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RELATIONSHIPS BETWEEN THE INTERNAL AND EXTERNAL
EVOLUTION OF THE MONTE CUCCO KARST COMPLEX.
UMBRIA, CENTRAL ITALY.

Fausto Guzzert

SUMMARY

The relationships berween the internal and external evolunon of the Mt, Cuceo karst
complex are studied.

A classic set of equanans, involving the oxidation of hydrogen sulphide. originared at
depeh in an evaporitle formation, is used o cxplain the presence of massive gypsum depo-
sits 10 the Mr. Cuceo and the Faggeto Tonde caves.

The distribution and the marpholagy of more than 30 caves in the system, the presen-
ce of gvpsum, always located along faults. and the presence of braken stalactites and co-
lumns, suggest that the evolution of the karst system has been conteolled by cectonic move-
ments,

Felationships berween the development of the caves and the geomorphic evolurion of
the atea afe proposed.

INTRODUCTION

The purpose of this report is to relate knowledge about the location,
shape, internal deposits and relative age of different levels of caves to the
geomorphic and tectonic history of the arca in order to understand the ori-
gin and evoludion of the Mt. Cucco kacst complex. Since the karst com-
plex, as it appears today, is the result of a long sequence of tectonic, geo-
morphic and hydrelogic events, understanding its origin and development
is important in understanding the geomorphic evolution of a whole sec-
tion of the Apennines.

The karst complex 1s located in the norchern sector of the Umbria-
Marches fold belt, in central Italy. It is developed on the western limb of
one of the major anticlines that, in an en échelon pattern, form the anticli-
norium known as the “'Ruga Interna’™ {SCARSELLA, 1951},

The complex is developed almost entirely in the Calcare Massiceio
Formation (Upper Lias), a platform limestone chat is the lowest outcrop-
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ping formation of the Umbria-Marches stratigraphic sequence (see Fig. 1
and Fig. 2 I, 11). As pointed out by PASSERI (1972} caves are formed in
the Calcare Massiccio limestone because of its high original porosity and
permeability. Caves rarely develop in the overlving limestones, marls and
shales because these rocks have a low, or very low, permeability, and a low
secondary porosity of tectonic orgin (PASSERL, 1072),

THE KARST COMPLEX

The Mrt. Cucco karst complex, is developed almost entirely under-
ground despite the presence of the deep Rio Freddo canyon, fow superfi-
cial caves, few sinkholes and karrens. More than thirty caves are present,
ranging in length from a few meters to several kilometers. Two in particu-
lar are imporrant in understanding the geomorphic and hydrologic history
of the arca and will be discussed in this papet; the Mt. Cucco cave and the
Faggeto Tondo cave.

The Mt. Cucco cave, more than 25 kilomerers long and 922 meters
decp. represents one of the most impressive cave complex in ltaly. The ca-
ve. as shown in 2 Southwest-Northeast vertical cross section of the area (see
Fig, 2 111}, consists of several sets, or levels, of gallerics connected by deep
pits. The galleries dip gently westward along the western limb of the ant-
cline. They have been formed along zones of higher synsedimentary poro-
sity, developed between oolites, oncolites and birdseyes. The palleries in
cach level are maostly sub-parallel, few ate anastomized, with a rounded,
cylindrical shape suggesting a phreatic origin. Only a fow of the existing
galleries are now accessible by cavers; most of them are plugged with mud
or flowstones. Their existence can be inferred from the morphology and
the distribution of the other known galleties in the cave.

The absence of any sign of gully crosion on the gallery's floors shows
that the phreatic levels have not been affected by any important vadose
erosive process. This fact, as will be shown later, 1s important in understan-
ding the evolution of the entire karst complex.

The different levels of the cave are connected by pits developed main-
ly along major tectonic discontinuines such as faults and joint systems.
These pits ate never older than the sub-horizontal levels thar they inter-
sect. Good examples of pits intersecting older sub-horizontal levels are:
the Saracco pit, which is developed along 2 fault or 4 set of joints and in-
tersects the galleries coming from the Sraffa region and going to the Barba-
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t1 ares; the Gitzmo and Px pits that intersecr three different levels: and the
Biceo, Berro and Torino pits that, having formed along an East-dipping
fault, cuc the galleries coming from the Orco gallery and going to the Ita-
lian area (see Fig. 2 I},

The shape and the spatial distribution of the galleries suggest thar
two different drainage systems have been active in the Mr. Cucco cave; an
older, entirely phreatic system and a’younger, mostly vadose one. The old
phreatic systemn 1s very complex. It has been active for a long period of time
forming different levels of galleries and pits. Today the system Is enarely
obsolete; the galleties are dry and, locally, parnially filled or completely
plugged by mud, boulders or flowstones.

The presence of scveral small caves on the surface, at the projected ex-
tensions of most of the phreatic levels, suggeses thar the old galleries have
been in direct communication with the surface, the actual obstrucdon
being only a temportal and later event. Seme small caves, representing the
palco-cntrances* of the system, are present on the surface only a few me-
ters of tens of meters from the Terminale gallery and che Staffa coom, on
the eastern side of the Mt, Cucco ridge. Also several small caves are present
on the western side of the ridge, at the tip of the Orsara valley.

The shape and the relative position suggest that these caves represent
the palea-springs of the cave complex, The trend of the phreacc galleries
and the presence on the surface of both pales-entrances and paleo-springs
suggests chat some, or even all, of the phreane levels presently known can
be considered as a former hydrological tunnel chat cuts across the entire
ndge,

The new drainage system is much different and completely indepen-
dent from the old phrearic one. Tt 1s developed complecely under vadose
conditions along tectonic discontinuities. The Meandrino gallery (see Fig.
2 1II), the longest known section of the vadose systern, is a sequence of
charactetistically narrow, meandering galleries and small pits shaped by
the retropressive erosion of watcrfalls. Tts overall shape is vagucly hyperbo-
lic, suggestive of the equilibrium profile of an external river; it 1s comple-
tely different from the almost linear, structurally controlled trend of the
old phreanc levels.

The Faggeto Tondo cave, 1.5 kilometers long and 350 meters deep, s
far less complex than the M. Cucco one, The cave developed during at

* The term paleo-enreances is used to mean pales-entrances to the phreatic sysiem.
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lcast rwo different periods. The upper level of the cave, in the upper see-
ton of the Calcare Massiccio Formation, represeats the fiese stage of deve-
lopment, in a phreatic environment. This part of the cave is no more than
20 or 30 meters below the topographic surface. A later event resulted in
the formation of decp sub-vertical pits along tectonic discontinuities, al-
ways 1n a phreatic environment as suggested by their morphology. Unlike
the Mt Cuceo cave, the new drainage system in the Faggeto Tondo cave
follows the old galleries, croding gullics and small ravines on their floors.

At the present time almaost all of the karst complex is under vadose
condinons. All the inteenal streams show a characteristic seasonal behavior
with very low runoff during the summer and high or very high runoft du-
ring the rainy season. The only parc of the karst complex still under phrea-
tic conditions is probably the deepest part of the complex, appromimarely
at the level of the Scirca spnngs, the only known springs for the entire
karst complex (BERTOLUCCT ET AL., 1975; BOILA BT AL., 1983 DRAGONI
ET AL., 1982). Only u few and local perched aquifers are present inside the
caves in form of small lakes and siphons. This is typical of the sub-surface
karst hydrology.

THE ORIGIN OF GYPSUM DEPOSITS

A peculiar characteristic of the Mt Cucco karst system is the presence
of gypsum inside the caves. Gypsum is presnt both inside the Mo, Cucco
cave and in the upper level of the Faggeto Tondo cave. The deposits are lo-
cated everywhere near faults or joines, along two levels, The toral volume
of the gypsum can be estimated as slightly in excess of 1-10° m?,

The presence of abundant gypsum deposits is peculiar and raises a
number of questions. How can gypsum, a caleium sulphate with a solubi-
lity product higher than that of calcium carbonate (K, CaCOy = 4.2-1077
mol/1, T = 20°C; K, CaS0y-2H30 = 2.3:10*'mol/1, T = 25°C) preci-
pitatc inside a cave? How can it be present at more than 1300 metets of
elevation inside a cave when the nearest external pypsum deposit 13 mote
than 1¢ km to the East and at no more than 450 meters of alticude {SERVI-
Z10 GEOLOGICO D'ITALIA, 1979)? Moreover, where does all this gypsum
come from? Does any connecuon exist between gypsum deposits and the
cave developrment?

The Mc, Cucco karst complex is not the only one in the world thart
contains gypsum, In the United States, several caves conrain gvpsum de-
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posits: the Carlsbad caverns in the Guadaloupe Mountains of soucheastern
New Mexico, the Crevice cave in lowa and the Kane cave in Wyoming are
sorne of them.

A number of hvpotheses have been proposed to explain the ongin of
the massive gypsum deposits inside these caves, In particular, two diffe-
rent proups of hypotheses are available in the literature, A tradivional
sroup considers gypsum as a deposit from sulfate-laden waters during a se-
condary cvent in the caye history (J.H. BRETZ, 1949, L. HOBERG, 1945,
Goobn, 19571, A second group considers gypsum as che resule of the repla-
cement of the calcium carbonate by sulfate, or the solution of calcium car-
bonate by a mechanism invelving sulfate precipitation. The deposition of
gypsum s thought to be contemporaneous to the cave development, At
least three different mechanisms have been proposed:

MOREHOQUSE (1968} and JAGONOW {1978) propased a mecha-
nism invalving the oxidation of pyrite (FeS;) and the production of sulfu-
ric acid (HOWARD, 1960). The chermistry can be summarized as follows:

4Fe5; + 150; + 14H;0 + 16CaCO,; [—18CaS0, + 2Fc;0;01nH,0 +
8Ca+* + 16HCO;~ (n

PALMER ET AL (1977) suggested a large-scale gypsum replacement
of carbonate in the deep phreatic zone, following the reaction:

;0 + CaCOs + S0~ —— COy™ + CaS042H,0 (2)

Finally EGEMEIER (1973) proposed a 3-step gypsum replacement
mechanism acting near the air-water interface and based on a sulphuric
acid reaction produced by oxidation of hydrogen sulfide in the cave for-
ming water. The chemical equilibria are as follows:

H,8 + O —— 25 + 2H,0 (3.1)
25 4 2H; 0 + 30y —— 2ZHS() + 2H~ 3.
H50y « H* + H: O + CaC{y——CaS0y 21,0 + C0; i3.3)
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DAVIS (1980) suggested that hydrogen sulfide could orginate at
depth in oil-bearing evaporitic rocks where condition were anacrobic. The
reaction, with or without the presence of sulfur-reducing baceeriz (KIRK-
LAND & EVANS, 1976; DAZY & GHILLOT, 1982}, is as follows:

CaS0,; + CHy(+ Bacteria) —— H;5 + H;O + CaCO; + Energy  (4)

DAVIS (1980) proposed that the hydrogen sulfide originated via the
reaction {4) and then ascended in solution along faults to the cave level,
On becoming acrated at the water-air interface, the hydrogen sulfide oxi-
dized to sulphur and for sulphuric acid which, on encountering limestone,
reversed the replacement process and converted calcite to gypsum accor-
ding to the Egemeicr proposal {reactions {3)).

In the Mt. Cucco cave, three deposits of massive gypsum are known to
date. They are located in the first part of the Barbary gallery, in the final
section of the Burella gallety and in the Orco gallery (Fig. n. 2 111). In the
Barbari and Orco galleries, pypsum seems to be laying on the cave floor
whereas in the Burella gallery gypsumn seems to be part of the cave floor.

The amount of gypsum is much preater in the Faggeto Tondo cave,
despite its small size. Gypsum is spread along the upper part of the cave
and, as in the Mt. Cucco cave, it is located near to or dewnslope from
faults of major joints.

These sulphate deposits have not eriginated by precipitation from
standing waters, either in a vadose or phreatic environment. They are scat-
tered and too far away from any possible paleo-cntrance of the system. If
they originated from cooling waters coming from outside the caves, the de-
position should have taken place in the part of the caves closest to the sur-
face, not at depth. Morcover, the only known external source of gypsum is
the GGessoso Solfifera Formanon (Messintan) with the closest outcrops more
than 10 km to the East and at only 450 meters of elevation (SERVIZIO GEO-
LOGICO D'ITALIA, 1979). It is difficult to think of 2 mechanism thar could
transpore gypsum for such a long distance and across a major ridge.

Similarly, the gypsum is probably not derived from pyrite oxidation
via the mechanism proposed by Morehouse and Jagonow. The Umbria-
Marches sedimentary sequence does not contain pyrite or any other sulfide
in sufficient quantities for the process to take place.

The presence of gypsum in the area can probably be explained by the
Egemeier-Davis proposal. A 2000 meter thick sequence of anydrite and
dolomite at depth under the Calcare Massiccio Formation could be the
source for the hydrogen sulphide. This sequence, the Amdridi di Burano
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Formation, never outcrops, but it has been drilled for more than 1000 me-
ters of thickness 20 kilometers Northwest of the studied area and it is com-
monly helieved to underlie the Calcare Massiceio Formation in the
Umbria-Marches arca. A very small amount of hydrocarhon in the anydnoee
could jgénemte hydrogen sulphide (KIRKLAND & Evang, 1976; DAZY &
GRILLOT, 1982) which could risc in water along normal faults w the level
where it could be mixed with fresh water, causing in turn the oxidation of
hydrogen sulphide, the production of sulphuric acid and the replacement
of limestone by gypsum (EGEMEIER, 1973; Davis, 1980).

This replacement process, limited in space and time by the quantity
of hydrogen sulfide available, could take place both inside already existing
caves of outside the caves, Since the solubility of gypsum in water is high
and cthe total volume of the deposits was probably small, only the deposits
inside the caves could survive surface weathering and dissolution,

This model can explain why gypsum is always located near faules, the
difference in volume among different deposits and cheir morphological
appearance.

TECTONIC AND GEOMORFPHIC IMPLICATIONS

The hydrologic conditions in the area have been changed several n-
mes during the formation of the caves. Each level of galleries in the Mt.
Cucco cave can be considered as an old and independent hydralogical le-
vel, suggesting thart the karst complex has not been developed all at the sa-
me nime but instead through several steps, at least one for cach main level
of palleries.

Mast of the galleries have been formed under phreatic conditions;
both the reunded shape and the lineat trend support this idea. Moreaver
the gallety’s floors do not show evidence of later gully erosion, suggesting
that no important vadose event ever took place inside the caves. The tran-
sition from an old phreatic level to a decper, new one has always been fast
enough not to leave ravines or canyons.

Only a few galleries in the Mt. Cucco cave have formed under vadose
conditions. These galleties represent che actual underground drainage sy-
stern. They gencrally follow tectonic discontinuidies and they are everyw-
here youngest than the old phreatic levels thae they intersect.

In order to understand the genesis and developmenc of the karst com-
plex, two different models of evolurion of the Mt. Cucco cave have been
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prepared by the author (Fig, 3). The firsc model (A) is based on the hypo-
thesis that the dischatge area drops while the recharge area remains at a re-
latively constanc, higher level. The fall of the discharge area can be the re-
sult of the erosion of an impermeable laver {i.e. Bungarone or Scisu a Fu-
coidi Formations) as well as the down-dropping action of an active normal
fault, or even o combination of both mechanisms, Which mechanism has
becn active Is not imporrant from a speleogenetic point of view; the erosi-
ve mechanism being probably only more gradual than the tectonic one.

The model shows that each time the discharge arca drops, the active
level of phreatic galleries 15 suddenly abandoned in favor of a deeper, new
one, The model, however, cannor explain the presence of some galleries,
such those in the Staffa arca.

The Staffa arca i1s charactenized by phreatic and anastomized galleries,
close o the surface at 1300 meters of elevation. The origin of these galle-
nics and the presence of paleo-entrances at their projections to the surface
can only be explained by assuming that the recharge area, as well as the di-
stharge area, drops in elevation. This 1s the hypothesis used to prepare the
second model (B) of fipure 3. The recharge and discharge arcas probably
did not always drop simultaneously or with the same amount of offset.
The differential drop can explain why che phreatic levels are not perfectly
parallel,

In the second model {B) (Fig. n. 3}, the drop of both the recharge and
discharge areas is thought to be duc to the action of normal faults. The
evidence that gypsum deposits are always located near tectonic disconti-
nuities suppoits the idea of an important tectonic activity and suggests
that the nse of sulphate-laden water along normal faults can be related to
hydrothermal pumping, caused by an unusually intense tectonic activiey
in the area. In this view, each main level of sub-horizontal gallenes repre-
sents a period of relatve quiet in berween periods of intense seismic and
tectonic activity that down-dropped the recharge and/or the discharge
areas, and evenrually resulted in the deposition of gypsum.

The presence in the upper level of the Mt Cucco cave {Cartedrale
room and Galleria Terminale} of several broken stalagmites and columns
suggests that the area has been affected by recent tecronic activity {this sce-
tion of the Apennines is currently active). The dripstones do not seem to
be broken for instability reasons {i.e. overweight). Columns up to 1.5 me-
ters in diameter have been broken and shifted several centimeters along
horizontal planes. Broken and non linear stalagmites have been observed
in other caves of the Umbria-Marches area (FORTI BT AL, 1983; FORTI &



MODEL A MODEL 8
R D¥sch Rechorge
DTJ'}EEr X gﬁ;ﬂn# lurm : nmnl
P !

2 . - ii-'&k._.___ ; i %}_

J : '. / :
o i i ———— :
w ' , \ |
b ! 1 i ' 1 i
0 i i '

; . I
r l ,

T R

o | i #f{— i
w [ A5
|
e i

| T .

i 1

]
"
o
wr
=
n
=
-9
Ll
-
w
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Madel A is hased on the hvpothesis that (he discharge 2eea drops while the recharge atea re-
mains at a relatively constant, higher level. The fall of the discharge atea is the resulr of the
down-deapping acicn of 2 normal faule. This model cannot explain the presence of the palle-
ries i the Sraffa area.

Mndel B is hased on che assamption that both the recharge and discharge areas drop breaase
af the down-dropping effect of neemal Gaults, This madel can explain the origin and evobs.
vion of all the knewn galleties in the cave sysrem. The discharge and the recharge areas are
only autlined, Their real position during each scep may be dilferenr feam whar shown in the
ligare.
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FPOSTPISCHL, 1984}, These authors proposed thar the dripstones were til-
ted, and eventually broken by nco-tectonic movements. The presence of
broken or non linear stalagmites and columns cannot be related o any
particular tectonic event, but it suggests that the area has been recently ac-
tiye,

The history of the Mt. Cucco karst complex is related to the tectonic
and geomorphic evolution of the entire arca. The karst complex, as it s to-
day, is the final product of a complex series of events thar changed the hy-
drology of the area several times.

The acrive hydrologic condition, even if not completely clear, is relat-
vely simple. The watershed strikes North following the highest ridges and
only in a few places it is slightly shifted. Where a major river (i.c. the Sen-
tine river) cuts across the entire antichnonum, the divide is shifted to the
west and water is diverted from the Tyrrhenian side to the Adratic side of
the watershed. Where an underground, structurally controlled, drainage
svstcm 1s acting, as 1o the Mo, Cucco area, warer is diverted o the West
and the divide is shifted to the East.

The present situation is probably. in many aspect, similar to those in
the past during periods of relative tectonic quiescence. During chose pe-
riods, a well-developed underground drainage system could slowly form
along the west-dipping strata of the Calcare Massiccio, diverting an increa-
sing amount of warer from East to West. The intermediate periods of in-
tense tectonic activity resulted in 4 rapid change of the quiescent situa-
tions, causing a relative uplift of the ancclhinorium. In the karst complex,
the current phreatic levels were suddenly abandoned in favar of new, dee-
per oncs; while che Sentino river, because of the relaove uplift of the anti-
clinorium, lost the upper patt of its water basin. The result was a more li-
near watershed, with no, or few, deviations from the highest ridge line. At
the end of each tectonicly active peried, the entire system gradually adju-
sted o the new conditions.

FINAL REEMARKS

More work needs to be done to fully understand the origin and evolu-
tion of the Mt, Cucco karst complex; nevercheless a few conclusion can be
drawn:

— The karst complex has not formed all at one time, bur instead it is
the result of the tectonic, hydrolegic and geomorphic evelution of the en-
tire area,
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— The gypsum deposits present inside the caves are the result of the
reaction of sulphuric acid, denived from the oxdation of hydrogen sulfide
with limestone. The hydrogen sulfide originated at depth in the Anidridi
di Butrano Formation and rose to the caves level along normal faults.

— The tectonic behaviour of the Mt, Cucco arca, as suggested by the
karst complex development, can perhaps be related to a stick and slip mo-
vemnent along major local faults.

— If gypsum is dated ar least one of the tectonic events that took pla-
ce in the Umbria-Marches Apennines can also be dated.

The model proposed for the evolution of the studied karst complex
does not take into accout any majer change in the climatic conditions of
the area, If the climate and. in particular, the amount of rain changed very
much during the development of the cave, as it is probably the casc, the
evolution of the entire complex would be much more complex than that
predicred by the model,
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