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Surface karst is believed IO innuence thc qua1itmivc and quamitative
charactcristics of the waters that feed aquifers. This paper focuscs on the
morphomerry of some surf<tce karst fearurcs and on their relations with
groundwatcr resource conservation and management.

The sludy arca is in Ihe Gran Sasso karst massif of ccntral haly. 11 is
a typical cxample of a Mediterrancan hydrogcological syslem, consisting
of l'vlcso-Ccnozoic carbonare and rnarly-silicoclastic sedimentary lInits
{hm wcre involved in rhc Apennine Ihrust beh (Iowcr Plioccm:·upper
Miocenel. Sincc the upper Pliocelle, extensional faulr systcms Cll( off rhe
massif. Ieading tO lhe formation of large lectonic basins (filled with Plcis
IOcene continental dcposits) (md of areas with a rypical basin·:md-nmge
morphology.

The kars( process (probably occulTing afrer rhe upper Plioccne) gave
rise IO borh large-scale {k:lrst plains and dolines} and medium-scale (kar·
renfelderl surface features.

Morphometry dara on 141 karst plains, 382 dolines and 58 karrell
felder were colleetcd by means of field surveys. The oricnralion and
length of 682 macro-faulrs and 2,196lineamems were recorded via aerial
photos and geological maps. The srudy showed rhe occurrence of highly
wcathcrcd red paleosols (Luvisol and Acrisoll as relict or buriecl soils or
PleislOcene age, and of fairly differemirucd soils of more recenl age
(Phaeozcm). Sratistical analyses indicated (har rhe karsr surfacc fearurcs
are not fOrluitous. bUI rclared 10 the tCClOnic fabric of {hc rnassif and to
its geomorpho.pedological cvolLuion.

The Gran Sasso karst Iandscapc is similar 10 lropical karst Iandfonns
(conieallOwers), and with the small inseIbergs and lors found in the crys
talline rocks of the tropical behs of Africa and South America (mainly
fonned by chemical weathcringJ. This may be due to the fact thal the re
lid of Gran Sasso was modelled by chemical processes Ihat began whcn
the soil cover was thicker and very differem from the soils of today. The
decpening process of the karst surface forms is relared mainly to warer
availability and, subordinatcly, 10 carbonatc rock type and fraclllring.
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The morphological evolution of the dolines is controlled by lhc li·
thology, since thcir sparial cnlargemenl in coarse-grained carbonare rocks
is more significam than in mudstones.

The formarion of karrcns and pinllac1es appears to be connecred to

rhe opening of individuaI joinrs. This finding sugges(s thai the release of
tcnsiie forccs aftcr orogenelic srress is slill acrive allei rhar it may havc
been favoured by slope modelling and ice mass relreat in rhe last 10,000
years.

Thc collcctcd dara poi m ro at Icasr rwo karsl stages, each with differ
em surface fealures: high-alritucle features may be artribmed to presem
and recelll karsl activiry, whereas low-c1evarion ones (inferred from se
lected bmicd amI rclici paleosols) are likely {O have developed since the
middle PleislOcene and to bc scarcely acrive today.

KEY \'(fORDS: Karst; Doline, Karrenfeld, Karst Plains, Grabcll, Cen
Iral Iraly.

RI,\SSUNTO: LORt 1\., Mr\Gt\LDI D. & T,\LI.1NI M .. llllmfo!ogia e
mOlfomelria del carsismo SlIpclficiale del Massiccio de! Gml! Sasso (lta!ia
cClltl'a!e). (IT ISSN 0391-9838, 2002).

Lo studio intende dare Llna descrizione qual1lirariva delle diffcrenti
fenomenologie del carso superficiale inscrendolc in un contesto idrogeo
logico di protezione e gestione delle riserve idriche sotterranee. L'area sc
lezionata pel" lale studio è il massiccio calcareo dci Gran Sasso (Iralia cen
trale), sisrema idrogeologico ripico dell'area centro-mediterranea. lJ Gran
Sasso è caratterizzalO da sequenze carbonariche e silico-calcareo-marnose
meso-ccnozoiche dci dominio telideo impilare rcttonicamenrc nel Mioce
ne superiore, durante l'orogenesi appenninica. Dal Pliocene superiore in
poi l'edificio compressivo è stato ritagliato da faglie distensive respOnsa
bili della formazione di conche tettoniehe colmate da depositi continenta
li quarernari c di morfologie tipo basin and range.

In questo particolare contesto si inscrisce l'azione di dissoluzione
carsica responsabile della formazione di morfologie sia aUa macroscala
(piani carsici e doline) che alla mcsoseala (kal'l'enfeldcrl. Lo studio sul
tcrreno ha portato all'acquisizione di dati morfometrici relativi a 141
campi carsici, .382 doline e 58 karrenfelcler (tra cui sono srari misurati 898
solchi di dissoluzione). Inoltre, sono state misurate oriemazione e lun
ghezza di 682 macrofaglie e 2196 lineazioni individuate da foto aeree e
cartografia geologica.

I risultati ottenuti dall'analisi sratislica cvidenzi:lI1o chc le caratteristi
che morfometriche del carso superficiale non sono casuali. Si possono
invece inquadrare nel contesto geologico-srrumurale e nell'evoluzione
geornorfo.pedologica del massiccio.

La similitudine rra le forme dci paesaggio carsiw più diffuso nel
Gran Sasso, quelle dci carso lropicale !colline cupoliformi) e infine quelle
a prevalente dissoluzione chimica delle rocce cristalline negli ambienti
intertropicali dell't\frica e dell't\mericll, fa ritenere probabile chc la mag-
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gioI' pane dei processi di dissoluzione (speciidmente alle quote più basse
del Gran Sasso) sia avvcnuta o avvenga SOtto copertura pedologica, molLO
più spessa un tempo rispeno l'ammle e in alcuni casi, completamente dif·
fereme. lnfani si osservano tracce di palcosuoli fonemer:le alterati di co
lore rosso (Lu\.isol e i\criso1) generalmenre sepolti e suoli a profilo più
differenziato e in genere ben conservati, presumibilmcnre pre-olocenici
(Phaeozem).

11 processo d'approfondimento, come testimoniato dalle relazioni
trovate per le varie forme carsiche superficiali, è stretwmente legato alla
disponibilitit d'acqua e in via subordinata, alla fraltumzione e alla dpolo
gia dclle rocce carbonmichc.

La litologia ha probabilmente influito sulle caratteristiche morfomc
triche delle doline poiché, a parità d'altre condizioni, il loro ampliamento
tridimensionale sembra di preferenza awenire in materiali carbonatici a
grana più grossolana piuttosto che in quelli fango-sostenuti. 11 processo
di formazione dei karren e dei pinnacoli ad cssi associati è legato all'aper.
tura delle singole frattlll'e e quindi suggerisce che il rilascio di tensioni la·
tenti al termine degli sforzi orogenelÌci sia tLlllOra in allO, favorito forse
dal modellalllellto dei versanti e dalla scomparsa delle masse ghiacciate a
panire dagli ultimi lO 000 anni.

I dati raccolti eviclenzillllo l'esistenza di almeno due fasi di carsismo
con chiara distribuzione tempomle e altimetrica, che si riflette sulle diver
se morfologie carsiche di superficie. Le Illorfologie delle quote più eleva
te possono essere attribuite all'auività carsica recente e aHuale, mentre il
carsismo superficiale a bassa quota (sulla base dei paleosuoli ad esso col·
legati) si sarebbe sviluppato a partire dal Pleistocene medio e continue
rebbe tuttora, sin pure con intensità sensibilmente piil ridotta.

TER,\l1NI CI-ilAVE: Carsismo, Doline, Karrenfeldcr, Campi carsici,
Graben, Italia cemrale.

INTRODUCTION

Surface karst is known to have a dramaric impact on
the quantity and quality of water supplying fissured and
karsrified aguifers (Jvlonjoie, 1975; Smirh, 1993; Bakalo
wicz, 1995j European Commission, 1995). This paper rc
ports the results from a l'esearch that was carried out as
parr of (he Cluster C Il b sub~projecr regarding karsr
groundwatcr l'csources conscrvarion and management,

GEOLOGY AND GEOMORPHOLOGY

The Gran Sasso massif (Abruzzi) (fig, l) consisrs of
Meso-Ccnozoic carbonate sequences. These scqucnces
are made up of ca1careous-dolomitic lirhologies of thc
Latium-Abruzzi neritic plarform Auet. and of calcareous
siliceous-marly lithologies belonging to basinal and slope
lithofacies. The latter lithofacies originated from sedi
menrary environmenrs adjacenr to thc Larium-Abruzzi
platform (Accordi & alii, 1988). During the Apcnnine 0[

ogcncsis, rhcse unirs wcre rhrusr rowards NE over fore
deep turbidite units of uppcr Nliocene age (Laga forma
rion Auet.). Since the upper Pliocene, an extensional geo-
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FIG. 1 - Geologieal Ilmp of Gran
Sasso. l - continemal Jcposits of
tectono-karst basins (Quflter
nary); 2 - eerrig,enoLls deposi es
pelites and santlscones - (upper
J\;lioccnc.); 3 - carbonate sequcnc:·
es of platforrn (including shelfl.
scarp·basin amI nlmp facies (Mi
oc:ene . upper Trias); '" - basai
tlolornites (upper Trias); 5 - over·
ehruse; 6 - extensional faulr; 7 
profiJe of fig. 2.: i\ Corno
Grande; B - Campo Pericoli; C 
Campo Imperatore; D Piano
Rncollo; E . Monte Ruzza; F
Castel del Monte; G . Piano Vol
tigno: H-S. Stefano di Sessanio:
[ 13arisciano: L - Navelli: M-S.

Benedello in Perillis.



dynamic regime has generated NW-SE and E-W trcnding
and SW dipping cxtcnsional faults (Vczzani & Ghisctti,
1998), as well as some inrramonrane basins (L'Aquila,
Navelli and Campo Imperarore plains). Thcsc basins ac
comlllodated inrense detrital sedilllenration in lacustrine
(e.g. the San Nicandro Forlllation), fluvial, slope and gIa
eiaI (Campo Imperatore) environments (Bertini & Basi,
1993; Cavinato & nlii, 1994). Typical cxrcnsional faulr
systems are found at Castel del tvlonre. The systems are
characterised by: i) «domino» geometries; ii) bJock rota
tion on horizonral axes; and iii) high rates of extension
via the enuclearing of high-angic faulr systcms dislocating
and rotating prcvious fault systcms (D'Agostino & alii,
1994). In the Quatcrnary, this strucrurai setting favoured
the formation of graben or semi-grabcn fearures. The gra
bens hosted the main karst landforms, giving rise to typi
cai baJÙl-mul-rfll1ge morphologies (fig. 2). The morpho
logicaJ trend transvcrsal to the massif ref1ccts the teetonic
fearures of the differenr areas, as reporred by D'Agostino
& Tozzi (997). To rhc norrh, rho topographic high·
e1evation area is characterised by thrust faults and folds.
On the baek, the Campo Imperatore piain is related to

thc Plio-Quaternary activiry of the extensional boundary
fault O, fig. l). South\Vest\Vard, rhe bnsill-nlld-mllge relicf
is more indenred and reflective of a horst-and-graben
thin-skinned rectonie style. The karst landforms occur in
the grabens of this area (e.g. Piano Viano, Valle
d'Anzano). More southwestward there is the Aterno Riv-

er valley, filled with Quatcrnary f1uvio-lacusrrine depos
its. Irs evolution was govcrned by another extensionai
fault (2, fig. 2).

Some of the exrensional faults are stil1 active and re
garded as seismogenetic, as demonstrated by srudies on
presenr seismicity (De Luca & alii, 2000), palaeo-seismo
logy and hisrorical seismieity (BIumerti, 1995), as well as
by in-weU-measured aetive stress c1isrriburion (J\ilonrone &
alii, 1999).

fn the cenrral Apennines, Gran Sasso is a well-defined
unit, eomposed of a scquenee of approximarely N\XI-SE~

trending morphologieal high and low fearures. The Aterno
River borders it to rhe Sand the Vomano River ro the
NW. To the NE, its boundary is less c1early defined and
can be placed on the morphoJogical boundary between the
calcareous massif and the peri-Adriaric sysrem of hiUs,
which were modelled inro Miacene and Pliocene l1larly
arenaceous sedimenrs.

The inner part of Gran Sasso l1lay be divi dcci imo two
sectars, Ioeatecl N\'<I and SE of a narrow beh, respectivcly
roughly corresponding to the Corno Grande-Ruzza Mt.
alignmenr.

In the first sector, rhe ridge consists of two alignl1lents
of peaks. The external one comprises the highes( peaks of
the massif (Corno Grande, 2912 111 a.s.i.) and is carvecl by
deep gIacial vallcys. The internaI and Icss elevatecI ridge,
forl1ls eonrinuous buttresses representing the head of the
valleys and eoinciding with the mai n warersheds.
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FIG. 2 - Schemmic geological profile showing the main soils anel typcs of dolines (k 1, k2, k3). The shaùeù arca shows the Qumernary ùcposits filling [he
tecronic depressions (Campo Imperatore alld Aterno Rive.. valley; the brickwork area shows the Mcso-Cenozoic rocks rcprcscnting thc backbone of

the reliefs. Numbcrs I al1(12 idelllify the l'' order extensional faults thm affecfcd the cvolurion of the main tCClOllo·karSt basins.
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The laner alignmem is bounded towards S\'iI by a
steep fault slope 1000 m high. The slope separates the
alignment from a \Vide horsr-and-graben area (meao e1eva~

lion 900-1300 !TI a.s.I.L whose margins are cm by deep flu
vial valleys.

Thc \Vide teeronie clcprcssioll of L'Aquila (mean e!eva
<ion 600-800 m a.s.I.), filled with Pleistocene lacustrine
anel fluvial seclimcms. which hosrs the Aterno River valley,
is loeatecl towards thc S\YJ.

By contrast, in the sQmh-eastcrn sector, thc ridge has a
single alignmenr of peaks, bOllllded co the NE anel S\Y,J by
steep slopes. The north-easrern slope, 1000·1300 m-high,
always sreep and, in places, sub-venical, allei rising above
rhe hilJs of che Adriatic fardand, is nn impressive feacure
of the landscape.

Towards che S\Y,J, [he ridge is connecrcd co che wide
tccwnic depression of Campo Imperatore (meno e1cvation
1500-2100 m a.s.I.), filled with a thick Pleistocene and
Holocene sedimenta!"y sequence.

The depression is followed by a wide hol'st-and-graben
area (mean e1evation 1,000-1,600 m a.s.1.) with numerous
endorheic tectono-karst basins. In this area, Benini & a/ii,
1989, reponed the occurrence of a high-e1evation land sur
face (Anzano surface). This surface, with moderate l'elief,
is preserved in small limbs or alignmenrs of peaks and wa
rersheds, split by several rectono-karst basi ns. Bosi & Mes
sina (1992) inrcrprerecl rhis surface as an erosional surface
of upper Pliocene age.

Proceeding sourh-westwards, rhe following features
are observed: i) tectonic depression of Navelli·Barisciano
(mean e1evation 700-1000 m a.s.I.), filled with dominamly
lacustrine sedirnems of lower~middlePleisrocene age; ii) a
set of low horsr-anel-graben relief forms (mean e1evarion
800-1300 m a.s.l.), cut by deep fluvial valleys; iii) the Ater
no River valley, deeply enrrenched anel, in places, in the
form of a gorge.

TeClOnic acriviry in the PleislOcenc significaml)' influ
enceel rhe morphology of the massif, creating numerous
imer-momane elepressions. The major ones were filleel
wirh rhick conrinental seelimemary sequences. The minor
ones often evolved imo endorheic basins, panially re
mOlllded by karst processes and often sllpponillg lacus+
trine or palusrrine environmenrs (some of rhem reraining
smalllakes).

In the lIpper Pleistocene, the most elevated porrions of
Gran Sasso experienced intense glacial l'emoelelling, with
the formarion of cleep valleys and rhe erosion of exisring
mol'phologies.

Fluvial morphogcnesis affecrecl rhe massif lO a limitecl
cxtcnt as ir bccame elominant only ar irs margins, where
some recrono+karst basins are deeply CU[ by vaUeys. At
present, rhe massif has no significant streams, the few per
ennial ones running at irs mal'gins.

Srarring from the upper Pliocene most of rhe areas
have been subjecred to chemical wcathering that resu!ted
in karst landforrns. This action has been favourecl by the
distinctive geological-srructural setting of the area, as well
as by its pasr ancl present morphology anel climate.
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TECHNICAL CHAR1\CTERISTICS Of THE
KAJ~STIFIED ROCKS

Karst-affected lithotypes are marly limestones, massivc
limeslOnes, anel calcarenites of Meso-Cenozoic age. These
rocks have rhe following gcotcchnical properrics:
- cohcsion bcrween joims = 0.03-0.05 MPa;
- compressive strength = 35+50 MPa;
- [onsile strength ~ )·3 MPa;
- Hoek's Geological Strength [ndex (GSl) ~ 30-S0;
- anglc of friction: 30°.37° for lllassive lilllestones, 20°_30°

for ali other ones.
Accorcling to Duhnalll's c1assificarion (in Bosellini &

a/ii, 1989), rhese rocks include mudslOnes, packstoncs,
rudstones and bOlinelslOnes. Their mean clcnsiry is as
sumed lO be equal to 2,720 kg/m' (Capuano & alii, 1998).

Pleisrocene conglomerares and calcareous breccias are
less common bue eqllally susceptible to solution proccsses.

SLOPE l'vlODELLING

The Gran Sasso lanclscape may be generally defineel as
«tecrono-karsr» (Sauro, 1986). However, duee pans with
diffel'em morphologies can be distinguishecl:

i) a high pan, whose elevation exceecls 2000 m, con
sisting of the sllb-venical walls of the highesr peaks of
Gran Sasso, of glacial vallcys anel of scarps;

ii) an imermediate pan, consisting of clome-shaped
calcareous reliefs (domecl or polygonal karst), separated by
dry valleys and karst basins;

iii) a basai pare, with com'ex bur irregular hills, karst
basins and large dolines.

Convex and domed slopes were reponed by Derruau
(1972) in rhe Frcnch «Craie», whcre the)' fonTI «convex
humps» resulting from rhe isotropic rcsponse of the rock
te both chemical weathering anel creep which acr 011

the detrital-pedogeneric matcria!' Nlore reccmly, TrudgiU
(J 985) reviewed rhe various models proposed for slope
moelclling in various parts of the world, stTessing the im+
portance of the soil cover as a source of CO2 anel, thus of
acidity. Sai I cover is also assumed te regulate the flow of
seepage, evapotranspiratioll ancl surfacc and sub-slll'face
runofE w3ters. Consequendy, carbonate rocks with moder
ate anisotropic l'espanse may generate slopes thaI, from
top to bottom, tend ro be convex, rectilinear and concave,
respectively. Given the parricular lllorphology of the inves
tigatecl area, processes of this type may have operaced on
the inrermediatc- and low-elevarion parrs of the massif.
The following considerations, taking a more in-depth ap
proach to the morphogenesis of the massif, support this
assumprion. Therefore. rhe domed calcareous hills are
highly reminiscem of tropical hiJls, although their slopes
are gemler. AJso the shapes DE some calcareous «pinna~

cles» of Gran Sasso anel of the nearby d'Ocre mounrains
are not very differem from che English tol's (fig. 3). Evcn if
differenr geomorphic processes ofren give rise to vel'Y sim
ilar forms, and knowing the genesis of tropical relid, the



Flc. 3 . (a) «Pinnades» in Ihe upper Raiale strearn valley. motlelled imo ìvlesowie lirnc~toncs (heigIH: about 15 111). (bI «Pinnacb> in ,he miJJle
Raiale sircam valle)', moJcllcd imo PleislOcene calcareolls brcceia~ (height: abom 8 m); note the approx. 40° - dipping bcdding. (cl «Pinnacles» al

Roccapn::1Ll1'O (S. Benedetto in Perillisl. moddlcd imo Mcso7.oic limestones (heiglu: 20-30 rnl.

Gran Sasso slope modelling is likely to have been highly
conditioned by chemical processes occurring under soil
cover. This argument is supponed by the srudy of the rela
tionship between karst basins. lithotypes and soils. In ef
fect, the most common low~elevation karst basins are asso
ciated with polyphase paleosoIs, now almost disappeared,
of the Luvisol and perhaps Acrisol type (FAO-UNESCO,
1998). These paleosoIs may have developed on com·se-

grained limesrones, such as the lower Pleistocene brcccias
of Fonte Vedi ce (Bosi & Messina, 1992) (<<monadella
breccias»: Demangcot, 1965). Few Luvisols (soils wirh
clayey B-horizon corresponding to the Alfisols of the
USDA c1assification) are ro be considered as relicL Con
versely, more weathered Luvisols (MuJlse!1 Soil Coloul"
5 YR~7.5 YR) are generalIy buried under dctritalmaterial
of variable age from the upper Pleisroccnc to the Holo-
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cene ancl occur as 50-100 cm thick intercalations. lt is
wonh emphasising that the «pinnac1es» are often veneereel
with Fe hydroxides and c1ays whose colours are very simi
lar to those of the above-mendoneel paleosois.

By contrast, the less well developed dolines anel karst
vaUeys, as weU as the dome shaped hills, which are fre
quently carveel out of the fme-grained limestolles (mud
stones), are associated wirh soils of more recent age (Holo
cene-upper Pleisrocene): Calcaric Phaeozem, Calcaric Cam
bisol and Rendzic Leprosol type (Magaldi & Tallini, 2002).

Therefore, the intennediate allei basai parts of the mas
sif are like1y ro have been modeUed predominantly by
chemical weathering beneath a soil cover thicker than the
present one, anel ro have evolved in multiple allei different
c1imatic stages. Chemical weathering was combineel with
gelifraction, creep, surface rulloff, geliAuxion anel mass
movemenrs, which periodically removed the soil cover, as
observed in rhe stratigraphic sequences of (he L'Aquila
plain anel in some test holes dug imo (he largest dolines.

No reliable dara are available on rhe rare of chemical
erosion, which \Vas responsible for slope modelling. Nev
ertheless, it rnust have been variable over the past 10,000
)'ears anel, almost cenainl)', at different e1evations of the
rnassif. However, from some relarions proposed for tem
perate cOllntrics (Ford & Williams, 1989) and for Ttaly
(Pulina & Sauro, 1993), alld direct measurerncnrs of
cmcrging cherry nodules of the limestones, a solurion rate
of 11-90 mm/l,OOO years was assumcd, i,e, an order of
magnirudc oflO_102 mm/l,OOO )'ears. This preliminary as
sumprion is consistenr with rhe value of 81 mm/year re
porred for the Gran Sasso area by Demangeot (1967), and
with thc likely value of rhe presenr soIution rate due to
COz,-rich waters, according to the formula proposed by
Atkinson & Smith (J 976):

Erosion rate (mm/I,OOO years) = (P-E) ,., H / y = 16

\Vhere P - E is the \Vater surplus (abollt 500 mm/yearl, H
is the mean harelness of the most represenradve springs of
the Gran Sasso karst aquifer in mg/L (90) anel is the car
bonate rock densi tI' (2,720 kg/m').

KARST PLATNS (CAMPI CARSICI)

- min. slope gradienr of edges;
- max. slope gradicnr of edges;

surface area.

Hydroiogical data:
surface area of karst plain drainage basin (Sp) which IS

the surface area of the drainage basin direclly perraining
ro che karst landform, net of (he sudace area of rhe trib
utary karst plains;
tOral surface area of the drainage basin (Sr);
efAuenrs, if any;
Srrahler's arder of inrernal hydrography;
swallow-hoies, if an)';
evidence of perched aquifer;
order of amuent hydrography, if anI';

For characterising and expressing the geomctr), of
karst landforms, the flatness index, used to describe the
shape of pebbles (Pettijhon, 1975), \Vas applied. This 15

according to the well-known relation:

(a+b) /2c

where a>b>c are rhe rhree main eliameters of the pebble
anel, in Dm case, the max. diamerer, the min. diameter anel
the max. deprh of the karst landforms.

Inreresting relations were idenrified between rhe meas
ured parameters. The most evidcnr rclarion connecrs mean
diamcrer ro depth (fig. 4), demonstrating thc isotropy thar
governs rhe formarian of caviries anel karst cOllduirs. A very
markeel relation links Aarness, surface area of karst plain
drainage basin (Sp) anel deprh of karst plains. The inverse
proponionality rclation between the Aarness/drainage ba
sin surface area rario anel karst plain depth (fig. 5) c1early
indicatcs rhat, area of rhe drainage basin being equal, rhe
sum of rhe main dimensions of rhe karst piains is consranr.
This fan may be imerpreted as the effecr of a solution pro
cess which worked wirh rhe same inrensiry and style in ali
rhe karst valleys, albeit conditioned by stwcrural fearures.
Moreover, there is a direct rclation between rhe surface ar~

ca of rhe karsr plains drainage basin anel the karst plain sur
face area. The determinarion coefficienr is 0.64.

These results show thar the process of developmcnr of
the karst piains was rhc same and worked isorropically be
ginning wirh the «depressions» conrrollcd by the Plio
Quaternary extensional tectonics.

1000 ,------------------,

FIG. 4 - Diagram or mcan dialllcecr vs. mcall dcpeh or karst plains.

10

The follo\Ving parameters of 141 karst plains (campi
carsici) Iying al an e1evalion of 750-1900 m a.•.!. \Vere
measured.

Morphometric data:
max. diameteI';
min. diamerer;
direcrion of max, diameteI';
bottorn sense (azimuth of rhe vector linking rhe highest
poinr of rhe perimeter to the lowest poinr of the floor);
perimeter sense (azimurh of rhe vector Iinking the high
est point and the lowest point of che perimeter);
base level;
max, depth;
min. depth;
height of c10sing threshold;
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Thc orientation of 2196 lineamems (fig. 6). correspond
ing te the edges of the karst plains1 \Vas also measured on
aerial phorographs (1:33,000 scale). By comparing the 01'

icnrarion of the lineamcnrs wirh rheir linear extension (fig.
7) it is evidem rhar the dominanr trend is N 1000 and N
150°, avcraging N 123°. These findings are closely rdated
to extensianal faults, as demonstrated by rhe rose diagram
of fig. 7. The histogram for fault-length (fig. 8) indicares
the faulrs are less than 4 km-Iong, whereas (he same histo
gram for lineamems shows thae aver 95 % of them are less
than 400 m-long (fig. 6). Therefore the macra-faulrs are
NW-SE-orienred features, along which the karst plains are
distributed. lvloreover, most of the Gran Sasso karst plains
are NW-SE- and, to a lesser exeenc, EW-elongated. They
can thus be defined as karst basins of a structural type
(CVljIC, 1960) emplaced in graben or semi-graben struc
ture, of Quaternary age (fig. 9).

60 DOLINES

FIG. 6 - Rose diagnllll and frequcnc}' hislogram for thc Icngth or thc
lineaments idemified al thc edgcs or thc karst basins (toral dara = 2196).
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Dolines are scatrered aver almost the entire massif at
devations of 550 to 2300 m a.s.1.

Mosr of the obsclved forms are typical solmion do
lines, whosc walls were modelled inca che rock and whosc
floor \Vas generally filled with a more or less thick layer of
sedimento Thc dominam fearures are of rhe «bo\Vl» aod
«dish» rype. Their size ranges from a fe\V meters to some
hundreds of meters. Fossa di Pietrarossa, located roughly
2.5 km SE of S. Benedetto in Perillis, is the only idenrified
collapse doline. 'Ihis doline is shaped likc a poehole with
120 !TI max. diamcter and 75 m max. depth.
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FIG. 8 - Lcngth or (he c:<:lcllsional macro-faulls idemificd in Ihe Gnln
Sasso {(olal dala = 632): rose diagram and frequcncy hislOgram.

fiablc as limbs of ao anciem erosion surface (Anzano
surface) or however wirh 10\V rei icE energy; somerimes
rhcy arc isolarcd on pcaks or relicf, which arc inlcrca
iarcd \Virh rccrono-karsr basi ns.

3. Small-sized dolines (mcan min. diame[er: 30 m). They
arc found in rhrcc rypical scrrings: i) on rhc borrom of
glacial cirques and valleys, as spol do/illes modelled in
ro rhc bcdrock limcsroncs; ii) inside tccrono-karsr ba
sins, modcllcd imo filling scdimenrs, as spol do/iues
andlor «connccrcd dolincs»; iii) inside rncdium-sizcd
dolincs, isolatcd or in groups of 2·3, modcllcd imo the
floor filling sediments.

For each of ,he 382 dolines considered, ,he following
paramctcrs \Vcrc mcasurcd according to rhe ciassificarion
proposed by Bondesan & a/ii (1979):

max. diamctcr (m);
min. diamcrcr (m);
dirccrion Dn",,; (dcgrccs);
hal/am seJ1se (dcgrces);

- pel'imeter Jense (degrees);
- base leve! (m a.s.1.);

max. dep[h (m);
min. deprh (m);
min. slope gradiem of edges (degrees);

- max. slopc gradicm of cdgcs (degrccs);

Thc doline fills \Vere also dcscl'ibcel anel analysed.
Thc rcsulrs of rhe abovc analyscs enablcd us [O singlc

Oli( significant rclationships between thc mcan diamcrer of
thc dolines, their mean elcpth, their e1evarion anel the bcel
rock lilhology.

Mean diametcr and mean dcpth of thc dolincs are di
rcctly proportional (fig. JO). The rcsulting distriburion is
also ..e!a[ed lO elevalion and Iilhology (fig. Il). The wid[h
of thc dolincs, largcr at lo\V c1cvarion and smallcr at highcr
elcvarion, is prcsumably due to thc agc of the karsr process
anel to differences in climaric condirions. The rhrec easily

FIG. 9 - Block Jiagram showillg thc dose rclationship bctwccn thc
location or karst basins and thc Quatcrnary grabcns or Gnm Sasso.

Small-sized dolines wirh signs of sinking \Vere observccl
ar Campo Pericoli aod N of Castel del Monte.

Consiclering che size aod loeation of che observccl do
lines, [hree groups can be dislinguished:
1. Large-sizcd dolines (meao max. diameter: 150 m) in

the Aterno Rivcr valley; always isolated. rhey are mod
ellcd imo the calcarcous conglomeratc, breccia aod sih
of lacusrrine aod/or fluvial environrnents which fili che
valley or in the limestones making up che slopes rhal
bound ie.

2. Medium·sized dolines (mean diameler of 30 to 200 m).
Thcsc are loeateci in che area exrcnding bctwcen che
ridge and lhe [eclonic depressions of L'Aquila·Scop
pito and Navelli-Barisciano, and on che reHef Iying be
tween the laner ridge aod the Aterno river valley. They
are usually arraoged as spot do/in es anel, more l'arely, as
polygonal kars, dolines (Bolza MI. - fig. 12, Colle Fossa
Palomba near Navelli). They lic in areas that are idemi·
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PIG. lO - Diagram or mcan diamctcl' vs. Illean deplh or thc Gran Sasso
dolincs.

There are about 20 dolines in group k]> whose 50ils
show more developed pedogcncsis (Chromic Luviso!);
their size is larger than aB the other ones (with volumes ex
cceding 300,000 mI on average). They Iie within the micl
elle Aterno River valley or 011 thc calcareous buttresses of
the Ocre Mounrains, just ourside the stlldy area bcrween
600 and 1200 In a.s.l.

The younger dolines of group k, (fig. 2) oecur in the
deposirs that fiUed the karsr basins (Racollo flat, Vohigno),
i.c. inside largcr dolines; this fact suggests thar thc presenr
karst morphology exploited thc exisring parhways of water
elischarge.

More derailecl analysis of the surface area of 99 larger
dolines (all groups). by digitising the polygons making up
rheir perimeter rcveals thc surface areas are correlateci
with thc surface area of the corresponding drainage basins
(fjg. 12) according to a relation similar to the one founel
far the karst piains,

distinguishablc groups of dolines have diffcrcnt lithology.
Thc first group, concemrated at elevations of 2000 to 2500
!TI a.s.l., occurs on chert-bearing lTIudsroncs. Thc second,
occurring bct",cen 1700 (Q 1000 m a.s.i., occurs in a more
hererogeneous lirhoiogic complex, inclucling llludstones,
grainsrones anel subordinate wackestones, packstones allei
rudstones, as \Veli as «rerrain» (saiI • soiJ sedimenrs. collu
via). Thc third group c1eveloped on limeswl1cs, which are
canrsel' [han the above-menrioned ones, such as breccias,
ca1careous conglomerares anel packsrones, allei generally
oceur belo\\' 1000 111 a.s.l.

With rcgard to the sequence of the main iithotypes (fig.
2), the doline morphoiogy poinrs te at icast three families
(k

"
k2, k}), belonging te at least two karst stages: older age

karsr far the most parr wcU-cleveloped at a lower eievation,
with no soil cover (k ,); younger karst for the one at a high
er elevation (k3). l'here is al50 an intermediate family in
cluding boch nlder anel younger dolines (k,).

KARRENFELDER (ASSEMBLAGES OF KARRENS)

Karrenfelder are a common occurrellce in the massif,
at e1evations of 400 to 2,200 m a.s.1.. They are easily dis
cernible on steep slopes at a relatively low e1evatioll. Here,
the individuai karren oftcll bound «pinnacles» anel clinI
b!ocks, These karrens are simiiar to thase observed on
rocks of a different litholagy, under c1imatic canelirions
ranging from perigiacial to tropical anel subtropical. \'<!e
can elistinguish:

il Karrenfelder whose individuai karrens are con
trolled by joinrs (KllIftkal'l'en), uSllally occurring ar medi
um and high elevation;

ii) Karrenfelder with rOllnded hollows (RlIl1dkal'l'el1),
which are typical of lower elevarions and are often asso
ciated with «pinnac1es».

Fifty eight Karrenfelder and a totai of 898 soiution fur
rows were examincd and the fol1owing parameters meas
ured (Perna & Samo, 1978):

doline dralnage basin Sllrfaoe (log(m'))
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FIG. 11 . Diagram or c1cvalion vs, mcan diamclcl' 01 lhc Gnll1 Sasso
dolincs.

FIG. 12 . Diagmm of doline surfacc area \'s, doline Jrninage basin sur·
fm:c arca.
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one of rhe most fractured and faulred areas. In tile two
«tails» of the distriblilion, che phenomenon is negligible.
The distriburion may be also inrerpreted as the result of
the interference of karst morphogenesis with other pro
cesses. Above 1600 m a.s.l., the frost wcathering tends ro
inhibit the formation of karrens; ar lower altirudes, the
smne mechanisms thar led [Q the formatioJ1 of the «pinna
cles» (011 Il'ing belo", 1300 m) mal' have obli,erated the
Karrenfelder (fig. 14).

Another significam finding concerns the areai distribu
tion of the Karrenfelder. This morphotype scarccly occurs
in the arca extending betwecn Campo Imperatore and the
village of S. Stefano di Sessanio, and it is rare in the arca
be,ween ,he Roiale stream vallel' and the L'Aquila plain.
By contrast, it is fairly common at the south·eastern and
sollth-western margins of the massif. These latter areas
must have been subjccted to stress and its rclease deriving
from the formation of large tectonic deprcssions of the Ti
rino R. valley, Navelli plateau and A,erno R. valley.

Finally, i, should be poinred ou' ,ha, the Karrenfelder
arc oftcn forms confincd to the small surfaces at thc top of
rhe relief or along watersheds, in a Iandscape thar would
otherwise have no record of active surface karst corrosion.
The foemation of the karrens by an extensional activity, is
a speculative assumption, which is tO be validared by more
detailcd studies, cven consid~ring the presenr tcctonic re
gime. Indeed, somc familics of karrens might open up as a
result of normal faults.

Once again, it is cvident that the Illol'phometry of sur
face karst is oot fortuitous, bur is parr of a unique geolo
gical·scructllral, lithological and geomorpho·pedologicai
setting.

The similariry berween the most common karst land
forms of Gran Sasso, those of the tropical karst (domed
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20 40 60 80 100 120 140

FIG. 13 - Dingrnm of max. vs. min. gnp of tbe rncasurcd karrcn.

strike and dip and inclination of the piane tangem [Q the
topographic surface;

- strike and dip of ,he axial pIane of the individuai karren;
max. and min. gap of their opening;

- field measurable leng,h of ,heir opening;
fidel measurable max. elep[h;
maeerials filling their opcning.
In the Karrenfelder measuring stations or in their im

meàiate viciniey, 55 structurai measuring siees were also set
up, where ehe fol1owing parameters of 1107 joims were
recorelcd:

tl'pc of joinr;
strike and dip of axial piane;
mean spacing;
Iithology and Geological Streng,h lndex (GSI) accord
ing co HOEK (2000).
The angular directions of karren and joints c1early re·

veal ehe randomness of the [WO oriemations and thus [heir
similari[y, alrhough some directions seem ro dominate.

The second rela,ion (fig. 13) deals wi,h the max. and
min. opening of che karren Iimbs, measured in the fidd
along the pare that \Vas visible.

The re1ationship is linear, 1'2 = 0.70 with probability =
95 %. This result is of paramount importance, as it may
prove thar the formariol1 of the karrens not only depends
on chemical solution, bm also 011 concurrent dilatarion of
the twO limbs of the joinr, according ro the well·known
«crocodile» mechanism (Erisman & Abele, 200 I). Hence,
the kars, process is likely CO have taken pIace preferabiy in
sires wherc, ali orhcr conditions bcing cgual. the rocks
tended to have more or lcss planar joinrs, resulting from
residual stress release upoo geodynamic tensional states.
This is supported by the fact that the orienration of ,he
joinrs mcasured insidc rhe Gran Sasso highway tunnel is
similar te that of surface joints. Howcver, thc former are
sealed and have no evidence of karst solution processcs on
their surfaces, in spire of \Vatcr dripping. Furthcrmore,
most of the Karrenfeldcr are concentrated (with a quasi
gaussian ciistribmion) at elevations of 1200 to 1600 m, in
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T,\BLE I ·i\'lam char~lCIeristics or thc (WO types of kars[ idemified in Gran Sasso

Shape of Karrenfcldcr

Clay ~lOd iron oxides coatings

Lithology

Fmctures occurrence

Siope rnorphology

Alorlg hillslope colbpse dolines

Pinnaclcs

H)'pogcal conduits

Rclmed soils

Allilllde range

RilI- brrens smoOlhly cdged. cUlIing rcddish soils (HlIc 7.5 & 5 YR ),
rclatcd tO along hill slopcs clolincs ancl h)'pogcal conduits

Frequem

Calcareous cong!oll1cratcs and Packstone

l'vloderme

Domed, scarcd;' steppcd slopcs, oceurring ncar (cctonic- karstic basins

Frcqucnt

Freque/H

Phrcalic channcls ami fraclUres

Chromic and Haplic Luvisol

500·1000 In

Reccnt & J\clUal Karst (k! & kJI

FraCtllfCS limited. sharp!)' cdgcd,
clHting brown soils (HlIe lO YRI
Vcr)' scarcc if an),

Mainl)' Mudstone

High

Irl'cgulal' and straighl slopes

An)'

An)'

Irregular fraclures

Hendz.ic Leplsol & Calcaric Phacozcm

1000-2500 m

hills) and those mainly due to chemicai weathering of crys
taUine rocks in the inrertropical environmenrs of Africa
and America, suggests thar mosr of the Gran Sasso solu
tion processes, especially ar the lowcst e1evarions, occur or
have occurred, beneath the soil cover. In the past, this cov
Cl' mllst have been much thicker and, in some cases, very
differem from the soil cover that exists roday.

As demonstrared by rhe relationships idenrified for rhe
karst plains, the deepelling is c10sely connecrcd to warer
sllpply and, subordillate1y, to fracruring alld typcs of car
bonare rock. Fracruring generaHy opcrared on a small
scale, guiding the enlargemenr of rhe joinrs and the devel
opmenr of surface karsr according ro specific tectonic
trends. On a large scale, it significantIy reduced the origi
nai anisotropy of the rock materials. thereby favouring iso
tropic solurion processes, as in the case of tropical crystal·
line rocks. Lirhology probably affecred rhe morphomerry
of the dolines. Al] other conditions remaining equal, the
rridimensional enlargemem of rhe dolines seems to have
preferably occurred in more coarse-grained materials (cal
careous conglomerates and breccias, packsrones, grain
stones, rudstones) rarher than in fine-graincd ones (mud
stones with anel withour chen Icnses). Anorher finding
concerns the genesis of the Karrenfelder and of «pinna
cles». The reiation of fig. 13 indicates [har thc process is
generalised to all the joinrs. This fact suggests [hat oroge
ncric stress release is stili under way and is likely to have
been eased by sJope modelling and ice l'etreat in the last
10,000 ycars. With regard to the «pinnac1es», rescarch
conducred on highly lirhoclased rocks in southern Eng·
land (Lewis, 1996), srresses rhe imporrance of borh chemi·
cal action in aggressive pedoclimatic environmenrs and
physical action under periglaeial conditions.

Thc data colJeeted c1early show the occurl'ence of at

icast rwo karstic stages, refleeting differenr morphologies
and alrirudes of surface karsr (rable I). Only rhe moro
phometry of the dolines infers che occurrence of an inter
mediare srage. The karsr Jandforms lying ar rhe highesr ele·
varions (Campo Pericoli) have a morphology similar [O the
ones loeated immediare1y below them. The difference ap·

pears to be local due to differem types of soil and differem
microclimatie eonditions anel ean be ascribcd to the recent
and present karsr. At these elevations and in more anciem
times, karst processes were very differem from the present,
owing to loeal adverse weather conditions. Convel'sely, the
low-altitlldc surface karst is differem. It is baseel on paleo
sols, which have dcveloped sinee middle Pleistocenc dmcs
(Magaldi & Tallini, 2000) under condirions rhar srill con·
tinue today, albeit with a mllch lower intensity.
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