viceng i del Port de Po-
llenga. Es tracta d'un cas excepcional ja gue els talits
sembla que tenen forma de taro. També és excep-
cional perqué es tracta d'una cavital d'acces verlical;
per arribar a la galeria inclinada on se situen &ls en-
terraments hem de superar un pou de 18 metres de
fondaria. Alguns marges faciliten la col-locacio dels
marls per a la seva cremacio (ENCINAS, 1974). La
hipotética reconstruccid d'un d'aquests toros-sarco-
fag es pot veure al Museu Municipal de Pollenga.

COVA DES MORO

Una altra utilitzacid de les coves que fins aqui no
haviem esmentat és I'ds com a lloc de provelment
d'aigua. En aguest cas es tracta d'una caverna cos-
tanera, la Cova de sa Font o des Moro de l'llla de sa
Dragonera. Es una cavitat d'entrada no gaire tacil,
una fissura de 13 melres de desnivell, actualment su-
perat per una escala feta de pedra que facilita molt

AVENC DE LA PUNTA

A very interesting aspect of the latter talaiotic is
burial in wooden coffins. One of the deposits,
representalive of such a cullural pattern is Avenc de
la Punta, placed in the samely named area belween
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Sant Viceng and Port de Pollenga roads. It is an
oulstanding example as the coffins seem to have the
shape of a bull. It is alse remarkable because its
access is verlical to reach the inclined galiery were
burials are present, a pit 18 m in depth must be
surpassed. Several walls facilitate the placement of
the dead lo be cremated (ENCINAS, 1974). A
hypothetical reconsiruction of one of these bull-
sarcophagus can be seen al the Museu Municipal de
Pollenga.
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Planol dal jaciment de I'Avenc de la Punia (Pollenga)
{segons EMCINAS, 1874).
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Survey of the deposit from Avenc de la Punia (Pollenga)
{aftar ENCINAS, 1974).



l'accés ala zona inferior on trobam un llac d'aigua sa-
lobrosa amb abundantissims fragments de ceramica.
Vista la tipologia d'aquests malterials i com que no hi
trobam ceramica indigena, deduim gue els auloctans
ne I'empraven i els usuaris de la cova eren naveganis
punics | romans que la freqientaven entre el segle IV
a.C.ielsegle IV d. C. (ENCINAS, 1871). Curiosa-
ment hi trobam materials d'época islamica, encara
que no sembla gue procedesquin d'un Us de la cova
com a amagatall.

COVES D'AMAGATALLS ISLAMICS

Testimoni dels dramatics esdeveniments que
significaren la destruccid del mén arab mallorqui, san
uns sens nombre de coves on s'amagaren els musul-
mans atemaorits. Agqui la ceramica es lroba praclica-
ment en superficie ja que l'evalucio de la cova no ha
tengut temps de colgar-la de sediments. Només l'ac-
cld dels visitants ha anat esmicolant els materials
abandonats.

Fins i tot en coves petites | inciémodes com la de
ses Talaies. al terme de Sant Lloreng, s'han trobat
tests de ceramica de luxe amb magnific vidriat; aixd
evidencia el seu Us com a amagatall ja que als usua-
ris normals de la cova, pagesos o pastors, no ten-
drien en via ninguna agquesta ceramica.

Ultra aguests materials fragmentats | malmesos,
hem trobal amagatalls amb peces senceres a meés
d'eines i claus, com hem citat més amunt. Els dos
Unics casos descrits d'una manera seriosa son la Co-
veta des Rovell d'Escorca i la Cova dets Amagatalls
de Manacor, que son a dos indrets del nostre territo-
ri tan diferents i tan allunyats entre si que ens lan pen-
sar que n'hi podria haver per tol. El cas meés espec-
tacular és el de la darrera cavilal citada, on s'havien
fet obres d'acondicionament, amargenant el pis | fent-
hi closos de parel seca a manera de patites hahita-
cions. Amagades arreu de la cova s'hi trobaren eines
i resles de ceramica, alguna de les quals era de valor
incalculable com una safa daurada de decoracid sen-
se cap paral-lel andalusi,

COVA DES MORO

There is another use caves have been given
which we have not mentioned yet: water supplying
sites. The Cova de sa Font or Cova das Moro is a
coastal cavern in the island of Sa Dragonera. Its
access, a fissure 13 m. steep, Is not easy at all
although, nowadays, there is a scale made of stones
which facilitates the entrance to the lower zone where
a brackish lake containing lots of pottery fragmenis
can be found. According to the typology of those
materials and as no indigenous pollery is present, wa
assume that aulochthonous people never used it
but that Punic and Roman navigalors cartainly
did, between the IV B.C. and the IV A.D, {EN-
CINAS, 1971). Curiously, thera can also ba found
materials from the Islamic period, although they do
not seem lo indicate that the cave was used as a
hideaut,

CAVES AS ISLAMIC HIDEQUTS

A great number of caves where frightened
Muslims looked far refuge stay today as a testimony
of the dramatic events occurred when Majorcan
Muslim world was devastated. Within this cave, there
can be found almost superficial pottery, as their
gealogical evolution has had no time as to cover the
floor with sediments, Just the visitors action has
braken the abandoned materials,
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Cova dats Amagatails. Taula de lormes de cerdimica mu-
sulmana comuna. 1, ollela de la Cova dels Amagatalls;
2, alfabia amb anses de la Covela des Rovell; 3, ribell o
cossl ca la Cova das Dinars; 4, cossi de la Cova dets
Amagatalls; 5-8, allabies amb canal a la boca de la Cova
des Diners; 7-8, gerres amb decoracid pintada de la Co-
wa des Rovall.

Cava dols Amagaltaiis {Manacor). Table of shapes of
common Muslim ceramics. I, small pot from Cova defs
Amagatalis; 2, large earthanwara [ar with grips from
Covela dos Hovell; 3, wash-bowd or bagia from Cova dos
Diners; 4, basin from Cova dets Amagatalls; 3-8, large
earthenwara jars with stap at the mouth from Cova des
Dimars; 7-8, pitchers with drawn decoralion from Cova
des Rovell,

COVA DE SON SANTMARTI

Un cas curids de caverna amb una finalitat reli-
giosa, en la millor tradicid dels indigenes prehistbrics,
és la Cova de Sant Marti o de Son Santmarti al terme
d'Aleddia. La cavitat ha estat convertida en una
auténtica església amb dos altars, un de dedicat a
Sant Jordi i "altre a Sant Marti. A més dels altars, hi
ha una monumental escala per superar el desnivell
entre el terreny | el pis de la cavitat, ja que la boca és
un abisament del paladar.

Per manca d'evidéncia és dificil d’acceptar-hi
I'existéncia d'un lloc de culte paleocristia o, fins i tot,
anterior al cristianisme; perd, tanmateix, la seva anti-
guitat és ben notable: la primera noticia escrita és de
I'any 1268, quan encara era Sant Marti de Pollenga.
Va esser restaurada diverses vegades. La més im-
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Even inside small and uncomiartable caves there
have bean found some fragments of luxurious pottery
with magnificent glazing; this fact evidences that they
were sure hideouts, as normal users, peasanis and
shepherds, would not have had this ware.

Apart from those broken and damaged materials,
we have found hideouls with complete pieces, lools
and keys, as we explained above. The lwo only cases
which have been serfously described are Covela des
Rovell, in Escorca, and Cova dats Amagalalls, in
Manacor; both being so different and far from each
other that we may assume that there must be some
maore of them all through the island. The second one,
Caova dets Amagatalls, is the most spectacular
example, whare conditianing warks were carried oul
in the form of floor edging and walls without concrete
enclosing small rooms. In the cave, hidden here and
there, there have been found tools as well as pottery
remains, some of them being really valuable, as a
golden luster-painted plate showing a decoration
having no similarily with any other Andalusian piece.

COVA DE SON SANTMARTY

The Cova de Sant Marti or Cova de Son
Santmarll, in the municipality of Alciudia, is & singular
example of a cave used for religious purpose
following the tradition of the prehistoric nafives. The
cavern was transformed into a genuine church with
two altars, one dedicated to Saint George and the
other to Saint Martin. Added to the altars there is a
meonumental scale to avoid the difference of level
belween the ground and the cavern floor, as the
opening comes from the sunk roof.

Allar de Bant Jordi a la Cova de Son Santmarti.

Earnl Jordi"s allar in Cova de Eon Sanfmari (Alcudia).

Due lo a lack of evidences, il 1s difficull fo admit
the existence of a place of cull from the
palasochristian period, or even fram formear times
pravious to chrishianism; bul, in any case, its antiguity
is notable: the first wrilten report dates from 1268,
when it was still dedicated to Saint Martin of
Pallenga, It was restored a few times. The mast
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Cova dels Amagatalls. Taula de lormes de ceramica mu-
sulmana fina. 8-14, safas de la Cova dets Amagatalle; 9,
amb la nscoped BARAKA (la sorl, la gricia do Dédu); 12,
decorada amb daurat; toles les alires, exceple la 14, fo-
ren trobadas en el sau amagatall original; 16-17, olietas
decorades amb manganos esgrafial | cordons de vidnat;
18, safa de la Cova de ses Talaies; 19-20, safes de la Co-
va das Dinars.

Cova dels Amagatalls (Manacor), Table of shapes of fine
Muslim ceramics. 9-14, bowls lfrem Cova dels
Amagatalis: 8, with the Inscription BARAKA (the iuck, the
grace of Good); 12, golden decoraled bowl; every bowl,
but mumber 14, were found in their angingl hide; 168-17,
small pots decorated with manganese gralfite and strings
of glazad; 18, bow! from Cova de sas Talales: 19-20,
boawls from Cova des Dinars,



portant és la reconstruccio dels altars en estil gotic
entre els anys 1632 i 1633. Aixo fou després que el
miracle del Sant Crist d'Alctdia, produit el 24 de fe-
brer de I'any 1507, convertis la cova en un lloc de
gran devocio. Aquest és el miracle en boca dels tes-
timonis dels fets: Faent-sa processd per la esterilitat
del temps...al glorids Sant Marti de la cova; e eixint la
dita processé de la dita cova per tornar-se a la vila de
Alcudia, es estat vist per tots los venerables...que lo
dit crucifici suava d'aygua ab algunes gotes de sanch
(VENTAYOL, 1928).

important work was the reconstruction of the altars in
a gothic style made in 1632 and 1633. Those works
took place long after the miracle of the Sant Crist
d’'Alcudia, occurred in 15607 on February the 24 , so
that from then onwards the cave became a place of
devotion. This is how events happened, told by
someone who witnessed them: walking in a
procession throughout the barrenness of times... in
honour of Sant Marti of the cave, the blessed; and
going such procession from the cave to the village of
Alcudia, every personality there could see.. that the
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Malgrat la gran afluéncia de fidels que hi anaven
en pelegrinatge des de tots els pobles de Mallorca, la
devoci6 va anar minvant. Tant és aixi que I'any 1827
s’hi suprimeix el culte per I'estat indecoros d’abando-
nament en qué es trobava, car fins i tot s’hi guardava
bestiar.

Restaurada I'any 1887 per la Societat Arqueolo-
gica Lul-liana és avui en dia un monument ben digne,
mancat, pero, del fervor popular d’'un temps.
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LES COVES TURISTIQUES DE MALLORCA
THE TOURISTIC SHOW CAVES OF MALLORCA

Joaquin GINES® 2

Resum

Actualment hi ha a Mallorca un total de cinc coves habilitades per a la visita turistica,
Les dues més destacables, tant per la seva bellesa i espectacularitat com per las dimen-
sions que assoleixen, son les Coves d'Arta (Capdepera) i les Coves del Drac (Manacor).
Ambdues cavitats compten amb una llarga histéria de treballs d’habilitacid i incursions més
o menys organitzades, a partir de mitjan segle XIX.

La visita a coves carstiques és, des del comengament de 'afluéncia turistica a la nos-
fra illa, una part rellevant dels atractius que s'ofereixen al viatger. Avui en dia aquesta ves-
sant del nostre patrimoni natural estad del tol integrada en els circuits del turisme de mas-
ses, registrant-se zifres de visilants superiors a les B00.000 persones anuals en el cas de
les Coves del Drac. Cal tenir present que aguesta caverna gaudeix d'un cert renam inter-
nacional, com a resultat dels descobriments que hi va fer el pioner espeledleg francés
Edouard A, Martel I'any 1896,

Abstract

At present, there are in Mallorca five caves suited for touristic visits, two of which out-
stand for their beauty and spectacular appearance as well as for their dimensions: Coves
d"Arta {Capdepera) and Coves del Drac {Manacor). Since the middle of the 19th century both
caves have undergone a long series of conditioning works and more or less organized
incursions,

From the beginning of the tourism boom in our istand, visiting karslic caves constitutes
part of the main atiractions offered to fravellers. Today, this element of our nalural heritage
is well-integraled in the circuils of rass lourism, with more than 800,000 annual visitors in
what concerns Coves del Drac: it must be pointed oul that this cavern has altained a certain
international renown as a result of the discoveries made by the French pioneer speleologist
Edouard A, Marlel in 1896,

Introduccio Introduction

Es innegable avui en dia la trascendéncia que el The significance of the touristic phenomenon

fenomen turistic ha assolit en la configuracio de la
realitat socio-economica del conjunt de I'arxipélag ba-
lear, i de I'illa de Mallorca en particular (BENITEZ et
al., 1994). Per denotar la gran rellevancia que el tu-
risme de masses té en el nostre entorn geografic,
bastara esmentar algunes dades prou il-lustratives:
durant 'any 1993 passaren per Mallorca una xifra de
turistes que superava els 5.000.000 de persones;
aquesta ingent quantitat de visitants suposa de fet el

1 Grup Espelecidgic EST. Palma de Mallorca.
2 Departament de Ciéncies de la Terra. Universitat de les |lles Ba-
lears, Ctra de Valldemossa km 7,5. E-07071 Palma da Mallorca.

within the socio-economical context of the Balearic
islands, with special regard to Mallorca, is
undoubtedly obvious (BENITEZ et al., 1994). The
following figures are illustrative enough of the
relevance reached by mass tourism in our
geographical environment: in 1993 more than
5,000,000 people visited Mallorca; this enormous
amount of visitors represents actually the motor of
Majorcan economy, since the touristic sector
accounts for 65% of the GNF of our isfand.

The subterranean cavities do not remain strange
to these phenomena, but are in close relalion with
them. The share of the Majorcan endokarst to the
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motor de 'ecanomia mallorquina, ja que la participa-
cid del sector turistic s superior al 65 % del Produc-
te Interior Brut de l'illa.

Les cavitats subterranies no han estat alienes a
aquests fenémens, ans al contrari, les relacions que
se'n deriven son del tot destacables. L'aportacid de
I'endocarst de Mallorca a I'oferta turistica inclou dos
aspectes principals. Per una banda hi contribugix
d'una forma activa, ampliant la gamma d'atractius
que 'illa posa a disposicio del visitant; paral-lelament
exizleix una participacio moll més passiva, represen-
tada per |a inclusio de la visita a alguna de les nostres
coves en els recorreguts tipics que efectuen les grans
masses de turistes,

En relacié amb el primer aspecte esmentat, s'ha
de tenir en compte que tant les Coves d'Arta com les
Coves del Drac ja es coneixien bastant temps enrera.
Les seves belleses ja havien estat difoses per viat-
gers de la segona meitat del segle X1X, incidint de
manera decisiva en la fama que amb posterioritat
anira assolint el medi natural de la nostra illa.

Amb 'arribada del tunsme de masses, 'explota-
cig turistica de |les cavernas as va converlir an una
modalitat mes de I'oferta complementaria de que po-
dia gaudir el visitant. La seva importancia quantitati-
va &5 ara per ara molt remarcable ja que, a la gran
gquantitat d'espeleo-turistes potencials que ens arri-
ben anualment, hi hem d'afegir el prestigl internacio-
nal aconseguit per les Coves del Drac arran de les ex-
pleracions d'Edouard A. Martel. Com a exponent de
la magnitud del fenomen es pol afirmar que cada any
més d'1.000.000 dels turistas gue han escollit ia nos-
tra illa per passar les vacances, visiten alguna de les
cinc coves habllitades existents a Mallorca.

El turisme a Mallorca

Al llarg del segle XIX les llles Balears comenga-
ren a atreure nombrosos viatgers, arlistes i gedgrais.
A mes de la ja topica estada a Mallorca, entre 1838 i
1839, del misic polonés Fryderyk F. Chopin i de I'es-
criptora francesa Aurore Dupin de Dudevant (més co-
neguda amb el pseudonim de George Sand), un bon
nombre de vialgers europeus s'interessaren pel nos-
tre arxipglag (FIOL, 1992; SEGUI, 1992). Aquestes
visites es veren afavorides —duranl la segona mei-
tat dal segle passat— per I'establimenl de serveis
reqgulars de vaixells de vapor entre Barcelona i Ma-
llorca, els quals feien més facil 'acces a las nosiras
terres.

Com a exemple paradigmatic del viatger arudit
de finals del segle X1X, cal referir-se a la figura de
I'Arxiduc d'Austria Ludwig Salvator Habsburg-
Lorena. Les llargues estades a casa nostra efectua-
des per aguesl personatge des de I'any 1867, fructi-
ficaren en la publicacié del gran compendi geografic
sobre les Balears litulal "Dve Balearen in Wort und
Bild Geschildert”, obra gue fou premiada amb la me-
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touristic offar includes lwo main aspects. An active
role by which it enlarges the choice of atiractions
supplied to the visitor, and a much more passive one
related to the fact that currant mass lours include a
wisit fo some of our caves.

With regard to the first aspect, it must be taken
into account that both Coves d'Arta and Coves del
Drac were already known in the past. The reports of
their beauly made by travellers in the second half of
the 189th century had a decisive influence on the well-
desarved fame thal the nalural environment of our
island has achieved in the course of lime.

With the arrival of mass tourism, the exploitation
of our caves became an important pari of the
complementary offer to be enjoyed by the visitor. The
large amount of potential tourist-speleologists coming
annually to Mallorca, as well as the international
prestige attained by Coves del Drac since the
explorations undertaken by Edovard A. Martel, make
up for their guantitative relevance. The fact that more
than 1,000,000 of tourists, who choose Mallorca as
their vacational destination, every year visit some of
the five cavas fitted up for thal purpose shows the
great extent of ihis phenomenon.

Tourism in Mallorca

In the course of 19th century, the Balearic islands
started to become the destination point of numerous
travellers, artists and geographers. Apart from the
topical stay in Mallorca of the Polish musician
Fryderyk F. Chopin and the Franch wriler Aurore
Dupin de Dudevant (better known undar tha
pseudonymous of George Sand), a large number of
European travellers became interasted in our
archipelage (FIOL, 1892; SEGUI, 1332), which
access was made easier by the establishment of a
regular steamliner from Barcelgna to Malloreca in the
second half of the last century.

The figure of Archduke of Austria Ludwig
Salvator Habsburg-Lorena is the best example of an
arudita travellar belonging to the end of the 19th
century. The publication of his work “Die Balearen in
Waort und Bild Geschildert”, a greal geographical
compendium awarded with the gold medal al the
Liniversal Exhibition held in Paris in 1878, was the
fruitful result of the long periods he spant in our island
since the year 1867. The Archduke sponsored as well
the arrival in Mallorca of the French pioneer
speleclogist E.A. Martel, with the purpose of exploring
thoroughly Coves del Drac in the Manacor district.
These explorations contributed to build up the offer of
louristic incentives of the island, making of this cave
an unavoidable point of reference for the tourism
visiting Mallorea.

Basidas the above mentioned background, the
real start of a minoritary tourism, as economical
activity, dates back to the beginning of the present
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dalla d'or de 'Exposicid Universal que tingué lloc
a Paris el 1878, Aixi mateix, 'Arxiduc auspicia la
vinguda a Mallorca del pioner espeledleg frances
E.A. Martel, per tal d'explorar detalladament les Co-
ves del Drac, del municipi de Manacor. Aquesles ex-
ploracions contribuiren de manera notable a confor-
mar el bagalge d'alractius turistics oferts par l'illa,
arribant-se a converlir I'esmentada cova en un punt
de referencia obligat per al turisme que visita Mallorca.

Paro a part dels antecedents exposats, 'inici
real d'un turisme —eancara de minories— s'ha de
situar a principis del segle present. A partir de 1903
comencen a obrir les portes els primers hotels de lu-
x@, | es crea també en aquells moments (1905) la so-
cietat denominada Fomento def Turismo de Mallorca;
aquesta entitat fou fundada amb la finalitat de pro-
mocionar I'illa en els mercats estrangers i promoure
empreses hoteleres | de serveis turistics, aixi com fa-
cilitar 'accés als paralges pintorescs. D'agueixa ma-
nera s'arriba I'any 1933 a una oferla d'allotjament de
3.300 places, que acolliren una quantital de luristes
propera a les 30.000 persones.

La Guerra Civil Espanyola i, lot seguit, |'esclat de
la Segona Guerra Mundial suposaren un parentesi en
el desenvolupament turistic de Mallorca. Alguns anys
més tard, ja durant la década dels 50, és quan co-
menga la trajectéria ascendent de 'afluéncia de tu-
risme ales nostres terres, encara que es tracta de vi-
sitants espanyols en un percentatge superior al 50 %.

En la década dels anys 80 € lloc la verladera ex-
plosid del fenomen turistic, afavorida per la normalit-
zacit economica da I'Europa Oceidental i per |a im-
portancia, cada cop major, del transport aeri no
regular. Aquesta tendéncia metedrica d'increment en
el nombre de turistes, els quals vénen a Mallorca
atrets sobretot pel sol i les platges, es manté de ma-
nera sostinguda fins el 1973, data en la qual s'enre-
gistren magnituds de I'ordre de 200.000 places luris-
tigues i aproximadament 2.800.000 visilants,

La erisi econdmica internacional que té l'inici &l
1973 alecta negativament &l creixement de 'afluén-
cia turistica a |es Balears, fins que I'any 1982 es
repran I'anterior tendéncia expansiva, encara que
amb alguns canvis qualitatius com ara |'increment de
places en forma d'apartaments. En els anys 90 ens
trobam amb un sector turistic mallorqui on es con-
centra el 20 % de |'oferta hotelera espanyola, i que ha
fet de la nostra illa una de les principals destinacions
de vacances a |'estat espanyol. Actualment es tota-
litza un nombre de places que ultrapassa la xifra de
250.000, les quals allotgen una quantia anual de tu-
ristes superior als 5.000.000 de persones, integrada
basicament per visitants britanics i alemanys enun
percentatge proxim al 60 %.

century. The year 1903 saw the opening of the firs
luxury hotels, and also around that time (1805) the
socfety Fomento del Turismo de Mallorca was
founded with the purposes of promoting the island in
the foreign markels and encouraging the
development of hotels and touristic services, as well
as improving the access lo panoramic sites. Thus, in
1933 there was an offer of 3,300 hotel beds that
hosted around 30,000 tourists,

The Spanish Civif War and the folfowing outbreak
of the Second World War were a parenthesis in the
avolution of the Majorcan tourism. The fifties decade
registers an upward trend in the tourism flow towards
our island; nevertheless over the 50% corresponded
to Spanish visitors.

During the sixties decade a real outburst of
tourism takes place, favoured by the normalization of
the western Europe economy and by the Increasing
relevance af charter flights. This dashing tendency of
increase in the number of tourists —arriving to
Mallorea in search of the island's sunshine and
beaches— was mainlained in a susfained way up fo
1973, dale thal recorded an amoun! of approximately
200,000 beds and 2,800,000 wisitors.

Tha world economic crisis thal started in 1973
had an adverse effect in the growth of tourism in the
Balearic islands up to 1882, when the previous
axpansive trend is launched again even if with certain
qualitative changes, as may be the increase of
accomodations by way of apartments. In the ningties,
the touristic sector of Mallorca accounts for the 20 %
of hotel availability in Spain, fact that has made of our
island one of the country's main holiday resoris. Al
prasent the 250,000 existing hotel beds accomodate
annually more than 5,000,000 tourists, of which over
§0% are British and German peaople,

The touristic show caves

The caverns of Mallorca boast a leng tradition of
conditioning works in order to make their visit
accessible to interested people and tourists. Apart
from the adaplations carried out along the 18th
cantury in the famous Coves d'Arta and Coves del
Drac  —wilth which we shall deal laler— at the end
of that century moderate attempls were made to use
also other caves for recraational purposes. In this
sense, we have to mention the conditioning works of
Coves del Pirata (Manacor), inaugurated in 1897, that
ware underlaken on occasion of the «Exposicion
Agricola y Ferias y Fiestas de Manacors» celebrated
that year (ESTELRICH, 1805); consaquantly, this
cave received a small number of visitors during the
first decades of this century, being closed at present.
The opening of the artificial access to the bottom of
Avenc de Son Pou (Santa Maria def Cami) dates back
also to the end of the last century, when more or less
organized incursions were inftlated and continue
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Les coves turistiques

Les cavernes de Mallorca complen amb una llar-
ga tradicic d'habilitacions per facilitar la visita a cu-
rinsos i turistes. Endemas de les adaptacions efec-
tuades al llarg del segle XIX a les famoses Coves
d'Aria i Coves del Drac —de les quals ens ocuparem
després— altres cavitats patiren també a finals del
segle passat alguns timids intents d'utilitzacid amb fi-
nalitats recreatives. En aquest sentit hem de consig-
nar lI'acondicionament, Inaugurat el 1897, de les Co-
ves del Pirata (Manacor) efectuat amb motiu de la
“Exposicion Agricola y Ferias y Fieslas de Manacor”
d'aquell any (ESTELRICH, 1905); aguesta cova va
alreura quantilals minorilaries de visitants durant les
primeras decades del present segle, restant tancada
ara per ara. Tambe data de les darreries dal segle
XIX I'obertura de I'accés artificial al fons de "Avenc
de Son Pou (Santa Maria del Caml), iniciant-se ales-
hores les incursions més o menys organitzades que
encara continuen. Ja més recentment, cal esmentar
I'adaptacid per a visites turistiques de la Cova des
Estudiants (Sdller) on, abans de la Guerra Civil Es-
panyola, es bastiren escales, camingis i instal-lacid
eléctrica; aquesta cavilal no arriba a incorporar-se a
la dinamica de I'expansio del lurisme a Mallorea, i es
roba tancada al pablic,

Avui en dia hi ha cinc coves explotades turistica-
ment a Mallorca (Figura 1). D'aguestes cinc, dues ca-
vitats —les Coves de Campanet i les Coves de Gé-
nova— eslocalitzen a la part meridional de la unitat
geografica constituida per la Serra de Tramuntana.
Les altres tres estan situades a |a costa oriental de
I'illa, 1 entre elles hi ha les localilals més alraclives
tant per la seva magnitud com per la rica ormamenta-
cio natural, que inclou una gran varietat d'espelectemes.

Sanse cap dubte, les Coves d'Arta i les Coves
del Drac rivalitzen per la posicio capdavantera dins
I'ambit de les coves turistiques mallorguines. La pri-
mera compta amb el prestigi i la bellesa que des-
criven les nombroses cites d'erudits i viatgers del
X1¥, aixi com amb gran quantitat de turistes gque la re-
corren actualment. La segona, encara que fou consi-
derada de menor importancia per aguells gue la visi-
taren en la segona meitat del segle passal, es va
vaure benatficiada pals descobriments fets per MAR-
TEL (1886), posseint endemeés al gran atractiu que
representen els seus notables llacs subterranis. Aixi,
les Coves del Drac sdn ara la principal cova turistica
de Mallorca, essent amb molta diferéncia la més visi-
tada.

La Taula | agrupa les principals dades geograli-
quas i historiquas de |es diferents cavarnes da l'illa
que son accessibles al turista, Agquesta taula preten
sistemnatitzar i facilitar la consulta de les dades que
aportarem en aquest capital, on es dedicara un breu
apartat a cadascuna de les cinc cavitats que supor-
ten actualment explotacid turistica.

Per a més detalls sobre determinats aspectes de

194

LFRRA DF
TRAMUNTAMNA

28 .

Figura 1: Mapa de las principals unitats geografiques de Mallorca,
amb |a situacid de les coves turistiques existonts

Figure I: Map of the main geographical units of Mallorca, with
Indication of the axlsiing show caves

today. More recently, the adaptation to visiting tours
of Cova des Estudiants (Sdller) must be mentioned;
befare the Spanish Civil War this cave was equipped
with stairs, paths and electricity, and it was never
incorporated to the dyvnamics of the touristic boom of
Mallarca, remaining nowadays closed to the public.

At present there are in Mallorea five caves thal
withstand tourism exploitalion (Figure 1). Two of them
—Coves de Campane! and Coves de Génova—  are
located in the southern slopes of the Serra de
Tramuntana. Ameng the remaining three caves,
lacated in the eastern coast of the island, there can be
found the most attractive sites both for their extension
and rich natural decoration that comprises a wide
range of spefeothems.

Undoubtedly, Coves d'Arta and Coves del Drac
contend for the leadership of the Majorcan show
caves. The lirst one benelits from the prastige and
beauty recurrantly described by scholars and visitors
of the 18th century, as well as by the numerous
tourists that walk through them currently. The second
ane, although considered less Important by the
former century explorers. was favoured by the
discoveries due to MARTEL (1896) and by the greal
attraction of its remarkable subterranean lakes. Thus,
Coves def Drac has become the major show cave of
Mallorea, being by far the most visited of them all.

Table | groups together the main geographical
and historical data aboul each of the caverns
sccessible to lourists. This table is intended to
provide a systematization and easy consultation tool
of the dala gatherad in the present chapter, which will
contain a brief section devoted to each one of the five
cavities currently exploited far tourism.

More information an specific aspects of the
caves can be found in the corresponding eniry about
every locality, included in the GRAN ENCICLOPEDIA
DE MALLORCA (1989-34), There are also some
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les coves que ens interessen, es poden consultar les
entrades corresponants a les localilats en qlestid in-
closes en la GRAN ENCICLOPEDIA DE MALLORCA
(1989-04). Aixi mateix hi ha algunes monografies,
forga antiquades, que s'ocupen de las ires coves lu-
ristigues classiques de Mallorca: Coves d'Arta, Co-
ves del Drac i Coves des Hams (FAURA Y SANS,
1926; FERRER & COSTA, 1945; SANTAMARTA,
1877).

COVES D'ARTA

Antigament era coneguda lambé amb el topdnim
de Cova de s'Ermita. S'obre an els penya-segals me-
ridionals del promontori costaner del Cap Vermell, en
el municipi de Capdepera.

Encara gue existeixen referéncies sobre aguas-
ta cova gue es remunten als segles XVI1 i XVIII, les
axploracions meés remotes documentades sembla
que daten del 1806, essent per altra banda l'obra de
CABRER (1840) la primera descripcio detallada
d'aquesta important localilat. L'any 1862 1é lloc el primer
aixecament topografic de la cavital, realitzat per'es-
criptor i erudit mallorqui Pere d'Alcantara Pena. Du-
rant la seqgona meitat del sagle XIX aguesla caverna
és recorreguda per nombrosos vialgers europeus,
d'entre els quals esmentarem la visila el 1885 del na-
turalista alemany H.A. Pagenstechear que vingué a
Mallorca acompanyat pel prestigios quimic, compa-
triota seu, R.W. Bunsen (FAGENSTECHER, 1867).
Per a més detalls sobre aquestas gueslions, els in-
teressats poden consultar I'exhaustiva revisio dels
aspectes histbrics de les Coves d'Arta que s'ha pu-
blicat recentment (GINES, 1983).

Les obres d'acondicionament de la cova comean-
cen ja durant el segle X1X destacant, per I'especta-
cularitat, la construccid de I'escalonada d'accés rea-

fauristic show caves.

monographies, rather out-of-date, dealing with the
thrae classical show caves of Mallorca: Coves d'Arta,
Coves del Drac and Coves des Hams (FAURA Y
SANS, 1826; FERRER & COSTA, 1945; SAN-
TAMARTA, 1977).

COVES D'ARTA

In ancient times it was also known by the
foponym of Cova de s'Ermita. It opens in the southarn
cliffs of the coastal promontary of Cap Vermell,
belonging lo the Capdepera district,

Although the first references of this cave date
back to the 17th and 18th cenluries, the earliest
documented explorations are presumably dated in
1806, and the first detailed description of this
important locality belongs to CABRER (1840). In 1862
the Majorcan writer and schalar Pere d'Alcantara
Peiia, laid out the first topographic survay of the
cavern. Among the numerous European travellars
who visited this cave during the second half of the
18th century, we shall mention the visit in 1865 of the
Garman naluralist H.A. Pagensiecher who arrived to
Mallorca accompanied by his fellow countryman and
prestigious chamist R.W. Bunsen (PAGENSTECHER,
1867). Anyone interasted in further information on
historical aspects of Covas d'Arta is relerred (o the
detalled revision concerning thase topics recently
published (GINES, 1993).

Conditfoning works inside the cave wara slarled
already in the 19th century, being remarkable the
construction of the access stairway built on the
occasion of the visit that Queen Isabel Il paid in 1860,
The fact that a Signature Album exists in this site
since 1869 suggesis the prestige it had acquired and
the recurrence of the incursions carried out in the
cave.
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litzada amb motiu de la visita que la Reina Isabel Il va
fer I'any 1860. A partir del 1869 es disposa a la ca-
verna d’un Album de Signatures, circumstancia que
deixa entreveure el prestigi assolit aixi com el carac-
ter ben continuat de les incursions que s’hi realitza-
ven.

Figura 2: Petita guia turistica de les Coves d'Arta editada recent-
ment. La portada reprodueix una aquarel-la del pintor
austriac Erwin Hubert, realitzada devers I'any 1930.

Figure 2: A recently published brief touristic guide of Coves d'Arta.
The cover reproduces a watercolour picture by the
Austrian artist Erwin Hubert, painted around 1930.

L'inici de les visites massives va lligat al naixe-
ment a Mallorca del turisme com a fenomen d’im-
portancia economica, fet que té lloc a principis del
present segle. Aixi, el 1912 s’edita ja un planol-guia
sobre aquesta cova, en el qual es pot constatar que
el preu de la visita era aleshores d'1,5 pessetes per
persona. L'explotacid turistica es perllonga fins els
nostres dies (Figura 2), essent aquesta la cova que
gaudeix de la més dilatada tradicio pel que fa a I'a-
profitament amb finalitats recreatives.

Des d'un punt de vista espeleologic, la cavitat
presenta un recorregut proper als 500 metres. Comp-
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The starting of massive visits is linked to the
outburst of tourism in our island as a phenomenon of
economic relevance, which occurs at the beginning of
the present century. In this context, the first guide-
map of the cave is published in 1912; this booklet
gives evidence that the price of the visit amounted in
those days to 1.5 pesetas per person. The touristic
exploitation goes on up to present times (Figure 2),
having this Majorcan cave the largest tradition in what
concerns its recreational uses.

From the speleological point of view, the cave
reaches about 500 meters of development. lis large
chambers display rich decorations of every type of
speleothems; some stalagmites and columns bear
great spectacularity being even nearly 20 meters
high. Genesis of the cave is related to the evolution,
under vadose conditions, of an old phreatic conduits
network settled on important fractures. It must be
stressed the presence of amazing phreatic
speleothems related to high levels reached by the
Mediterranean sea during the middle Pleistocene.

The descriptive bibliography about the cave is
plentiful (see GINES, 1993). Some remarkable
publications, bearing notable historical interest, are
represented by the works of GAY & CHAMPSAUR
(1885) and FAURA Y SANS (19286), including both
books descriptions and topographies not only of this
cave but also of Coves del Drac, with which we shall
deal below. Figure 3 reproduces the survey of Coves
d'Arta that appears in the above mentioned book of
M. Faura y Sans on the Majorcan caves.

COVES DEL DRAC

This important cavern s located in the
surroundings of the coastal village of Portocristo,
between the temporary watercourse of Torrent de ses
Talaioles and the small inlet of Cala Murta.

The first documented incursion dates back to the
year 1878, and only two years later F. Will laid out a
topographic map that was published in the already
mentioned work of GAY & CHAMPSAUR (1885). At
the end of the 19th century the cave was visited
frequently by travellers from different European
countries, outstanding among them the Archduke of
Austria Ludwig Salvator Habsburg-Lorena previously
cited. This remarkable personage, stirred by the
mistery that surrounded some of the pools existing
inside the cave, sponsored the visit to Mallorca of the
famous French explorer Edouard A. Martel. The
explorations of this pioneer in the field of speleology
materialized in the discoveries of notable
chambers,located far away from a large subterranean
lake that measures 125 meters long covering an area
of more than 2,000 sq. meters (MARTEL, 1896;
1903).

It is necessary to mention the visit to Coves del
Drac of the Rumanian naturalist Emil G. Racovitza,
who collected samples of a blind aquatic crustacean



ta amb amplies sales ben adornades per tot tipus
d'espeleotemes; algunes estalagmites i columnes
s6n molt espectaculars, ja que arriben gairebé als 20
metres d'altaria. La seva genesi es troba relacionada
amb I'evolucio, en condicions vadoses, d'una antiga
xarxa de conductes freatics assentats sobre impor-
tants fractures. Hem de destacar la preséncia de vis-
tosos espeleotemes freatics, relacionats amb nivells
alts assolits per la mar Mediterrania durant el Pleis-
toce mitja.
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that in the year 1905 was described as
Typhlocirolana moraguesi. This event marks out
the beginning of this author’s interest on the cave
fauna, which is considered the milestone that records
the initiation of biospeleology as a scientific discipline.

Although the conditioning works carried out in
this cavity date back to the end of the 19th century,
the fitting up of the new halls just discovered was
undertaken during the two first decades of this
century. Therefore, the more or less massive visits to
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Figura 3: Topografia de les Coves d'Arta, inclosa en I'obra de FAU-

RA Y SANS (1926) sobre les coves de Mallorca.

La bibliografia descriptiva que fa referéncia a la
cova és molt abundant (veure GINES, 1993). Algunes
publicacions destacables, de marcat interes historic,
estan representades per les obres de GAY &
CHAMPSAUR (1885) i FAURA Y SANS (1926); amb-
dos llibres inclouen descripcions i topografies tant de
la caverna que ens ocupa com de les Coves del Drac,
de la qual parlarem tot seguit. La Figura 3 reprodueix
la topografia de les Coves d’'Arta, publicada en |'es-
mentada obra de M. Faura y Sans sobre les coves de
Mallorca.

COVES DEL DRAC

Aguesta remarcable cavitat es troba als voltants
de la poblacio costanera de Portocristo, entre el To-
rrent de ses Talaioles i la petita endinsada de Cala
Murta.

La primera incursié documentada data de 1878,
realitzant-se tan sols dos anys després un aixeca-
ment topografic portat a terme per F. Will, que apa-
reix publicat a I'obra abans esmentada de GAY &
CHAMPSAUR (1885). La cova és visitada frequient-
ment, a les acaballes del segles X1X, per viatgers de

Figure 3: Topographical survey of Coves d'Arta, included in the
work of FAURA Y SANS (1926) on Majorcan caves.

the cave start seemingly around the year 1922. This
date coincides with the first of a series of editions in
different languages of the monography published by
E.A. Martel in 1896 (Figure 4); numerous reprintings
of this work were issued up to the sixties and made
available to visitors as souvenir and popularizing
material.

The electric lighting now in service was installed
in 1934 by the Catalonian engineer Carles Buigas.
Since that date the cave has reached the highest
ranking within the show caves of the island, and today
it is visited by more than 800,000 people annually.
The undeniable beauty of its chambers is
complemented by the attraction of the splendid
subterranean lake named Llac Miramar (known also
as Llac Martel in honour of its discoverer); since the
beginning of the touristic exploitation of the cave, the
visitors were offered the additional inducement of a
short concert played from a boat crossing along Llac
Miramar. Until the construction of a bridge, a few
decades ago, the visitors were forced to cross its
waters by means of several small boats (Photo 1).

This cave is one of the largest in Mallorca,
covering a development of nearly 2,400 meters. It has
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variada procedencia entre els que destaca I'Arxiduc
d’Austria Ludwig Salvator Habsburg-Lorena, al qual
hem let referéncia amb anterioritat. Aques! remarca-
ble personatge, intrigat per la incognita que suposa-
ven alguns dels llacs existents an la cavitat, va pa-
trocinar la vinguda a Mallorca 'any 1886 del
presligios explorador frances Edouard A. Martel. Les
exploracions d'aquest pioner de I'espeleclogia es ma-
tarialitzaren en el descobriment de sales notables, si-
tuades mes enlla d'un gran llac subterrani de 125 me-
tres de llargaria | més de 2.000 m? de superficie
(MARTEL, 1896; 1903).

Cal deixar constancia del pas per les Coves del
Drac del naturalista romanés Emil G. Racovitza, qui
recolli exemplars d'un crustaci aquatic cec, que des-
criuria I'any 1905 com Typhlocirelana moraguesi.
Aquell fet marca l'inici de l'interés d’aquest autor en-
vers la fauna cavernicola, i és considerat la fita que
asszenyala la naixenga de la bicespeleologia com a
disciplina cientifica.

Encara que |es obres d'acondicionament de la
cova es remunten als finals del XX, és durant les
dues primeres décades d'aquest segle quan es pro-
cedeix a I'habilitacid de les noves sales descobertes
poc temps enrera. Aixi, sembla gue és devers l'any
1922 el moment en qué s'inicien les visites més o
menys massives a la caverna. Aqueixa data coinci-
deix amb la primera d'una série d'edicions en diver-
505 idiomes del treball monografic publicat per E.A,
Martel en 1826 (Figura 4); aquests materials divulga-
tius, posals a disposicio dels turistes, foren reeditats
multiples vegades fins els anys 0.

La il-luminacié eléctrica actual de la cavitat fou
realitzada I'any 1934, per I'enginyer catala Carles
Buigas. Des d'aleshores aquesta caverna s'ha anal
col-locant al capdavant de les coves turisliques da
I"illa, rebent avui en dia una quantital de visitants
anuals (1990) que supera les B00.000 parsones. A la
bellesa innegable de les seves sales subterranies,
s'hi afegeix I'al-licient que suposa 'espléndid Liac Mi-
ramar (denominat tamhba Llac Martel en honaor al seu
descobridor); en aquest llac s'ha otert als visitants,
des dels inicis de I'explotacid turistica de la cova,
I'atractiu addicional d'un petit concert executat des
d'una embarcacid que navega pel Llac Miramar. Les
seves aigles s'havien de travessar obligatoriament
amb petites embarcacions (Foto 1) fins a la construc-
cid, fa unes pogques decades, d'un pont gue permet
fer-ho a peu.

La cova que ens ocupa és una de les més grans
de Mallorca, amb un desenvolupament aproximat de
2.400 metres. Té dues oberluras (Figura 5): una és
artificial i porta de manera directa a 'extrem meridio-
nal de les sales descoberies durant les exploracions
de Martal; 'altra és I'entrada natural, la qual s'utilitza
ara per ara com a sortida per al recorregut turistic. La
cavarna consisteix en un vast conjunt d'amplies sa-
les, on els blocs rocosos produits pels reajustaments
mecanics de les voltes de la cavitat es troben coberts
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two openings (Figure 5): the first one being artificial,
leads directly to the southern point of the halls that
came to light during the explorations of Martel; the
other one is its natural entrance used now as exit for
the wvisiting tour. The cavern consists of a vast group
of large chambers in which the rock blocks produced
by mechanical readfustments of its vaulls are covarad
by stalagmitic deposits of an exuberant appearance
(Phelo 2). Altention must ba drawn to the abundant
and beautiful brackish pools, some of them of
remarkable dimensions, that occupy the lower points
of the halls corresponding to the current sea level.
Although MARTEL (1896) considered erroneously
Coves del Drac as a cave formed by sea erosion,
even if of exceptional magnitude, the first stages of ils
formation seem to correspond lo karstic dissolution
produced in a sea-conirolled coastal phreatic
environment (GINES & GINES, 1992, 1894). In that
respecl, the more receni vicissitudes undergone by
the Mediterranean through the upper Pleistocene,
have bean recordad inside the cave by means of good
examples of phreatic speleothems. The first of the

M. E. A. MARTEL

Cuevas del Drac

IBRAGAM|
EN PORTO-CRISTO, ISLA DE MALLORCA

Falteis v Flaps sn oulores @ base de la Mrmoris serds oo el Amearis
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Fiqura 4:  Portada d'une de les ediclons, realiizadas en diversos
Idiomes, de la monogratia d'Edovard A, Martel sobre les
Coves del Diac. Aguests malerials es posaren a disposi-
cio dels luristes, en nombroses readicions fetes durant la
primara meital dal present segle.

Figura 4:  Ona of the aditions, published i differenl fanguages, of
e manography by E_A, Marfel on Coves del Drac, This
malerial was made avallabla to lourists through
consaculive raprinis in the first half of the curcont century.



per uns processos d'estalagmititzacio exuberants
(Foto 2). Cal consignar la preséncia d'abundants |
bells llacs d'aighes salobroses —alguns de notable
extensid— que ocupen les cotes inferiors de les sa-
les, en correspondéncia amb 'actual nivell de la mar.

Malgral que MARTEL (1896} considerava errd-
niament les Coves del Drac com una cova d'abrasio
marina, perd d'excepcional magnitud, les primeres
etapes de la seva formacid sembla que corresponen
a la dissolucio cérstica produida en un regim freatic
litoral, controlat en tot moment pel nivell mari (GINES
& GINES, 1992; 1994); en aquest santit, les vicissi-

Folo 1: Travesia amb barce del Liac Miramar, dit tambaé Liac Mar-
tel en honor al seu descobrider {foto cortesia de Cuovas
dal Drach 5.A.).

Fnolo 7;  Boat navigation across Liae Miramar, named also Liag

Martel in hanour of its discaverer (by courtesy of Cuavas
del Drach 5.4.)

above mentioned papers contains a thorough
discussion on the speleogenstical theorias proposed
for the cavern, with a detailed overview of the
historical aspects relaled fo this important locality.

COVES DES HAMS

it is located in the outskirts of Portocristo,
between two deep incisions representad by the
stream beds of Torrenl de ses Talaloles and Torrent
de na Llebrona. The cavily's toponym alludes to the
abundant excentric stalactites (heliclites) found in its

Fato 2: Les coves lunishguoes da Mallarea as caracterilzen per
l'aspectacularitat | diversitat d'espeleatamas que |as de-
coren (loto cortesia de Cuavas del Drach 5.4},
Phote 2:  The Majorcan show caves are characlenzed by a very
spectacular and variad spelacthems decoralion [ty
courtesy of Cueves del Orach 5.A.)
Cova de
Liwis
Salvadar
Figura 5:

Ptanal recent esquemalitzal de les Coves dal Drac. en el
qual &'han reprasantal 8l recorregul turistic i 1a topoenimia
da les sales pringipals

Figura 5:

Recent sehomalized map of Coves del Dree, displaying
the vigiting tour and the toponymy ol (ts principal
chambers.

COVES _DEL DRAC
Manacor

Cova
Blanca

artidicial
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tuds més recents experimantades per la Maditerrania
al llarg del Pleistocé superior, han quedat enregisira-
des a l'interior de la cova amb bons exemples d'es-
pelectemes freatics. En el primer dels treballs abans
citats es fa una detinguda discussid de les teories es-
peleogenéliques proposades per a la caverna, re-
passant tlambé de forma detallada els aspectes histd-
rics lligats a aguesta important localital.

COVES DES HAMS

Estan situades a prop de Portocristo, entre les dues
profundes Incisions per on discorren respectivament el
Torrent de ses Talaioles i el Torrent de na Liebrona. El
topénim de la cavital al-ludeix a 'abundancia al seu in-
tarior d'estalactites excéntrigues, la forma de les quals
g'assembla a Ia dels hams emprats per pescar.

L'exploracid sistematica de la cova es va dur a
terme el 1905, efectuant-se alguns anys despres di-
verses obres d'habilitacié com I'obertura —"any
1910— de I'entrada actual, que es localitza al ves-
sant septentrional del Torrent de ses Talaioles, El
1912 z'hi instal-la 'enllumenat eléctric, data en qué
es pol situar el comengament de les visites organit-
zades. Aquesla és la primera cova de Mallorca on es
va muntar agquest tipus d'il-luminacid, la qual prove-
nia d'un petit generador mogul per un sall d'aigua;
I'enllumenat eléctric definitiu as realitza 'any 1955.

Figura 6: Topografia de ez Coves des Hams, inclosa en I'obra de
FALIRA Y SANS (1826).
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intarior, which shape resembles that of fishing hooks
{"hams" in the local language).

Its systematic exploration look place in 1905. A
few years later began differant condilioning works
that included the opening, in 1910, of the presenl!
entrance to the cave situated in the northern slope of
Torrent de ses Talaloles. The electric lighting was
installed in 1912, when the organized visils were
slarted. This is the first Majorcan cave that was
equipped with this lype of illumination, supplied by
means of a small waterfall-driven generateor; the
definitive electric lighting was furnished in 1955,

The French naturalist Jacgues Maheu, who
visited this site in 1811, published a description and
the first topography of the cave (MAHEU, 1912). A
later and much more detailed map can be examined
In Figure 6, which reproduces the survey included in
the already mentioned book by FAURA ¥ SANS
{1928).

The cave comprises a series of not too large
chambers that logether cover a course of
approximalely 500 meters. It has lwo accesses. one
of them is formed by & huge collapse that constitutes
the natural entrance to the cavern, while the other
access has bean artificially enlarged and is usaed as
entrancea far the visiting tour. ft presents an abundant
speleothems decoration including a striking group of
helictites. General maorphology of the site s similar to

Figure 8 Topographical survey of Coves des Hams, included in (e
work of FAURA ¥ SANS {1926).



Fou visitada el 1911 pel naturalista francés Jac-
qgues Maheu, qui va publicar amb posterioritat la des-
cripcio i la primera topografia de la cova (MAHEU,
1912). La Figura 6 reprodueix una topografia poste-
rior, molt més detallada i precisa, que apareix inclosa
al'obra ja esmentada de FAURA Y SANS (1926).

Es tracta d'una successio de sales no gaire am-
plies, les quals totalitzen un recorregut proper als 500
metres. Té dos accessos: un s el gran esfondrament
gue constitueix I'entrada natural de la caverna, men-
tre que I'altre accés va ser eixamplat artificialment i
és emprat com a entrada per a la visita turistica. Con-
té una abundant decoracit d'espelectemes, entre els
que destaquen una notable agrupacio d'estalactites
excéntriques. La morfologia general de la cova és
analoga a la de les veines Coves del Drac, presentant
també llacs d'aiglies salobroses que ocupen les co-
les inferiors de les seves sales.

COVES DE GENOVA

Cavitat situada en una barriada residencial dels
afores de Palma, de la qual pren &l seu nom. Fou des-
coberta casualment I'any 1906 en fer una excavacio
per construir la cisterna d'una vivenda. Entre 1932 i
1939 es realitzaren les obres d'habilitacio per a la vi-
sita turistica, i s'obri al public el 1945,

Es una cova de dimensions reduides, que tot
just arriba a uns 200 metres de recorregut. Consta
d'un conjunt de petites sales, on predominen les mor-
fologies d'ensorrament de les voltes, bastant em-
mascarades per variats diposits estalagmitics. Entre
aguests cal esmentar les concrecions d'aspecte co-
ral-loide que es desenvolupen amb relativa abundan-
cia sobre colades i estalagmites.

Té un cert interés bioespeleoldgic, ja que s'hi
han recol-lactat diverses espécies d'organismes
adaptats a la vida cavernicola com és el miriapode
troglobi Lophoproctus pagesi, espécie endémica de
Mallorea i que fins ara es coneix sols d'aquesta loca-
litat.

Aquesta és la cova turistica mes modesla de
I'illa, amb una quantitat de visitants proxima a les
10.000 persones anuals (1991).

COVES DE CAMPANET

Es localitza en les proximitats de |'oratori de Sant
Miquel, en el terme municipal de Campanet. Es co-
neix també amb el nom de Cova de So na Pacs.

El descobriment de la cavitat tingué lloc el 1945,
en eixamplar un petit forat per on sortia un bon co-
rrent d'aire. Durant aquells treballs de desobstruccic
es va trobar un important jaciment paleontologic
—d'edat atribuible al Pleistoce superior— que ha
aportat abundants materials ossis del rupicapri endé-
mic Myotragus balearicus, espécie extingida actual-
ment. L'obertura de la cova a la visita tur{stica va ser
l'any 1948,

that of the neighbouring Coves del Drac and, in the
same mannaer, the lowest points of its halls are also
occupied by small pools of brackish waters.

COVES DE GENOVA

This cave is named after the residential village at
the outskirts of Palma in which it is located. It was
discovered by chance in the year 1906 during the
digging of a well destinated o water-supply purposes
for a private house. Between the years 1932 and
19839 it was fitted up for visits, being opened to the
public in 1945.

It is of reduced dimensions given the scarce 200
meters of its development. It comprises a group of
small chambers in which prevail the morphologies
derived from the collapse of its vaulls, concealed to a
large extent by diversified stalagmitic deposits.
Among these, the coralloidal spelecthems abundantly
developed over flowstones and stalagmites are worth
fo be mentioned.

it offers a certain biospeleological interest
because of the different species of cave-dwelling
organisms that have been collected in this cavern; in
particular outstands the troglobitic miriapod
Lophoproctus pagesi, a8 species endemic of
Mallorca known up to date only from this locality.

This site is the less important show cave of the
island and receives just around 10,000 visitors
annually (1981),

COVES DE CAMPANET

It is located nearby the oratory of Sant Miguel, in
the Campanet district. This cavity is also known as
Cova de So na Pacs.

Its discovery took place in the year 1945 while
enlarging a small hofe that blows away a strong
draught. During the digging works came to light an
important paleoniological deposit prabably dating
from the upper Pleistocene. This deposit has supplied
abundant osseous material belonging to the endemic
rupicaprine Myotragus balearicus, an species today
extinguished. The cave was opened fo visils in 1948.

In 1946 it was explored and examined by the
Catalonian speleologists N. Llopis-Llado and J.M.
Thomas-Casajuana who some years later published
a monographic paper that includes the survey of the
cavern (LLOPIS-LLADO & THOMAS-CASAJUANA,
1948).

its speleomeirical range is moderafe, reaching
around 300 meters. It is formed by a serigs of
chambers with plentiful stalagmitic decoration
covering the rocky blocks, resulting from the collapse
processes that have affected the walls and the ceiling
of the cave. Some assemblages of good examples of
siraw slalactites should be pointed out.
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Fou explorada i estudiada el 1946 pels espeleo-
legs catalans M. Llopis-Lladé | J.M. Thomas-Casa-
juana, els guals publicaren alguns anys després un
treball monografic que inclou la topografia de la ca-
verna (LLOPIS-LLADO & THOMAS-CASAJUANA,
1948).

El seu abast espeleométric s modesl, assolint
tan sols una magnitud propera als 300 metres. Esia
formada per una successid de sales amb abundani
ornamentaci¢ estalagmitica, la qual recobreix els
blocs rocosos resullants dels mecanismes d'esfon-
drament que han afectat les parets | el sotil de la co-
va, S6n destacables alguns conjunts de bons exem-
plars d'estalactites fistuloses.

Conclusions

Les relacions existents entre &l fenomen turistic
de masses, caracteristic de la segona meitat del pre-
sent segle, i les coves acondicionades per al turisme
a Mallorca es materialitzen en els segients aspectes
clau:

- Una notable contribucié d'algunes coves clas-
siques de l'illa —concretament les Coves
d'Artd | les Coves dal Drac—  a l'atractiu tu-
ristic ofert per Mallorca des dels inicis del pre-
sent segle, com a continuacio de la tradicié
vialgera iniciada per erudits, artistes i geograls
de la segona meitat del segle XI1X,

- Laincorporacid de I'explotacid turistica de les
coves carstiques de 'llla a un turisme de mas-
ses d'una quantia del tot destacable. Recor-
dem que les Coves del Drac tingueren, I'any
1990, una xifra de visitants superior a les
800.000 persones.

- L'enorme quantitat de visitants potencials, que
I'ssclat turistic sofert per Mallorca va posar a
disposicio dels propietaris de cavitats habilita-
des per al turisme, ha propiciat un tipus d'ex-
plotacions presidides per un interés fora mida
d'optimitzar el nombre de visitanls que pot
acollir la cova per unitat de tamps. En conse-
gléncia, 5'ha deixat totalment de banda ['ofer-
ta cultural lligada a I'explotacio d'aguest sec-
tor del nostre patrimoni natural: manquen
materials divulgatius de qualitat acceptable en
totes las cavitats, alhora que les explicacions
de bona part dels guies segueixen essent sim-
plistes, arcaiques o fins i tot forassenyades.

Mo és previsible la incorporacio de noves coves
a l'engranatge turistic de l'illa. De fet ja estan habili-
lades les que combinen una gran ballesa amb un fa-
cil accés; endemés no sembla oportl ni necessari in-
cramantar 'oferta d'un recurs natural que ja &s troba
prou explolat en el conjunt del nostre entorn geografic,

Per canlra, consideram molt convenient que |'ex-
plotacio de les coves luristiques de Mallorca sigui
més racional i respectuosa amb el medi natural,
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Conclusions

The relationships batween the mass tourism
phenomenan, that characterized the second half of
this century, and the caves fitted up for tourism in
Mallorca are materialized in the following key
aspecls:

- A remarkable contribution of some classic
caves of the island —in particular Coves
d'Arta and Covas del Drac— 1o the touristic
attraction afferad by Mallorca since the
beginning of this century, as continuation of
the travelling tradition iniciated by scholars,
artists and geographers at the second half of
the 19th century.

- The incorporation of the exploitation of
Majorcan karstic caves to a mass tourism of a
highly relevant extent. It must be recalled that
in 1990 Coves del Orac were visited by more
than 800,000 peaople.

- The great number of potential visitors, that the
tourist boom registered in Mallorea has made
available to the owners of show caves, has
favoured a type of developmant with an
excessive interest to alfow for the larges!
possible number of visitors to the cave per unit
of time. Consequently, the cultural aspects
ralafed to the exploitation of this sector of our
natural heritage has been almost totally
neglacted: in all caves there is a lack of
popuwlarizing material fairly acceptable, while
the explanations given orally to tha tourists by
a great number of guides are siill too simple,
obisolete or even crazy.

it is not likely that new caves will be incorporated
fo the touristic activity of the island, The caverns that
combine the greatast beauty and the easiest access
are in fact already conditioned; moreover it (s not
cansidered neither convenient nor necessary 1o
inerease the offer of a natural resource already too
exploited in the whole of our geographical area.

On the conlrary, it seems quite necessary lo
make the axploitation of the Majorcan show caves
mare rational and friendly towards the natural
environmeant, less massified and more sensible with
the cultural inducameants holded on by our caves. It
must be taken into account that these scientific and
cultural aspects are widely demandad by a tourism of
higher quality, theoretically targatad by the local
economic and political powers.



menys massilicada, | molt més sensible amb el ves-
sant cultural que ofereixen les nostres cavitats. Cal
tenir present que aquests aspectes cientifico-cultu-
rals son ampliament demandats pel turisme de quali-
tat creixent, que els poders economics i politics locals
en teoria persegueixen com objectiu.
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CONSERVACIO DEL CARST | LES COVES
A MALLORCA

CONSERVATION OF THE KARST AND CAVES
OF MALLORCA

Angel GINES ' 2 & Joan MAYOL *

Resum

L'extensid | caracteristiques dels paisatges carstics mallorquins als confereix una im-
portancia notable des dels punts de vista geomaorfologic, ecoldgic | paisatgistic. S'analitzen
els problemes més importants que els poden afectar, entre els quals destaquen al vanda-
lisme, les alleracions per obres dinfrastructura hidrica i I'ds incontralat pels esporis
d'aventura. S'examina I'estat de conservacid tant de 'exocarst com de les cavitals, consi-
derat satisfactori en termes generals. Finalmeant, | en el contex! de les normes | recomana-
cions europees, 8s proposa un conjunt de mesures i criteris de proteccid per garantir la con-
servacio d'aquest patrimoni natural.

Abstract

The extension and characteristics of the karstic landscapes of Mallorca confer them a
notorious relevance from the geomorphological, ecological and scenic point of view.
Disturbances produced by hydrological alterations, cave vandalism and the uncontrolled
practice of adveniture sports are here analysed as the most important problems which may
have an effect on the above mentioned aspecls. The current state of consarvalion of both
exokarst and cavilies is examined and is considered, in general terms, as salisfactory.
Finally, within the context of the European norms and recommendations, a set of protection
measures and land use criteria is proposed in order o guaraniee the conservation of this

natural heritage.

Introduccio

Els processos de dissolucio a la superficie i a I'in-
terior de les roques carbonatades, predominants a
Mallorca, han generat fendmens carstics diversos |
abundants: camps de lapiaz, dolines, congosts, co-
ves, avencs i surgéncies carsliques (GINES &
GINES, 1989). Aquest conjunt és una part molt signi-
ficativa del patrimoni natural illenc, ja que representa
un fenomen d'elevat interés cientific i cultural, tant
des del punt de vista geologic com bioldgic; la biodi-
versitat propia d'aquests ambients, amb una elevada

1 Grup Espaleolbgic EST. Palma de Mallorca.

2 Museu Balgar de Ciéncies Naturals. Ctra Palma - Port de Sdller
km 30. E-07100 Sdller (Mallorca).

3 Coenselloria d'Agriculiura | Pesca del Govern Balear. G/ Foners, 10.
E-07008 Paima de Mallorca.

Introduction

The dissaolution processes undergone on the
surface and inside of carbonate rock outcrops, which
are predominant in Mallorca, have generated diverse
and abundant karstic phenomena: karrenfields,
dolines, canyons, caves, shafts and karstic springs
(GINES & GINES, 1989). This set of landforms is a
very significant part of the island natural heritage
because it represents a phenomenon of great
scientific and cultural interest, both from the
geological and the biological perspectives. The
biodiversity, with a high rate of endemic species
inherent to these environments, confers them an
obvious conservationist priority. Finally, ils agsthelic
value is well-known and it generates touristic and
sports activities not lacking economic profits.
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taxa d'endemisme, li confergix una clara prioritat con-
servacionista. Finalment, el seu valor estélic esta fo-
ra de dubte | genera usos turistics | esportius no des-
proveits de vessant econdmic.

La incidencia de la carstificacié es manifesta
enérgicament en el paisatge | contribueix molt al sin-
gular atractiu escénic de distints sectors de la Serra
de Tramuntana (Fote 1), com el gue s'estén entre Po-
llenga i Lluc, o 'area de sa Calobra i Torrent de Pa-
reis. Les espectaculars morfologies de lapiaz son, in-
dubtablement, un dels trets mes representalius dels
excepcionals valors paisatgistics de la zona septen-
trional de |a serralada.

™

Foto 1: Paisatge carstic de muntanya a les rodalies del Puig Ma-
jor {Escorca). Els principals cims de la Serra de Tramun-
tana estan formats per calciries mesozoiques.

Photo 1:  Karstic mountain landscape nearby Puig Major
(Escorca). The main peaks from Serra de Tramuntana
are formed of Mesozolc limestones.

A l'interior dels terrenys calcaris, la presencia de
coves i avencs, alguns dels quals comengaren a ser
visitats al s. XIX, constitueix un recurs natural de con-
siderable importancia que ha atret tradicionalment
l'interés de cientifics, visitants | adhuc &l turisme mas-
siu. Sols en els darrers trenta anys s'ha assalit un co-
neixement suficient de la riquesa espeleoclogica del
carst mallorqui (GINES & GINES 1987): avui estam
en condicions de valorar, des dels punts de vista ge-
oldgic, biologic | recreatiu, aguest notable patrimoni
sublerrani.

Els fenédmens carstics tenen importants conno-
tacions conservacionistes, relacionades amb el seu
manteniment i I'us public del patrimoni paisatgistic i
natural, en especial en el seu vessant turistic. Son
necessaris | urgents uns criteris de seguiment i ges-
tié que permetin garantir un Us racional d'aquests re-
cursos en el futur immediat.

Problemes de conservacio del
carst mallorqui

De manera analoga a la major part dels terrenys
carstics del mon (WHITE, 1988; FORD & WILLIAMS,
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The incidence of karstification appears strikingly
in the landscape and it contributes in great measure
to the singular atiraction of different areas of the Serra
de Tramuntana (Photo 1), as those beiween Pollenca
and Liuc or the famous one of Sa Calobra and Torrent
de Pareis. The spectacular karren landforms are
undoubtedly one of the most representative sights of
the exceptional landscape in the northern side of the
Serra.

Inside the limestone terrains, the existence of
caves and shafis, some of them already visited in the
19th century, constitutes a natural resource of
considerable importance which has traditionally
atfracted the interest of scienltists, visitors and even
mass lourism more recently. Just in the last thirty
years a sufficient knowledge of the speleologic weallh
of the Majorcan karst has been reached (GINES &
GINES, 1987). Thus, nowadays we are able to assess
from a geological, biological and recreational
perspective such noteworthy subterranean heritage.

Karstic phenomena involve important
conservationisi connotations related to ils
maintenance and public use of the landscape and
natural heritage, especially in what concerns tourism.
Some criteria regarding monitoring and management
which permit a rational use of these resources in the
near future are necessary and urgent.

Conservation problems
concerning Majorcan karst

As in most of the karslic areas in the world
(WHITE, 1988; FORD & WILLIAMS, 1989; LOPEZ-
MARTINEZ & DURAN, 1989; YUAN, 1991) the
Majorcan karst shows a set of specific conditionants
that influence the human use of the territory. The
main environmental factors that have an effect on
karst are: the exploitation of limestone or dolomite
quarries; the extraction of sublerranean karstic
waters and the captation of the superficial ones; the
development of facililies for the access of mass
tourism to caves or singular places; and the needs for
infrastructure related to the protection of archeo-
logical sites. Among these problems stand out the
hydrogeological ones which are additionally
complicated by the coastal character of the Majorcan
water-bearings.

Up to the seventies, the most significant
degradation proccesses that had influenced the
Majorcan karst were: the dumping of waste and
residual walters in some karstic swallow holes;
occasional quarry and building activities and, in many
cases, vandalism against the rich decorations af
speleothems in easily accessible caves. An example
of cavity seriously damaged by quarry works are
Coves des Marmol in the Serra de na Burguesa.
Fortunately, this exploitation is no longer present in



1989; LOPEZ-MARTINEZ & DURAN, 1989; YUAN,
1991) el carst mallorqui presenta una sarie de condi-
cionants especifics que influeixen en la utilitzacio hu-
mana del territori. Els principals problemes ambien-
tals que els afecten consisteixen en: I'explotacio de
pedreres de calisses o dolomies; I'extraccio d'aigles
subterranies carstiques i la captacio de les superfi-
cials; el desenvolupament d'infrastructures turisti-
ques per a visites massives a coves o indrets singu-
lars; i els relacionats amb la salvaguarda de
jaciments arqueolbgics. D'entre aquests problemes,
excelleixen els hidrogeologics, complicats addicio-
nalment pel caracter costaner dels aqlifers ma-
llerquins.

Fins als anys 70, els processos degradatius re-
llavants que havien afectat el carst mallorqui consis-
tien en I'abocament de residus solids | aigles resi-
duals en alguns engolidors carstics, algunes
actuacions de canteria o construccio i nombrosos ca-
s0s de vandalisme sobre la rica decoracio d'espelac-
temes a coves de facil accés. Uns exemples de cavi-
tats severament afectades per una pedrera son les
Coves des Marmol, a la Serra de na Burguesa. Afor-
tunadament, aquesta explotacio no es dona ja a cap
cavitat. lgualment, s'han reduit els casos d'aboca-
ments, encara que no han desaparegut completament.

El vandalisme és un problema greu, ja que els
efectes de destruccio de formacions son irreversibles
i acumulatius. Sols es pot combatre amb educacio i
sensibilitzacld, a les guals s'han consagrat diferents
esforgos, que caldria incrementar.

L'Gs recreatiu de distintes zones carstiques ma-
llorquines s'na incrementat molt en els darrers anys.
Aquest fet és conseqiéencia de la millora de la xarxa

Foto 2:

Exemplars de 'amfibi Alytes mulalensis, descobar re-
cantment en diversos torrents carstics de Mallorca. En-
cara que la seva descripcio clantifica com a espécie
endémica de les liles Balears va ésser publicada el 1377,
ja era conegul amb el nom popular de Serrerel” pels ha-
bitants de les zones més esquerpes de la Serra de Tra-
muntana (foto cortesia de Gerardo GARCIA, Zoo de
Barcalona).

Photo 2:

Spacimens of the amphibian Alytes muletensis,
recently discovered in different karstic canyons of
Mallorea. Although its scientific descriplion as an
endemic species of the Balearic Islands was published in
1977, it was already known a5 ferreret” by the people
inhabiting the wildest areas of Serra de Tramuntana
{phota by courtesy of Gerardo GARCIA, Zoo de
Barcelona).

viaria, la disponibilitat de temps de lleure, la moda
dels esports d'aventura | de l'interés public pel mon
rural. La declaracio d'espais naturals protegits és
conseqiéncia | estimul d'aguest interés, i n'incre-
menta |'ls public.

Aixi, juntament amb els excursionistes i espe-
ledlegs genuins | informats, accedeixen a agquests in-

any cavily. Dumping has also decreased even if has
not disappeared allogether.

Vandalism represents a great problem as its
destructive effecis are irreversible and accumulative.
It can only be eliminated through educational and
awareness programmes which have already been
launched, but need fo be further enhanced.

Within the last years, the recreational use of
some Majorcan karsi localilies has registered an
imporiant increase as a result of the improvement of
the transport network, the availibily of leisure time,
the adventure sporis fashion and the general interest
on the rural world. The declaration of natural
prafected areas becomes thus a consequence of and
an incentive lo that interest, while at the same time it
increases their public use.

Moreover, together with genuine and careful
ramblers or speleologists, a number of tourists and
sporadic visitors have access to these places. The
latter are more attracted by the merely recrealive
features and wilderness of such areas than by the
morphological singularities, fauna or vegefation.
Karstic gorges of the Serra happen o be overvisited
in summer and spring, certainly suffering from a risk
of alteration in the biotopes of the singular amphibian
endemism Alytes muletensis (Photo 2). The shafts
and caves beiter known are frequently visited not only
by speleclogists, but also by unconirolled dilettantes
and speleotourists lacking either formation and
supervision. The cave-dwelling fauna, rich in endemic
species, is under the risk of being disturbed by this
excess of transit and by the deposition of
miscelfaneous rubbish, such as carbide-lamps
residuum and electric batteries.

To resume, during the last few years, to the
traditional problems (such as quarrying, pollution and
salinization of water-bearings, overwhelming com-
mercial use and vandalism) must be added the new
ones that stem from an increasing demand of
recreational fand use generated by both autochthonous
inhabitants and tourists (MAYOL & MACHADO, 18582).
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drets visitanis esporadics, lurisles | diumengers mes
interessats en els aspectes purament esportius o de
bauxa oferts per la suposada solitud, que no per les
singularitate morfolégiques, la fauna o la vegetacio.
Els canyons carstics de |a Serra estan, per tant, so-
brevisitats durant la primavera i I'estiu, amb un risc
cert d'alteracid dels bidtops del singular endemisme
Alytes muletensis (Foto 2). Els avencs i les coves
més coneguls son freqientats tant per espeledlegs
com per diletants incontrolats | espelecturistes, sen-
se formacia ni supervisid. La fauna cavernicola, rica
en endemismes, corre el risc de sofrir pertorbacions
per aquest transit excessiu | la deposicio de restes di-
versas, com son els residus de carburers o piles alec-
triques.

En resum, en els darrers anys, als problemes tra-
dicionals (explotacié mineral, contaminacia | salinit-
zacld dels aglifers, ds comercial | vandalisme), sa
sobreposen els nous, derivats de I'increment de la
demanda d'usos recreatius del territori, generada tant
per la poblacid autdctona com pel turisme (MAYOL &
MACHADO, 1892).

Estat actual de conservacié
de I'exocarst mallorqui

ELS CAMPS DE LAPIAZ

Les morfologies de lapiaz estan amplameant dis-
tribuides, amb una gran varietat tipologica, sobre els
extensos afloraments calcaris de I'illa. S6n un ele-
ment predominant al paisatge del sector septentrio-
nal de la Serra de Tramuntana (GINES & GINES,
1989).

Els camps de lapiaz de s'Esquetjar de Moncaire,
sa Mitjania, sa Calobra, sa Torre de Lluc, es Pixarells,
Martitx, Coma de les Truges i el Rellar de Son Mare,
situats entre els 200 i els 700 metres s.n.m., consti-
tueixen algunes de les millors localitats de lapiaz plu-
vial del territori europeu. Per sobre dels 800 metres
s.n.m. hi ha també bons exemples d'aguestes morfo-
logies, en especial al Puig Major | al Puig de Massa-
nella. A la periféria de la Serra es troben microformes
de dissolucio, menys especlaculars, desenvolupades
en condicions climatiques semi-arides, entre les
quals assenyalarem Coves Blanques i el Cap de For-
mentor. La presarvacid d'aquesta diversitat morfold-
gica és una tasca relativament facil, prioritaria en
qualsevol cas pels seus valors geologics i paisatgistics.

L'estat de conservacit dels camps de lapiaz és
molt bo, afortunadament, excepcio feta d'alguns
punts excessivament visitals dels voltants de Lluc. Es
important gue la planificacid urbanistica dels munici-
pis, i la general que pugui afectar el futur Parc de la
Serra de Tramuntana, determini la proteccid
d'aquests recursos geomorfologics i els seus valors
paisatgistics i recrealius. Aquesla proteccid és sen-
zilla: cal simplement estalviar aquestes arees d'alte-
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The state of conservation
of Majorcan exokarst today

THE KARRENFIELDS

Karren fealures are widespread in Mallorca
showing great typolagical variability all through the
extensive limestone outcrops. Thaey are predominarnt
in the scenery of the northarn sector of the Serra de
Tramuntana (GINES & GINES, 1988).

The karrenfields of 5'Esquetjar de Moncaire, Sa
Mitiania, Sa Calobra, Sa Torre de Liue, Es Pixarelis,
Mortitx, Coma de les Truges and El Rellar de Son
Marc, all located between 200 and 700 meters a.5.1.,
constitute some of the best examples of pluvial karren
in Europe. Over the 800 meters a.s.l. there are also
good examples of these lealures, especially in Puig
Major and Puig de Massanella peaks. In the
surroundings of the Serra it can be found solutional
micraforms not so spectacular thal have been
developed under semiarid climatic condilions, as in
Coves Blanques and Cap de Formantor. The
preservation of this morphological divarsity is
relatively an easy lask, but in any case it is a real
priority due to its geological and scenic values.

Fortunately, the state of conservation of the
karrenfields is rather good, with the exception of
some overcrowded points around Liue. Itis important
that both the municipal urbarnistic planning, as well as
the general management affacting the future Park of
Serra de Tramuntana, determinates the protection of
these geomorphological rescurces and their
landscape and recreationaf values. This protection is
simple enough. it is just necessary to avoid the further
alteration of those areas through the excessive
construction of houses or infrastructures, whereas the
actual land uses {mainly agricultural) which have
been proved fully compatible should be maintained,
An interesting conilict is possible when the decrease
of cattle or forestal prassion represents an increase
of the arboreous cover on the karrenfields, which al
the same time could hinder their appreciation as a
whole (e.qg., Es Camell de Liug). This process has
already begun here and there and it seems really
difficult to find a general solution. It may be wise fo
evaluate separately each particular case.

Small karren fealures and other dissolution
microforms are common in the Mesozoic limestones
and dolomites from Serres de Lievant, and afso in the
tabular Miocene of Migjorn. Interesting karren forms
can be found mainly in the littoral border.
Presarvation of these litteral morphologies is really
uncertain as a result of the touristic boom and the
intensive building-up along the coast.

THE KARSTIC DEPRESSIONS

The existence of karstic depressions, mainly
dolines, is a very characteristic feature on those
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racions per construccio de vivendes o infrastructures,
tot mantenint-hi els usos actuals (agraris) que s'han
demaostrat compatibles. Es pot donar un conflicte in-
leressant guan la disminucio de la pressic ramadera
o forestal determina un increment de la coberta arbd-
ria sobre els camps de lapiaz, impossibilitant la visid
de conjunt; agquest procés s'ha iniciat ja en alguns in-
drets i és dificil preconitzar una solucid Gnica. Sem-
bla prudent que cada cas concret sigui avaluat de ma-
nera particular.

Petites morfologies de lapiaz i altres microformes
de dissolucid abunden a les calisses | dolomies me-
sozbigues de les Serres de Llevant i al Miocé tabular
del Migjorn. En especial,. la banda litoral inclou extra-
ordinaries representacions de lapiaz costaner. La
preservacio d'aquestes moriologies és més incerta
per I'expansid turistica i la urbanitzacid intensiva de
la costa.

LES DEPRESSIONS CARSTIQUES

L'existéncia de depressions carstiques, dolines
principalment, s un tret molt caracteristic dels te-
rrenys conslituits per roques solubles. Hi ha bons
exemples, a Mallorca, de grans depressions tanta la
Serra de Tramuntana (Coma de Son Tarrella, Clot
d'Albarca) com a la plataforma miocena del Migjorn
(Comes de Son Granada). Son freglients els grups de
dolines al sector septentrional de la Serra, entre For-
nalutx i Pollenga, de preséncia sols ocasional a la
resta de l'lla.

L'estat de conservacié geomorfolégic, hidrologic
i paisatgistic de les depressions carstiqgues mallor-
quines és prou satisfactori, gracies als usos acluals
compafibles amb aquesta conservacio. En el cas dels
grups de dolines, el seu seguiment i preservacio ha
de ser una de les funcions del futur pare natural, al
nucli central de la Serra.

Els grups de dolines més interessants des dels
punts de vista botanic | ecologic, son els d'altitud mit-
jana, entre els 300 | 600 metres s.n.m., on creixen
distintes espécies calcifuges, dominades pel Bruc,
Erica arborea (GINES ef al., 1989). El manteniment
d'aguesta comunitat vegetal, singular a l'illa, esta re-
lacionat amb el “socorrat” periodic del carritx, Ampe-
lodesma mauritanica, per fer possible la seva pastu-
ra per ovelles. Els sols descarbonatats i la capacitat
de rebrot posterior a l'incendi sén fonamentals per ex-
plicar aquesta associacio vegetal (Foto 3), que inclou
la falguera Ophioglossum lusitanicum | distints
liguens rars. Cal preveure 'adequada conservacia
d'aquestes dolines, tant pel seu interés geomorfolo-
gic com botanic.

ELS CANYONS CARSTICS

Alguns dels torrents que solguen la part més
abrupta de la Sarra de Tramuntana excel-leixen per
la seva morfologia, trets geolégics, valor ecolégic i

terrains composed by soluble rocks. In Mallorea there
are good examples of great depressions. both in the
Serra de Tramunilana (Coma de Son Torrella, Clot
d'Albarca) and in the Miocene platform of Migjorn
{Comes de Son Granada). Dolines assemblages are
frequent in the northern side of the Serra, befiween
Farnalutx and Pollenga, being just occasionally
present in the rest of the island.

The geomorphological, hydrological and
recreational state of conseirvation of the karstic
depressions is quite satisfactory, due to the current
land uses that are compalible with it. Concerning the
dolines, its preservation and monitoring should be
one of the aims of the future Natural Park fo be
established within the Serra central area.

The more interesting doline assemblages, from
the botanical and ecological point of view, are those
locafed in a medium altitude, betwean 300 and 600
meters a.s.l., where some calcifuge species grow
(GINES et al., 1989), being dominant the heath Erica
arborea. The maintenance of such vegetal
community, very rare in the island, is related lo the
periodical burning of the grass Ampelodesma
mauritanica, to make it suitable for sheep pasture.
Decarbonated soils together with the capability of
sprouting after the fire are fundamental to explain this
vegetal association {Photo 3), that includes the

Foto 3: Fons de dolina en els terrenys carstics des Castellots
(Escorca), cobert per una comunitat vegetal en la gual
predominen als brucs de 'espécie Erica arborea.

Pheto 3:  Doline boltem on the karslic terraing of Es Casteliots
(Escorca), covered by a vegetal community demingted by
the heather Erica arborea.

pteridophyte Ophioglossum lusitanicum and some
rare lichens. An adeguate conservation of these
dolines should be foreseen, since they involve so
much geomorphological and botanic interest.

THE KARSTIC GORGES

Some ravines that plough the most abrupt area
of Serra de Tramuntana oulstand for their beauty and
their morphological, geological and ecological values.
They are narrow and deep gorges, developed along
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bellesa. Es tracta de canyons estrets i profunds, de-
senvolupats a favor de fraclures, al fons dels quals
s'han excavat gorgs on es mante aigua guasi tot
'any. En aguest ambient de caracteristiques singu-
lars viu el Ferrerat, Alytes muletensis, un dels mas
notables endemismes representatius de la fauna
autoctona balear (ALCOVER et al., 1984).

Fins fa una vintena d'anys, aquests torrents eren
inexplorats per mor de les dificultats d'accés. Avui,
I'auge dels esports d'aventura, i en particular el ba-
rranquisme, ha sotmes aguests ecosistemes fragils |
vulnerables a una freqientacio intensa que lal vega-
da sobrepassa la seva capacitat de carrega. Un altre
problema dels torrents és I'abocament d'aigues resi-
duals de la inddstria d'embotellament d’aigua, que en
deterioren les caracteristiqgues quimiques; aquest
factor &8s greu, ja que les condicions carstiques i el
cahdal feble d'aguests torrents els permeten una ca-
pacitat d'autodepuracio forga reduida. Afortunada-
ment, algunes embaotelladores han adoptat en els da-
rrers anys sistemes de depuracid. L'abocament de
residus doméstics (Torrent de na Mora), I'explotacio
agricola intensiva amb usos importants de pesticides
i adobs (Torrent Fondo de Mortitx) o les obres d'in-
frastructura hidraulica (Tarrant de Pareis, Torrent
d'Almadra), sén factors complementaris de degrada-
cid. L'estat general dels torrents ha sofert canvis na-
gatius per la juxtaposicio dels diferents factors,

Les mesures de proteccid sobre aguests ecosis-
temes son urgents, per la singularitat dels seus valors
i 1a limitacid de la seva extensid. La gestio que s'hi
apliqui determinara la supervivéncia dels seus biova-
lors, | en especial del Farrerel, espécie considerada
prioritaria a la Directiva 92/43/CEE de la Comunitat
Europea. Calen mesures decidides de control | se-
guiment d'aquests habitats (Foto 4), que hi garantei-
xin 8l manteniment de les condicions fisiques i gui-
miques.

Estat actual de conservacio
de I'endocarst mallorqui

LES COVES TURISTIQUES

Das dels inicis del 5.X1X, els viatgers que arriben
a Illa deixen constancia de les visites gquiades a les
Coves d'Arta i les Coves del Drac, les cavitats de més
prestigi de Mallorca, pear les quals passaren perso-
natges tan famosos com Jules Verne o Sarah Bern-
hardt. Aquest seria 'origan de I'explotacid turistica de
les coves mallorquines (Foto 5). Ja en el nostre se-
gle, s'han ategit a aquest (s les Coves des Hams, Co-
ves de Génova | Coves de Campanet. N'hi ha d'allres
on aquesta explotacio va ser realitzada i posterior-
ment abandenada: les Coves del Pirata i la Cova des
Estudiants. L'Avenc de Son Pou és utilitzat també per
visites, perd de forma menys infensiva.
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fractures, in which bottomn some pools that contain
water nearly all through the year have been carved. It
is in this characteristic environmenl where the
“Farraret", Alytes muletensis, one of the maost noted
andemism representative of the avtochthonous
Balaaric fauna (ALCOVER et al., 1984) dwells,

Uintil two decades ago these streams remained
unexplored due fo the difficult access. Now, the peak
of adventure sports and particularly of gully-trekking
produces an excessive amount of visitors which
probably overwhelms the loading capacily of these
fragile and vulnerable ecosystems. Another problem
regarding streams s the dumping of sawage coming
from the water bottling industry. Because it
deteriorates the chemical characteristics of the watar,
this is a rather serious problem, as the karstic
conditions and the weak discharge of such kind of
stream parmil just a low rate of self-purification.
Fortunately, during the last years some bottling
factories have applied depuration systems. The
dumping of domestic residuum {Torrent de na Mora),
the intensive agricultural exploitation, together with
the important use of pesticidaes and leriilizers (Torrent
Fondo de Mortitx), or the hydraulic works (Torrent de

Falo 4: Els torrents carstics de la Sarra da Tramuntana constl-
tuelxan un bidlop fragil, gue cal protogir adequadamant

Pholo 4:  The karstic gorges in Serra de Tramuntana constiiule a
fraglle bioiope which should be adegualely protected in
the Future,



La importancia turistica i econdmica d'agquestes
visites s prou gran, ja que les coves son |'eix d'ex-
cursions organitzades de gran prestigi, entorn de les
fquals es mou una inddstria de transport, restauracio
i venda de “souvenirs” quantitativament important.
Assenyalem, a titol d'exemple, que les Coves del
Drac (Foto 6) son visitades per 600.000 a 800.000 tu-
ristes anuals. La imatge i renom que les coves han
aportat a la inddstria turistica de Mallorca sén molt re-
llevants. Malgrat aixd, les adaptacions de les caver-
nes a les visites no han estat sempre prou respec-
tuoses ni imaginatives. En sdn excepcions la
luminotécnia de Carles Buigas a les Coves del Draci
la grandiosa escala de les Coves d'Arta, bastida en
ocasio de la visita d'Isabel |1, al 1860.

Foto 5: Inscripcions corresponents al segle XIX, feles damunt los
colades estalagmitiques que voregan el Liac de les Deli-
cies, a les Coves del Drac (Manacaor).

Photo 5:  Nineleenth century inscriptions found on the flowslones
surrounding the Liac de les Delicies, in Coves del Drac
(Manacar).

Aguest us comporta un impacte ambiental dificil
de corregir: ventilacid artificial, microflora entorn dels
focus d'il-luminacic, arees alterades pel transit conti-
nuat de personal, etc... Altres, en canvi, podrien ser
evitats amb una voluntat o normativa favorables: de-
tritus d'instal-lacions fora d'us, manipulacio d'espe-
lectemes amb aigua o productes artificials, etc. Seria
positiu, indubtablement, millorar la infrastructura edu-
cativa | interpretativa de les coves: pannells | infor-
macions més rigoroses i modermes, que permetin als
visitants copsar la importancia cientifica | cultural de
les cavitats | no sols el seu pintoresquisme.

COVES | AVENCS EXPLORABLES

Les coves | avencs mallorquins que poden ser
objecte d'activitals espeleologiques han estat ava-
luats en un nombre proxim al milenar (GINES &
GINES, 1987). Altrament, tant a sa Dragonera com a
Cabrera hi ha també cavitats interessants.

La major parl de les coves son de dimensions re-
duides, | @s poden explorar sense equipaments so-

Pareis, Torrent d'Almadra) are additional degradation
factors. The general state of these karstic gorges has
lately suffered from negative changes due to the
coincidence of those different disturbances.

Protection measures should be urgently taken on
these ecosystems given their value and limited
surface. The management to be applied will
determine the survival of their biovalues, and
especially of the endemic “Ferreretl”, a species
considered a priority by the EC Directive 92/43/EC.
Strict control measures as well as moniloring of these
habitats (Photo 4) should be promoted, so that the
stability of their physical and chemical conditions
must be guaranteed.

The state of conservation
of Majorcan endokarst today

THE TOURISTIC SHOW CAVES

Since the beginning of the 19th century the
travellers arriving in the island reported about guided
tours to Coves d'Aria and Coves del Drac, the mosi
celebrated caverns of Mallorca, visited by famous
personalities such as Jules Verne and Sarah
Bernhardt. This could have been the origin of the
touristic exploitation of the Majorcan caves (Photo 5).
Yet in our century the Coves des Hams, Coves de
Génova and Coves de Campanet have been added fo
the list. There are also a few caves that were once
exploited and later abandoned: Coves del Pirata and
Cova des Estudiants. The breakdown shaft called
Avenc de Son Pou is also visited, even if much less
intensively.

The touristic and economic importance of the
visits is rather significant, as the caves are often the
core of prestigious package tours that support a
substantial transport, catering and souvenir business.
As an example we point out that Coves del Drac
{Phaoto 6) receive annually between 600,000 and
800,000 visitors. The image and fame given by the
show caves lo the Majorcan tourist industry are very
important. Nevertheless, visiting facilities to the
caverns has not always been respectful nor
imaginative enough for the cave environment.
However, it should be pointed out as exceplions the
lighting designed by Carles Buigas in Coves del Drac
and the magnificent stairway of Coves d'Arta built in
1860 for Queen Isabel Il visit to this cave.

Touristic visits in show caves involve an
environmental impact of difficult solution: artificial
aeration, microffora growing around the spotlights,
alterations in the main paths, etc. However, other
impacts could be avoided by willingness and
regulations: abandoned debris from former
interventions, speleathems manipulation with water
and artificial products etc. Undoubtedly, it would be
convenient to improve the didactic and infarmative
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Foto 6: Vista general d'una de les sales que formen part del re-
carregut turistic de les Coves del Drac, a Manacor (foto
cortesia de Cuevas del Drach S.A.).

Photo 6:  Panoramic view of one of the halls visited by tourists in
Coves del Drac, Manacor (photo by courtesy of Cuevas
del Drach 5.A.).

fisticats ni dificultats técniques. L'accés als avencs,
en canvi, requereix del coneixement dels estris mes
usuals: cordes d'escalada, descensors i bloquejadors
pera SRT, etc. No es tracta, en general, d'avencs es-
pecialment dificultosos, perod tenen els seus perills
per a visitants inexperts. El millor procediment per a
estalviar riscs innecessaris i preveure el deteriora-
ment del medi carstic subterrani és potenciar I'activi-
tat espeleoclogica federada. Es ben conegut que la
majoria dels accidents, la destruccio d’espeleotemes
i el vandalisme en general son protagonitzats per vi-
sitants ocasionals, desproveits de “cultura espe-
leologica”.

En general, I'estat de conservacio de I'endocarst
mallorqui és satisfactori, malgrat sigui de lamentar la
fregliencia de manifestacions de vandalisme i ruptu-
ra d'espeleotemes. Un nombre excessiu de visitants
incontrolats provoca I'acumulacié de residus, inclosa
la proliferacié de taques de buidat de carburers, que
poden perjudicar la fauna cavernicola. Distints grups
espeleologics, la Federacié Balear d'Espeleologia i
entitats excursionistes porten a terme intenses cam-
panyes per estimular la responsabilitat i el respecte
al medi subterrani. Altrament, en els darrers anys
s'ha moderat I'is d'anclatges artificials i pitons, per
part dels espeledlegs, a I'exploracio de cavitats ver-
ticals.

LA FAUNA CAVERNICOLA

Les cavitats carstiques de Mallorca tenen una
fauna: cavernicola interessant, rica en endemismes
(GINES, 1983; PONS, 1991) i altres espécies de va-
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infrastructure inside the show caves by installing up-to-
date and rigorous information which encourage people
to appreciate not only the picturesque aspects, but also
the cultural and scientific importance of the cavities.

WILD CAVES AND SHAFTS

It has been estimated that in Mallorca there are
almost one thousand caves and shafts suitable for
caving activities (GINES & GINES, 1987) . There are
also some interesting cavities in Dragonera and
Cabrera islands.

Most of the caves are of small dimensions, and
they can be explored without a sophisticated
equipment as they do not involve great technical
difficulties. On the contrary, the access to the shafts
requires a knowledge of the most common caving
equipment: ladders, ropes, abseilers, jammers for
SRT techniques, etc. In general, the shafts are not
excessively difficult to be explored, although they
could be dangerous to inexperienced visitors. The
best way to prevent visitors from unnecessary risks
and to avoid the subterranean karstic environment
decay, would be to get the cavers to be involved in the
federated speleological activity. It is well-known that
most accidents, acts of vandalism and destruction of
speleothems are generally caused by occasional
visitors lacking any “speleological culture”.

In general, the state of conservation of the
Majorcan endokarst is satisfactory, despite of the
frequent cases of vandalism and speleothems
destruction. Too many uncontrolled visitors provoke
the accumulation of rubbish including batteries, flash
bulbs and dumping of spent carbide which may
damage the cave fauna. Several speleologic groups,
the Federacio Balear d'Espeleologia and some
hikers associations are leading campaigns to
encourage some respect and responsibility towards
the subterranean environment. Furthermore, during
the last few years, cavers have reduced the use of
artificial anchorages and bolts in vertical cavities.

THE CAVERNICOLOUS FAUNA

The Majorcan karstic cavities present an
interesting cave fauna rich in endemic troglobites
(GINES, 1983; PONS, 1991) and other bio-
geographically interesting species (BELLES, 1987).
Generally speaking, the state of conservation of this
fauna and its habitats seems rather satisfactory
(PONS, 1991). However, it must be remarked the
vulnerability of those species dwelling just in one or
few localities: the crustacean Balearonethes
sesrodesanus, generic endemism which should be
especially protected, living in a small geographical
area and whose ecological requirements remain
unknown; among the choleoptera, Leptobhytus
palaui (Pselafidae) is an endemic species just found
in one single cavity, likewise the Reicheia balearica
(Escaritidae). There are other groups of arthropoda



lor biogeografic (BELLES, 1987). En termes gene-
rals, I'estat de conservacio de la fauna cavernicola i
dels distints habitats subterranis és satisfactori
(PONS, 1991). Perd cal constatar la vulnerabilitat de
les espécies distribuides a una sola o poques locali-
tats: el crustaci Balearonethes sesrodesanus, un en-
demisme genéric que cal proteqgir amb especial aten-
i, habita una area geografica molt reduida | se'n
desconeixen els requeriments ecoldgics; entre els co-
ledpters, Leptobhytus palaui (Pselafidag) és també
un génere endémic conegut sols d'una cavital; Aei-
cheia balearica (Escaritidae) esta igualment acanto-
nat a una sola cova. Altres grups d'artropodes que
presenten interessants organismes troglobis son els
pseudoscorpins, amfipodes, isbpodes, efc.

Els gquirdpters cavernicoles han sofert una re-
gressid poblacional, probablement a causa de I'us
d'insecticides com a factor més important. L'adminis-
tracid ha barrat I'accés a algunes cavitats, per evitar
el vandalisme sobre certes colonies especialment
vulnerables. Conveé mantenir | estendre aguesta ac-
tuacid als casos justificats.

Pel que pertoca als habitats, els d'importancia
meés extraordinaria s6n els llacs anchihalins, amb una
fauna carcinologica d'interés excepcional. Aquests
ambients son presents no sols a Mallorca, sind tam-
bé a Cabrera i sa Dragonera, La diversitat d'organis-
mes | la complexitat ecologica d'aguests ambients
son molt elevades (GINES, 1983). Les de Cabrera
gaudeixen de serioses mesures de proteccio, garan-
tides per I'status de Parc Macional de l'illa. A sa Dra-
gonera, en canvi, es manté un Us incontrolal de I'ai-
gua de la Cova des Moro, que és convenient
estalviar. En qualsevol cas, les coves del carst cos-
taner meraixen masures addicionals de proteccid, ja
que les investigacions zoologiques en curs, les pri-
meres d'Europa en aquests ambients, confirmen la
singularitat dels seus valors.

Amb caracter general, és prioritari promoure la
salvaguarda de cavilats representatives de cada un
dels tipus d'ambients de |'endocarst, aixi com les mes
singulars pel valor de les seves formacions o de la se-
va fauna.

La proteccio legal i efectiva
del medi subterrani

TERCAFS (1992) ha publicat una analisi detalla-
da i util dels problemes de proteccit de la fauna ca-
vernicola | del medi subterrani. Molts dels criteris
d'aquest aulor es poden aplicar a Mallorca. Altres pu-
blicacions complementaries que poden tenir interés
al cas balear son les de DAVEY & WHITE (1986),
HILL & FORTI (1988) i MARKER & GAMBLE (1987).

D'acord amb la legislacic espanyola, la proteccid
dels ecosistemes subterranis és una obligacio admi-
nistrativa, gue es deriva de la Ley 4/1989, de “Pro-

{pseudoscorpions, amphipods, isopods, elc.) that
include interesting troglobitic organisms.

The cave bals have suffered a subslantial
regression of their population most probably due to
the use of insecticides. Some caves have been
closed with special gates by the Adminisiration to
prevent several highly vulnerable colonies from
vandalism. This kind of action should be maintained
and extended fo the justified cases.

In relation to habitats, the most extraordinary
ones are the anchihaline cave-pools which host an
exceptional carcinologic fauna. These environmenis
are also present in Dragonera and Cabrera islands.
The biodiversity and the ecological complexity of
these environments are relevant (GINES, 1983). In
Cabrera, they happen to be highly protected,
supported by the present-day status of National Park
of the island. In Dragonera, however, there is still an
uncontrolled extraction of water from Cova des Moro
which should be stopped. In any case, the singularity
of the coastal karstic caves is worth the application of
additional protective measures as confirmed by the
success of the zoological research in course, the first
of its kind carried out in Evurope.

In general, it is prioritary to promote the
safeguard of the most representative cavities
containing each type of endokarstic environment, as
well as the most singular ones because of their
richness of karstic formations and fauna.

The legal and effective
protection of the subterranean
environment

TERCAFS (1992) has published a detailed and
useful analysis of the protection problems relaling fo
the cave fauna and its habitat. Most of his criteria can
be assumed to Mallorca. Other complementary
publications that could be interesting to the Balearic
case are those of DAVEY & WHITE (19886), HILL &
FORT! {19886) and MARKER & GAMBLE {1987).

According to the Spanish "Ley 4/19889, de
proteccian de los espacios naturales y de la fauna y
flora silvestres”, the protection of the sublerranean
ecosystems is compulsory for the Government. That
regulation loads on the public Administration the duty
of preserving every species of flora and fauna, giving
especial attention to the autochthonous ones, and 1o
the preservalion of their habitats (Art. 26). In the same
way, the law determines that endemic species and
subspecies must be prioritary in this respect (Art. 27).

At European level, it is outstanding the Directive
92/43/ EC, relative to the natural habitats and the wild
fauna and flora conservalion. This direclive
dictaminates that those member States must
designate as special conservation zones —among
many others— the unexploited wild caves, the caves
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teccion de los espacios naturales y de |a fauna y flo-
ra silvestres” que atribueix a les administracions
publiques el deure de preservar totes les espécies de
la flora i la fauna, amb especial atencid a les autdcto-
nes ila preservacid dels habitats (Art. 26). lgualment,
la llei determina gue s'ha de concedir prioritat a les
especies i subespecies endémigques (Art. 27).

A mivell europeu, cal destacar la Directiva
92/43/CEE ralaliva a la conservacio dels habitats na-
turals 1 de la fauna i flora silvestres. Aguesta directi-
va determina que &ls estats membres han de desig-
nar zones especials de conservacia —eantre molles
altres— a les coves no explotadas pal turisme; & ra-
fugis de quirdpters cavernicolas; als biotops del Fa-
rreret (8s a dir, els canyons carstics).

Fins avui, perd. la norma que ens resulta de mas
interés és el Conveni relativ a la Conservacia de |a Vi-
da Silvestre i el Medi Natural a Europa, conegut com
a Conveni de Berna. Agquest text (inspirador de la Ley
4/1989, ja esmentada), ha estat desenvolupat en re-
lacit als habilats subterranis pel seu Comité Perma-
nenl, a la seva recomanacio num. 36 a I'any 1992,
Entre els punls que semblen prioritaris d'aquesta re-
comanacia, en les circumstancies mallorquines, vo-
lem destacar els saguants:

1) Formacio d'un inventari d'habitats sublerra-
nis d'interas biologic.

2) Assignar un status de proteccio a una salec-
cid dels bidtops representatius dels habitais
subterranis, | gestionar-los de manera ade-
guada.

El criteri gue aquest comité ha seleccionat per a
considerar un habitat com d'interés bioldgic és que es
compleixi una o varies de les condicions seglents:

a) Preséncia d'espécies adaptades a la vida
subterrania

b) Preséncia d'espécies relictes

c) Presiéncia d'espécies vulnerables

d) Presencia d'espécies endémigues

e) Preséncia d'espacias rares

f) Preséncia de quiroptaers

g) Biodiversitat relativament slevada

h) Originalitat de I'hahitat

i) Interés cientifici

1) Vulnerabilitat de I'habitat.

Pel que fa als criteris d'aplicacio de la proteccio,
el Comité Permanent del Conveni de Berna ha as-
senyalat els segilients:

a) Delimitar i protegir la zona de vulnerabilitat

potencial {(zona de recarrega de 'agiifer);

b} Protegirla peritéria | superficie sobre la cavi-
tat, perla seva influéncia directa sobre les
seves biocenosls,

¢) Considerar particularitats geohidrolbgiques
en el cas de coves;

d) Investigacions i cartografia del Medi Subte-
rrani Superficial (MSS), la importancia del
qual sols va comengar a ser coneguda als
anys 80,
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inhabited by bals and the special *Ferrerel” biolopes
(i.e. the karstic gorges)

However, up to now the most interesting norm for
us is the Agreement related to the Consarvaltion of
Wildlife and the Natural Environments in Europa,
known as the Berna Agreemeni. This text (which
inspired the Ley 4/1989 mentioned above) has been
developed in 1992 by the Permanent Commities as
the Recommendation No. 36 concerning the
subterranean habitat. We would like ta stress from
such Recommendation the following points which
appear to be prioritary in the Majorcan ¢frcumstances:

1) Elaboration of an inventory of subterranean
habitats of biological interest.

2) Assignmen! of a protection status for a
salection of thase representative biotopes of
the subterranean habitals, and its
appropriate managemant.

The Committee’s criteria to consider a habitat as
“‘of biological interest” has been the accomplishment
of one or more of these conditions:

a) Presence of species adapted to sub-

lerransan life

h) Prasance of relict species

¢} Presance of vulnarable species

d) Presence of endemic specias

e} Presence of rare species

f) Presence of bats

g) Relatively high biodiversity

h) Unigueness of the habitats

i) Scientific interest, and

[} Habitat vulnarability

As for the implementation criterfa concerning
protection, the Permanent Cammittee of the Berna
Agreement pointed out the following ones:

a) Delimitation and protection of the potentially
vulnerable karstic area (i.e. the aquifer
racharge zone);

b) Protection of the surrounding and oufer
surface of the cave, as they allect directly its
biccenosis;

¢) Considering the geohydrological pecularilias
of the caves;

d) Research and charting of the superficial
subterranean compartment (M.5.5, milieu
souterrain superficiel) which importance had
been ignored until the eighties;

&) Prevention from pollution, artificial land-fill or
erosion regarding the interstitial habitat of
subsurface walerpaths;

&) Conlrol of the hydraulic public works;

g) Control of the use of caves, including a
pravious and rigorous Environmental impact
Assessment;

h) Rational policy for the cleaning of the caves
{what certainly is a positive task provided i is
not exhaustive, as the feeding of the cave
fauna relies on the superficial organic matter
reaching the cavities);



teccion de los espacios naturales y de la fauna y flo-
ra silvestres” que atribueix a les administracions
publiques el deure de preservar totes les espécies de
la flora i la fauna, amb especial atencid a les autdcto-
nes ila preservacid dels habitats (Art. 26). lgualment,
la llei determina gue s'ha de concedir pricritat a les
especies i subespecies endémigques (Art. 27).

A mivell europeu, cal destacar la Directiva
92/43/CEE ralaliva a la conservacio dels habitats na-
turals 1 de la fauna i flora silvestres. Aguesta directi-
va determina que &ls astats membres han de desig-
nar zones especials de conservacia —enire molles
altres— a les coves no explotades pal turisme; & ra-
fugis de quirdpters cavernicoles; als biotops del Fa-
rreret (8s a dir, els canyons carstics).

Fins avui, perd. la norma que ens resulta de mas
interés és el Conveni relativ a la Conservacio de la Vi-
da Silvestre i el Medi Natural a Europa, conegut com
a Conveni de Berna. Agquest text (inspirador de la Ley
4/1989, ja esmentada), ha estat desenvolupat en re-
lacit als habilats subterranis pel seu Comité Perma-
nenl, a la seva recomanacio num. 36 a l'any 1992,
Entre els punls que semblen prioritaris d'aquesta re-
comanacia, en les circumstancies mallorguines, vo-
lem destacar els saguants:

1) Formacia d'un inventari d'habitats sublerra-
nis d'interas biologic.

2) Assignar un status de proteccio a una saelec-
cid dels bidtops representatius dels habitais
subterranis, | gestionar-los de manera ade-
guada.

El criteri gue aquest comité ha seleccionat per a
considerar un habitat com d'interés biolégic és que es
compleixi una o varies de les condicions seglents:

a) Preséncia d'espécies adaptades a la vida
subterrania

b) Preséncia d'espécies relictes

c) Presiéncia d'espécies vulnerables

d) Presencia d'espécies endémigues

e) Preséncia d'espacias rares

f) Preséncia de quiroptaers

g) Biodiversitat relativament slevada

h) Originalitat de I'hahitat

i) Interés cientifici

1) Vulnerabilitat de I'habitat.

Pel qua fa als criteris d'aplicacic de la proteccio,
el Comité Permanent del Conveni de Berna ha as-
senyalat els segilients:

a) Delimitar i protegir la zona de vulnaerabilitat

potencial (zona de recarrega de |'aguifer);

b} Protegirla periféria | superficie sobre |a cavi-
tat, perla seva influéncia directa sobre les
seves biocenosls,

¢) Considerar particularitats geohidrolbgiques
en el cas de coves;

d) Investigacions i cartografia del Medi Subte-
rrani Superficial (MSS), la importancia del
qual sols va comengar a ser coneguda als
anys 80,
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inhabited by bats and the special “Ferrerel” biolopes
(i.e. the karstic gorges)

However, up to now the most interesting norm for
us is the Agreement related to the Conservalion of
Wildlife and the Natural Environments in Europa,
known as the Berna Agreement. This text (which
inspired the Ley 4/1989 mentioned above) has bean
developed in 1992 by the Permanent Commities as
the Recommendation No. 36 concerning the
subterranean habitat. We would like ta stress from
such Recommendation the following points which
appear to be prioritary in the Majorcan circumstances:

1) Elaboration of an inventory of subterranean
habitats of biological interest.

2) Assignmen! of a protection status for a
salection of thase representative biotopes of
the subterranean habitals, and its
appropriate managemant.

The Committee’s criteria to consider a habitat as
“‘of biological interest” has been the accomplishment
of one or more of these conditions:

a) Presence of species adapted to sub-

lerransan life

h) Prasance of relict species

¢} Presance of vulnarable species

d) Presence of endemic specias

e} Presence of rare species

f) Presence of bats

g) Relatively high biodiversity

h) Unigueness of the habitats

i) Scientific interest, and

[} Habitat vulnarability

As for the implementation criterfa concerning
protection, the Permanent Cammittee of the Berna
Agreement pointed out the following ones:

a) Delimitation and protection of the potentially
vulnerable karstic area (i.e. the aquifer
racharge zone);

b) Protection of the surrounding and oufer
surface of the cave, as they allect directly its
biccenosis;

¢) Considering the geohydrological pecularilias
of the caves;

d) Research and charting of the superficial
subterranean compartment (M.5.5, milieu
souterrain superficiel) which importance had
been ignored until the eighties;

&) Prevention from pollution, artificial land-fill or
erosion regarding the interstitial habitat of
subsurface walerpaths;

&) Conlrol of the hydraulic public works;

g) Control of the use of caves, including a
pravious and rigorous Environmental impact
Assessment;

h) Rational policy for the cleaning of the caves
{what certainly is a positive task provided i is
not exhaustive, as the feeding of the cave
fauna relies on the superficial organic matter
reaching the cavities);



Qualsevol previsio d'actuacions als punts o
gspais documentats en aguestes bases de
dades ha de comptar amb procedimants
d'avaluacid d'impacte ambiental, amb les
consultes pertinents als especialistes com-
pelents.

- Aquesl procediment ha de ser especialment
rigorgs en el cas d'obres plbliques i actua-
cions urbanistiques.

- Farmar plans de recursos naturals i d'os
i geslio realistes, amb previsid de les diver-
sas funcions recreatives als Espais Naturals
Protegits (en especial, la Serra de Tramun-
tana, sa Dragonera | Cabrera), per evitar els
impactes que aquesles puguin ocasionar $0-
bre les localitats carstiques.

- Ordenar les activitals excursionistes i de
temps lliura, en especial els esports d'aven-
tura, que es desenveolupen als paratges cars-
tics.

- Potenciar el paper de les tederacions espor-
tives (Muntanyisme, Espeleologia), entitats
excursionistes | O.N.G. relacionades amb el
medi natural, per millorar la conscienciacio
dels visitanis de cavitats, torrents | paratges
carstics.

- Millorar la interpretacid i oferta cultural de les
cavitats explotades turisticament, amb as-
pectes educatius i cientifics.

- Restringir I'accés a determinades localitals
carstiques en funcid de la vulnerabilitat dels
saus valors [biologic, geologic, escenic o ar-
queolagic) i de la seva capacitat de carrega.

- Incloure als programes plblics d'educacid
ambiental els valors paisaigistics, ecoldgics
i cientifice del carst de Mallorca i la necessi-
tat de la seva consaervacia.
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