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THE 1981 ERUPTIVE FISSURE ON MT. ETNA:
CONSIDERATIONS ON ITS EXPLORATION AND GENESIS

Angelo Leotta " and Marco Livzeo

ABSTRACT

This paper is targeted oen omslysis of leatunes comnmon toeovarioms fssore caves on S BEoa Sl The
Autfiors repeat the prelimimry wesalis ol the esplosion camicd oup i e 1951 craptive Tissure. the teclnical
predblenes met during the explosaticn, the e trends and the sifferenl courses of Ui melien material msigde the
Tissure, the garticnlar morphalagics, A gepcne el s proposcd, differene Trom these chanwcterising the Bea
wle cave genesis wmd links are sogeesed boeween the sarioos fssores and the main fechonic siness sysbems
operptinng o MU i ssowell s v morpsestrocioel gomditzs of e voleane edafice of M Bl

Rorvwaends ape leogenesiaienuptive fssure: M Etoa haly

FOREWORD

The eruptive lssures of M Emna have been carelully and systematically investigat-
ed inthe Lt decade. Starting Trom o limited knowledge of the upper segment of some
[issures, this study Brooght oo list of eight Tissure coves completely sumveyed fable |1
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Some cavities, c.g. the Palombe, the Serracoeco, the Marasea and the Munnite
caves, ane parially fssure and parniadly v iebe caves: mber caves, ez, the | 780 fissure
cave, have been sealed by subsequent cruptions and cannot be further investigated. The
first two caves i e Dist resulied more than TO0 m deep. winth several hundreds of meters
[ength, wlerers our survey ascertumed much smaller dimensions mohe remainder caves,

It st be silso considered that cach Bsteral eruption outcrops from i Assore opened
i the voleano ks, which means that much more Dssure coves than the known ones
are podentially existing on ML Etna, although several Ossures are actoally inaceessible,
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GEOLOGIC PATTERNS

M B fises oo more than 3300 m North of the Plain of Catania, in the weswern
Mediterranean wrea; it is the highest dctive voleano in Europe. The st volvanic evi-
dences dute back (o SO vears ago: races of submarine intrusions have been ascer-
taned af Acicastello (Romano. 19824 a0 coastal village close to Caanin, During the sub-
seqquent phases of the voleamie activity. the voleanic axes migrated from the SE sea bat-
foann o W, shifting Trom submarine w subaerial condiions, up o the presenl posilion.

M Etna presently produces o gencrally basic muagmatism, Featured by low viscosi-
Wy lava, which i turn facilittes the lava cave Tormation. witnessed by over 200 caves
knowen and surveyed on the voleano (AAL VY. 199 )

The clussic valcanology oulines two main Kinds of cruption: the summit cruptions
and the lateral oncs. The first type outpours Trom the central eruptive apparmuoses af the
yoleano, The cemral cruptions on Mt Etna did not generute significant caves from
speleodogical point of view, due 1o several reasons; M Etnas cruptive style and prevail-
ing morphology are worth consideration among them,

The laner wvpe, e, the lateral cruptions. can outpour from swhichever side of the
volcano, at whichever height, through a breach in the surface crust. Such a gap allows
e iz o mise loward the sorface, forming one or more ephemeral cones, where-
trom explosive and effusive products are theown all arownd. The molten lava elTusions
sevvern the fommation al the well known kv lube caves. whereas the eruplive lssurcs
and the reluted overlying cones (hrough which the access w the hillivg could be possi-
blel suppon the genesis of the Tssore caves (g, 1L

The magma Dows inside the fissure by @ composte motion, which can be empo-
rally altered. since the Jocal surlacinl wpography aoverns vertical mouvements (upward
aned dowenward b and Teral downlows. The fssure is Grstimvaded By gases, which open
the preexisting weakness plancs by their high tiempersiore amd pressure, and prepane the
path Tor the hot moben material, Gases themselves sovern the upward magma motion:
the deep magn chambers hold the gases completely dissolved in the molten body, and
volcanologists name “hypomagni™ his phose, The opening of the Tissure generates
reduction in the hydrosinie pressure atfecting the mogmas this i uem induces o segre-
gatiom of the gases infe bubbles exerting their own internal pressure, and this later
phase i named “pyromagni by volcanologists. Due to their reduced density in com-
parasony with the modien material, the bubbles trend upward, and their velocity is direct-
Iy proportionmal W the square of their radios and inversely proportional 1o the viscosity
of the muten stoll (Stokes Lawd, The loss of hydrostatic pressure couses an adiabatic
dilatation of the bubbles, which inerease their ascensional velocity and share their
motion with ihe engulfing fuid.

When o bubble reaches the surface, the gases explode and can throw molien spat-
ters even at o distance of hundreds of meters (Rittmann, 1967k The spanters Talling
aronnd the fissure build up welded spatter cones named hornitos, aften aligned with the
direction of the fissure (Fig, 23 whereas the effusive vent, named oven mouth, is placed
al the Jower end of the fissure. The environment beyvond the oven mouth is wider and no
more smurated by magme and Biva con Jreely degas to the air This passage couples the
one Trom phreatic into vidose or subaerial circulation oo carstic environment. In other
wrds the magma comes o surfuce under gases posh, and owlpours from the lower end
of the fssure, This determines a Tluds Bateral motion, w0 be added o the previously
described vertical motion. Yet magma rale of discharge vary cominuously during the
eruption, and this governs in teen o downward variable motion inside the ssure,

The resulting motion of magma inside the (ssure, governed by the named faciors,
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should invalve a slantwise trend, though no witness can be found, since o diminution of
the upward push results into a fall down of the discharge mte and tis induces in lum o
downward vertical motion of the Nuid inside the Gssore, up to the end of the cruption,
Any possible slanting trace produced on the still plastic walls of the fissure, s only o
reliv, generlly effaced by the most usoal vertical groves produced by the Last motion
tFig. 3). The decreased Mow rate induces the formation of o hollow in the upper pan of
the fissure, which can be eventually explored by the speleologists (Fig, 4).

GENETIC MODEL AND CAVES MORPHOLOGY

According 1o Anderson and Grews theory (stress corrosion cracking theary, 19771
the ascending magma exerls an excess of pressure on the lithostaic load in the area
close o the surface, and this generates an upward trending gap. No preexisting lssure
is required Tor implementing this mechanism, Yer some weakness trends, gencrated by
the regional tectonics, could supply a path o the ascending magma. A pressure increase
inside the magma chamber allows the gases 1o segregate from the Muad and start an
upwared push by widening a preexisting fissure, or opening a new one in a weaker are,
Then the guses squeere themselves inside the fissare, and implement an additional
widenig by corrosion. Al this stage the molien material, pushed upward by the gases,
bursts into the gap and breaks out the sciual path of the cffusion wward the surface,

The first batch of the fluid becomes immediately chilled for the abrupt thermal fall
in the contact area with the engulling rocks, Thus a non-conducting pad prevents fure-
ther heath losses during the Aaids upward motion. The chilling of the fluid inside the

Fiw 3« Trwe prosbuced by e Lt motion Fig 4. The apper par of il Dsaone wlhach con e explonet
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fissure is centripetal; therefore subsequent concentric plaster layers are fomed, starfing
frowm the fissure inner surface.

A remarkable feature observed inside the eruptive fissures is that they consist of a
train of hollows spaced by intermediate oven mouths, rather than a single vertical hol-
low, A parallelism can be suggesied, between the outer ephemeral vents and the inner
aven mouths, aceording to the age and the position of the Nssure, by observing the exler-
nal morphology of the lava flows, The eruptive lissures are thereflore exiremely jointed
hollows which develop downward through a train of levels increasingly deep spaced by
inmer oven mouths; these Tatier are distributed according w0 a kind of regressive migra-
tion, with an increasingly low level inside the fissure, from the outermost mouth downs-
lope o the increasingly innermost ones, whose height is topographically lower,

The hollow inside the examined fssure has not a linear trend: the inper wave-
shaped surfaces governed the magmatic flow influencing local slackenings and chill-
ings ancl final abstructions contrasting the linear magmas path, The recurrent ups and
downs in the inner course of the fissure witnesses this mechanism: small rooms gener-
ated by collapsed walls, showing the engulfing rocks (Fig, 31 are ofien followed by
climbs along obstruction by chilled magma,

The walls also display horizontal whnkles due 1o the temporary magma standings,
whereas some vertical strias have been supposed 1o be the result of an altemnance between
standing and subsequent reduction in magmas discharge mite, This governs the formation
of small horizomal shelves as the stll plastic wall, missing the suppon of its Alling, slips
downward and folds prior w its final chilling (Fig. 63: in the meantime more viscous or
solid parts of the lowering Muid carve vertical grooves into the walls, Somewhens else
new surge and subsequent re-lowering of the lava Alling can be supposed (o have deter-
mined a flatening af the observed horzontal shelves with vertical sirins,

The horizontal shelves at small intervals (about one meter) could witness a remark-
able periodical alternance of standings and lowerning of the (uid Glling (Fig. 7). This
probable periodicity is surely implemented by some unknown mechanism of the
magima chamber.,

The trend of the shelves in some segments of the cave follow the ups and downs
commanded by the local wpography, though they remain essentially parallel one anoth-
er, Lateral rolls can also be observed along the lower gallery, similar to those found in
the Fava tube caves and most likely generated by the same mechanism: during its activi-
ly the MNuid deposits layers of plaster on the hssure walls, which are affected by cen-
tripetal chilling. An abrupt reduction in the rate of discharge, and the consegquent lower-
ing of the filling, deprive the inner Layer of a valid support, thus probably implementing
its curling down and reaching the final roll shape.

ERUPTIVE FISSURES AND REGIONAL TECTONICS

A basic question is whether we can correlate the Bateral eruptions with the main tec-
tomic trends of Mt Ewnas edifice, which in 1um are related with the regional wectonics, If
we can affinm that a lssure in the rock is the reply to an external siress, we can even by
and understand the relationship between the examined caves and the tensional system
ruling the eastern side of Sicily. A mere check of the direction of the surveyed lissures,
for example, shows that the Profondo-nero abyss, the Marasca cave, the Marinite hole
and the caves at Ripa della Naca display o uniform ENE-WSW trend; this trend, limited
1o some selected arcas of the voleano, follows the main faull system named “Acate-Cali-
agirone-Ponte Barca system”™ (Ghisenti & Verzani, 19811 and “Messina-Fiumefreddo
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system” (Ghiseiti, 1979 by the geologisis, the lee abyss is NNE-S3W onented. just like
the Central Chasm and the NE Crater of Mt Etna, wherss the Doves Cave trend s
aligned NNW-S5E, in accordance with the Ibleo-Maliese scam.

[n other words, o lava wbe cave can display whichever trend, somehow coverned
vily by the preexisting topography, whereas the orieniion of the eruptive fissores ane
most fikely linked with regional wectonic phenomena, which govern and implemen
their opening, This in e can explain why o fissure genesis is pot directly implemem-
ed by the magma surge, but is governed by muoliiple interactimg factors.

CONCLUSIONS

Fissure caves display several dilferences, though they share many featunes wali the
lavi tube coves: these laner are osually bl up on the preesistiog ground, whereas the
former ones dsdally Fay at o lower level, entirely contamed by the engulfing rock, Tec-
ternie stresses must be considered o basic factor in their genesis, as they implement the
woeikness trends theough which the inereased pressure pushes gases and fluid material,

Magmas motion inside the [ssore is infloenced by heavy changes in the discharge
rule (abrupl downlTows, eteoh which implement o regressive shift of the oven mouths,
and by light changes, wilnessed by smiall wall shelves featured by some periodicity,

The correspondence between the main tectenic trends of the M Ena region amd
the wrientation of the ahserved fissures is evidem, Yer we deem that the quantity of
acguired dita doesn't ver account Tor a Grm correlation between the teo phenomena. In
wny case we suppose that the Neld evidences supply some hints worth of consideration,
1 be investizated and compared with simalar siteastions i other voleamc areas,

Fissure surveys e not as affordable as other cave surveys, sinee 1hey roguine spe-
cilic techpical coutions which cannot be arranged on the spot. Yet we deem than ther
investigation and stody s worth g sieady commitment which can solve many questions
and can supply neany e very interesting Jdata.
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