




GEOLOGICAL SETTING

Roccamonfina Volcano is located 120 km
southeast of Rome and belongs to the alkali-
potassic volcanic province of central Italy,
which developed since Middle Pleistocene as a
consequence of the extension at the margin of

the Tyrrhenian sea. The volcano developed in a
topographic depression, surrounded by the
Mesozoic-Cenozoic calcareous basament
blocks of the Monti Aurunci  to the NW, Mount
Massico to the SW, Mount Maggiore to the SE
and Mount Cesima and Camino to the N (Fig.
3). The blocks expose mostly Triassic to

Cretaceous shelf carbonates overlain by
Miocene flysch shortened by the Apennine
orogenesis. Starting in the Late Miocene, crustal
extension associated with rifting of the
Tyrrhenian basin caused the development of the
Horst and Graben structural character of the
area. Roccamonfina lies at the intersection of a
main NW-trending tectonic depression and the
transverse, NE-trending, Garigliano Graben
(Fig. 2).
Volcanic activity at Roccamonfina has been
subdivided into three main Epochs (DE RITA &
GIORDANO, 1996): the first Epoch (630-400 ka)
includes the time span between the oneset of
volcanism until the main summit caldera col-
lapse. During this Epoch 100-120 km3 of mainly
high-potassic lava and strombolian deposits
were erupted. The second Epoch (385-250 ka)
comprises highly explosive eruptions from
vents located inside the caldera, along a NE-
trending fracture system. These eruptions
emplaced small-to intermediate volume, phono-
litic to trachytic ignimbrites, which produced
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Fig. 3 - Satellite image of the studied
area. Roccamonfina Volcano is a
Pleistocene composite volcano, about 10
km in radius, belonging to the Roman
magmatic Province, along the
Tyrrhenian margin of the Italian penin-
sula. It is located south of Rome and
north of the Vesuvio and Campi Flegrei
volcanoes. It developed in a depressed
area at the intersection of the main NW-
trending tectonic depression and the
transverse NE-trending Garigliano gra-
ben. The volcano is sourronded by the
Mesozoic-Cenozoic calcareous structu-
ral highs of the Mts. Aurunci to the NW,
Mt. Massico to the SW, Mt Maggiore to
the SE and Mt. Cesima and Mt. Camino
to the N.

I)  BALLINI et alii (1989a); II) BALLINI et alii (1989b); III) BARBERI et alii (1978); IV) BERGOMI et alii (1969); V) CHIESA et alii (1985); VI) DE RITA & GIORDANO (1996);  VII)
GHIARA et alii (1973); VIII) GIANNETTI & LUHR (1983); IX) LUHR & GIANNETTI (1987); X) RADICATI DI BROZOLO et alii (1988). 
The WTT symbol stays for "White Trachytic Tuff." It has been retained because it is an old term, very used in the international letterature concerning Roccamonfina Volcano.



the largest contribution to volcaniclastic sedi-
mentation in the area. The third Epoch (250-50
ka) is the last eruptive epoch and involved the
emplacement of two latitic lava domes inside
the caldera along the NE-trending fracture
system. Effusive and explosive activity occur-
red from many parasitic centers aligned along
N-trending lineaments. The total volume erup-
ted during this Epoch is about 1 km3.
The southwestern sector of Roccamonfina
Volcano records the emplacement of volcanic
and volcaniclastic products across the entire
time span of the life of the volcano.
The older pre-caldera products have been
included in the Monte Ofelio succession,
which is part of the La Frascara Lithosome.
The succession is mostly constituted by tephri-
tic-phonolitic lava flows and by pomiceous
lapilli fallout beds.
The overlying five small to intermediate volu-

me compound ignimbrite
units have been included
in the Piana del Riardo
Synthem and are found
along the middle and
lower slopes of the volca-
no (LUHR & GIANNETTI,
1987; COLE et alii, 1993;
GIORDANO, 1998).
The post caldera activity
includes almost five major
median volume ignimbri-
tes (1-4 km3; D.R.E.), cha-
racterized by fall surge
deposits, ignimbrite flow
units and by syn-eruption
deposits related to the
immediate reworking of

the unit during and inmediately after each
eruption.

LITHOLOGICAL CHARACTERISTICS AND
GEOMETRY OF THE SYN-ERUPTION 
AND INTER-ERUPTION DEPOSITS

Each syn-eruption lahar deposit associated with
the five ignimbrite units of the Piana del Riardo
Synthem is monogenetic in that derive entirely
from the ignimbrite's components (ash, pumice,
crystals and lithics) and shows significant lateral
facies variation according to the paleotopo-
graphy. The ignimbrites are made of several
cubic kilometres of loose pumice and lava lithic
debris emplaced along the hyperbolic slope of
the volcano. 
The lahar deposits are organized in a coarse-
ning-upward, aggradational, and back-stepping
succession of medium- to thickly bedded, pro-

gressively juvenile-poorer, non-cohesive debris-
flow to fluvial deposits. 
The WTT-Cupa-related lahar deposits offer a
good example of how volcaniclastic deposits
relate to their primary volcanic deposit along the
slope of the volcano.
In proximal facies, along the steep upper slopes
of the volcano (logs A and B in Fig. 6), several
cross-cutting, box-shaped channels cut the
ignimbrites (Fig. 7). Channels are filled with
sand to cobble-size, lava lithic-rich well sorted
deposits which can be interpreted as fluvial and
hyperconcentrated-flow sand and conglomerate.
They represent lag deposits related to processes
of bulking due to the removal of light pumice
and ash debris from the upper slope. 
Along the middle slopes, where the average
inclination decreases to few degrees (logs C and
D in Fig. 6) the ignimbrites are cut by low relief
erosion surfaces. The volcaniclastic deposits
that onlap this erosion surface form a coarsening
upward succession whose lower part is made of
tabular, purely aggradational medium bedded
ash and pumice-rich sand and silt deposits (Fig.
8). Density and water-escape structures are
common (Figs. 9 and 10). Upward, the succes-
sion becomes progressively coarser, with
increasing presence of well-sorted conglomera-
te lenses and sheets, interbedded with and cut
with-in aggradational ash rich deposits of the
underlying facies (Figs. 11 and 12). The juvenile
component decreases to less than 50% of the
deposit. The deposits of the lower part of the
medial facies succession are mainly emplaced
by hyperconcentrated flows to non-cohesive
debris flows, whereas the deposit of the upper
part of the succession suggests the occurrence
through time of highly energetic flood events.
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Fig. 5 - A) Stratigraphical relationship between UBSU and
volcanic units and organization of the volcanic products.
Following the indication of FISHER & SCHMINCKE (1984; first and
second columns to the left) we propose to name eruptive units
those deposits limited by unconformity surfaces, such as soils,
erosional surfaces corresponding laterally to deposits ecc.,
indicating significative breaks during the activity of a volcano a
generally limiting an eruption. Lithosoma corresponds to the
Eruptive succession of FISHER & SCHMINCKE (1984) and includes
units deposited during longer periods of the volcano history
usually closed by caldera collapses or modification of the
chemical-petrographic composition of the products. The small
scheme shows that regional unconformities limiting Synthem
may not influence the evolution of the volcano, whereas
significative discontinuity in the history of the volcano may not
coincide with regional unconformities. For these reasons we
suggest to use a different nomenclature for the sytratigraphic
organization of volcanic rocks. This has the advantage to
evidence the evolution of the volcano in its regional contest. 
B) Stratigraphic scheme of the southwestern area of
Roccamonfina Volcano. The scheme evidences the geometrical
and stratigraphical relationship between regional synthems,
volcanic lithosomes and eruptive units. Numbers refer to the
map legend. Lithosomes are bounded by two different in color
lines when the basal unconformity has both regional and
volcanic significance. In each eruption unit syneruption and
inter-eruption deposits have been included.

Fig. 4 - Panoramic view of Roccamonfina Volcano from the south-west. The
western slopes of the Roccamonfina ancient strato-volcano are still well preser-
ved and show high slope gradients gently lowering to meet the flat area of the
ring plain. This ancient morphological shape of the strato-vulcano strongly affec-
ted the empalcement of the ignimbrites of the Piana di Riardo Lithosome.
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Along the lower slopes of the volcano  in distal
facies (Logs E and F of Fig. 6) and in the sur-
rounding ring plains, where the morphology is
almost flat, lahars emplaced an aggradational
succession of bedded, ash-rich, hyperconcentra-
ted-flow deposits entirely derived from the
ignimbrite's components. 
The succession coarsens upward with increasing
presence of lava-rich conglomerate lenses, flu-
vial in origin, interpreted to record the progres-
sive restoration through time of the drainage
network. The vertical transition from the finer to
the coarsen facies has been called the Facies A
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Fig. 9 - Density structures developed between a lower ash-rich
bed and the upper lithic-rich bed (Masseria Frazzano, log E of
fig. 6). These type of structure generally characterize medial
facies, along the middle slope of the volcano.Fig. 8 - Tabular aggradational succession of medium-

bedded, juvenile rich deposits (Masseria Frazzano, log E
of Fig. 6). Individual beds are coarse-tail graded with
pumice concentration zones (pcz) developed at the top
and lithic concentration zones (lcz) developed toward the
base, above few centimeters of  reversely graded beds.

Fig. 7 - Box shaped channels filled with lava-rich
conglomerate and sand cutting the WTT-Cupa
ignimbrite at proximal location (Tuoro di Sessa,
log A of Fig. 6). The box shape of the channels
suggests erosion by sediment-loaded, braided-
stream flows (ALLEN, 1982).

Fig. 6 - Stratigraphic logs measured through the WTT-Cupa-related lahar deposits along
the slope of Roccamonfina volcano. To show how syneruption and intereruption deposits
relate to the ignimbrite deposit we use the example of the WTT-Cupa ignimbrite and its
related lahar deposits. The stratigraphical logs have been measured at different locations
along the slope of the volcano. Number refer to locations indicated in the small square
(upper right). Syn-eruption and intereruption deposits have been distinguished on the
base of their lothological characteristics and on their geometry. Along the upper slopes
of the volcano volcaniclastic deposits mainly consist of fluvial and hyperconcentrated-

flow conglomerate and sand deposits related to processes of bulking of still dilute lahars.
Along the middle slopes, the volcaniclastic deposits form a coarsening-upward succes-
sion emplaced from hyperconcentrated flows to non-cohesive debris flows. Toward the
top of the succession lithic-rich conglomerate lenses and ash and pumice-rich sand and
silt beds suggest the occurrence through time of highly energetic flood events. In the open
ring plain lahar deposits form a tabular aggradational roughly reverse graded beds
deposited by a sequence of hyperconcentrated flow to fluvial events in a braided river
flood plain environment (from GIORDANO et alii, 2002).

Fig. 10 - Pipe-like de-watering
structure filled with pumice lapilli
(Masseria Frazzano, log E of Fig. 6).
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/Facies B transition. The succession is cut by
incised gullies filled with polygenetic fluvial
deposits which indicate the restoration of inter-
eruption condition.
The facies association shown by the WTT-Cupa-
associated lahars allows to reconstruct an ideal
evolution through time of the drainage system
after eruptions similar to that of the WTT-Cupa
(Fig. 13). Climate conditions would be similar to
the one experienced today in Central Italy. 
At the final phases of the eruption, erosion starts
from the distal deposits of the ignimbrite and
proceeds progressively more upslope. Early
lahars are loaded of abundant fine-grained juve-

nile debris. The inferred mechanism of transport
is through debris to hyperconcentrated flows.
The ash-rich related deposits form a tabular and
aggradational geometry. Several tens of lahar
events may be possible.
Progressive reintegration of the drainage system
are indicated by the occurrence of fluvial con-
glomerate and sands in the volcaniclastic suyuc-
cession. The geometry is still aggradational.
The transition from syn-eruption to inter-erup-
tion stage is marked by the abandon of the depo-
sitional surface which therefore became exposed
to weatering to produce paleosol at the top of the
succession. 

Fig. 13 - Model for the generation and emplacement of
rain-generated lahar at Roccamonfina. The model shows
the evolution through time of the drainage system after
the emplacment of the WTT-Cupa ignimbrite (300 ka).
Climate during interglacial stage 9 (SHACKLETON et alii
1990) would be expected similar to the one experienced
today in Central Italy, i.e. temperate, with seasonal abun-
dant rains. During the early syn-eruption stage erosion
starts at the distal end of the ignimbrite deposit producing

fine-grained and juvenile rich, hyperconcentrated and
debris flows. During the late syn-eruption stage the drai-
nage network is progressively restored upslope and lahar
deposits are interbedded with fluvial conglomerates.
During the inter-eruption stage the restoration of the
drainage network and the removal and redistribution of
most of the pyroclastic debris allows the flowage of clean
streams that re-incide the lahar deposits (from GIORDANO

et alii, 2002).
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Fig. 12 - Conglomerate lenses of facies B (Masseria
Marotti, Log D of Fig. 6). Along the middle slope of
the volcano, the succession becomes upward
progressively coarser, with increasing  presence of
well-sorted conglomerate lenses.  The conglomerate
lenses are made of subangular to subrounded lava
cobbles and pebbles. The juvenile component
decreases to less than 50% of the deposit. 

Fig. 11 - Lithic rich conglomerate lenses inter-bedded
with deposits of the facies A (Masseria Marotti, log D of
Fig. 6).
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