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P. Mopmapu, E. TOI.Il#U - reomexHU'U!CKaR OlleHKa csepx
HJlZPY3KU, npuMeHeHHQJI K speMeHU o6pa306QHUJI l#eH
mpallbHhU: AneHHUH (HmaAWI}. - ,ll)u1 TO'fHOit o~eHJCH 
WUCIDda.JlbHOH CBepxnarpyJICH nJ06biX Ce.D,HMeHTOB C03· 
.aa.H reoTeXHH'feCICHH MeTO.D,, ICOTOphlH OCHOBhiB8CTC.II H8 
no~:oecon.a.D,aUHOHHOM .nasn.enuu. MeTO.D. npHMeeeH r.: 
UelfTl'aJlbHhiM AneHHHH, r.ne DOJ.D,HeMHo~eHOBhle flmHnJe· 
Bhle OTJIOlKeHHJI o6n8lKaJOTCJI B y.nJIHHeHHbiX .nenpeccHJIX, 
pa3JleJllllOWHX rophl Kap6oHaTHbiX nopo.n. 3-ru .nenpec
CHH OO~HO HHTepnpeTHpYJOTCJI K8K OCT8TDI npe.nrop
HhiX BDa.D,HH, COJ.D,aHHbiX B DOJ.D,HeMHOl.{CHOBOC - paHHC· 
IL'IHOQCHOBOe BpeMJI, H MHrpHpYJO~HX C JOr0·38Da.D,8 IC 
ceBepO-BOCTOJ:Y. 3-fOT cPJIHW JIBJIJieTCJI 'f8CTblO TeppH· 
reBHOB DOCJie.D,OBaTeJII:tHOCTH, ICOT0p8.11 H8'fa.Jl8Cb B TOp· 
TOHCI:OM DeiCe H HaKJia.D,hiBa.JiaCb C nepeXO.D,OM H B COrJI8· 
CHH c HHlKenelKaweit nocne.nosaTeJibHOCTbJO ~:ap6onaT
aoi rut8TcPopMhl. feOTexHH'IeCKOe HCCJle,D,OBaHHe 39 HCH8· 
pymeaBJ.lX aprHnn.HTOBI:tiX o6pa3l.{OB, co6paHHl>IX rnaB
HhiM o6pll30M B OCHOBHbiX 'faCTJIX TeppareHHOH DOCJie· 
llOB~neJlbHOCTH, DOICa:JaJIH y.nHBHTeJibHhiM o6pa:JOM, 'fTO 
DepBOHa'faJibHaJI MOIUHOCTb 3TOH DOCJie.D,OB8TeJlbHOCTH 
6wta DOCTOJIHHOH BO BCCX OT.D,eJibHbiX 6acceAHOB, 8 HMeH· 
HO, 5900 M. B COOTBCTCTBHH C 3THM Mhl npe.D,DOJiaraeM, 
'ITO TeppurennaR nocne.nosaTeJibHOCTb o6pa:Josanacb B 
CllliHBOM DOHHlKaJODleMCJI 6acce8He, 'fb.ll OCHOB8 OCT8-
Ba.JiaCb O'feHb DJIOCICOH .D,O OICOJIO ].J MJIH. ro.n H8.38.D,. Mhl 
JJpeJlDOJiaraeM, 'fTO OCHOBHOH TeiCTOreHCJHC AneHHHH HC 
MOr COCTOJITbCR .D,O TOrO BpeMCHH; DOJ.D,Hee, Jtap60H8THIUI 
WJanf>opMa 6hiJia BhiBe.nena OT rOpH30HTa.JIH, 6hiCTp0 
CJ:OJibJB)'Jia K AJlpHaTH'feCKOMY lKeno6y, H p8C'fJleHHJJ8Cb 
aa cpparMeHThl, B .nenpeCCHJIX MeQy ICOTOphiMH 6hiJIH 
sosneqenhl cpparMeHThl TeppurenaoA nocne.nosaTeJib· 
HOCTH . 

Abstract. In order to state the exact value ofthe maximum 
overburden undergone by a sediment, a geotechnical method 
based on preconsolidation pressure was set up. It was 
applied to a region of the central Apennines where late 
Miocene flysch sediments occupy elongated depressions 
separating mountains of carbonate rocks. These depressions 
are commonly interpreted as the remains of different 
foredeeps built between the late Miocene and the early 
Pliocene, migrating from SW to NE. This flysch is part of a 
terrigenous sequence that has started in the Tortonian and 
superimposed with continuity and conformity on a carbonate 
platform sequence. The geotechnical analyses of 39 
undisturbed clay samples, chiefly collected near the base of 
the terrigenous sequence, surprisingly show that the original 
thicknesses of this sequence were constant among the 
different basins: 5900 m. We therefore suppose that the 
terrigenous sequence sedimented in an unique subsiding 
basin, whos·e bottom remained very flat until about 1. 1 
million years ago, when the sequence lasted to be deposited 
with continuity. We suggest that the main Apennines 
tectogenesis could not have taken place before that time: 
later on, the carbonate platform tilted, quickly slided towards 
the Adriatic trench and broke into fragments separated by 
depressions, where the terrigenous sequence was driven in. 

Mortari, R., Tozzi, E. 1998. Geotechnical assessment of overburdens applied to the timing of building 
of the central Apennines (Italy). - Geologica Bale., 28, 1-2; 11-27 
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Introduction 

In the Latium, Abruzzi and Marches regions (Fig. 1) 
a upper Miocene flysch crops out widely in a number 
of topographical depressions within the Apennines 
mountain range, oriented from NW to SE and separated 
from each other by ridges of carbonate rocks of late 
Triassic to middle Miocene age. 

According to many authors (Patacca, Scandone, 
1989; Boccaletti et al., 1990; Patacca et al., 1990, 
1992; Centamore et al. 1990, 1992), these depre
ssions are the remainders of different basins that 
were distinct foredeeps of the Apennines belt, pro
gressing from the late Miocene outwards towards 
the NE. In Fig. 1 these basins are marked by letters. 

Fiela observations show that the present maxi
mum thickness of the flysch is not equal in the diffe
rent basins. The highest value is observed in the Laga: 
more than 3000 m (Centamore et al., 1978, 1990). 
On the other hand, in the southern Valle Latina the 
maximum thickness is 500 m (Accordi et al., 1969), 
whereas in the northern part of this valley a value of 
at least I 000 m was estimated (Damiani, Salvati, 
1977). Generally thicknesses are not considered to 
be constant throughout the same basin: for instance, 
Centamore et al. ( 1990) describe striking pinch-outs 
and much smaller thicknesses towards the edges of 
the Laga basin. Some wide unconformities in these 
sediments have been explained with channelization 
phenomena (Parea, 1977; Chiocchini, 1977). 

By field observation alone it is unclear how much of 
the overburden was removed by erosion. Nevertheless 
it is surprising that the pelitic part at the base of the 
flysch displays a similar value of water content (water 
weight/solid weight) of about 9% in the different basins. 
This value is very low even allowing a series of3000 m, 
in comparison with a similar series of the outer slope of 
the northern Apennines: with the same original burial 
the water content is determined as much as 15 % 
(Mortari, 1976):1bese two typical water content values 
correspond to porosities of 19 and 28 %, respectively. 

Beside the low water content, its uniformity at the 
base of the flysch is not in agreement with the different 
development of the various basins, as reported by 
the authors. 

Therefore, low values and uniformity of the water 
content, together with other considerations, have led 
us to consider these basins as having an identical 
geological history rather than different histories both 
in space and in time. 

In the present work we will illustrate the way by 
which we have defined the original thicknesses of the 
flysch. These values actually turned not only to 
be different from what was previously reported 
but moreover do not essentially differ from one 
basin to the other. 
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This fact has great consequences on the inter
pretation of palaeogeography and tectonics of this 
area: the resulting picture is very different from 
the present interpretations of the ways and timing 
of the Apennines building up. 

Stratigraphy of the study area 

The oldest term of the central Apennines is rep
resented by Upper Triassic anhydrites and do
lomites, followed upwards by a carbonate platform 
sequence. Starting from the Middle Lias, the subsi
dence rate became very different in the two parts 
sharing a meridian tectonic line named "Ancona
Anzio'' (Fig. 1 ): westwards a rapid deepening oc
curred whose effects lasted until the Miocene. 
Eastward, in contrast, a platform carbonate sedi
mentation took place till the end of Cretaceous; 
after a wide hiatus, in the Early and Middle Mio
cene times, slow subsidence allowed again the de
position of other platform carbonate sediments. 

Thus, westward a Umbria-Marches sequence 
sedimented with a thickness of3500 m, of which 2400 
m belong to the lower part - aged from Late Tria
ssic to Late Cretaceous (Fig. 2, left). 

Eastwards, a Latium-Abruzzi sequence is 
outcropping as thick as 5000 m, ranging in age from 
Late Triassic to Late Miocene (Fig. 2, right). Between 
the two sequences a transition facies is present in a 
10-20 km wide belt, that represents a slope area 
parallel to the Ancona-Anzio line. Presently this line 
is evidenced by different gravimetric values on the 
two sides, more positive westward and more negative 
eastward (DiFilippo, Toro, 1982). 

In the Miocene time, two different flysch forma
tions were deposited in the two basins over two 
different time intervals. On the western side the 
turbiditic "Marnoso-Arenacea" Formation was 
deposited from the Aquitanian-Langhian to the 
Serravallian-Tortonian (Ricci Lucchi, 1975a). 

On the eastern side flysch deposition started not 
before the Tortonian. In this later area a platform 
environment prevailed till the Serravallian and ended 
with limestones with bryozoans and lythothamnians. 
These limestones do not only overlay platform 
deposits: they also overlay marls of carbonate ramp 
near the platform edges as in the Laga region. 

In the Serravallian time, a deepening began slowly 
and then became faster in the Tortonian. Deepening 
increased more and more, allowing the deposition of 
marls very rich in plankton (known as "Marne a 
Orbulina") in Latium and in the western part of 
Abruzzi region, as far as the southern part of the 
Laga basin. In the eastern Abruzzi these marls are 
named "Marne a Pteropodi" and their age is Middle 
Tortonian - Early Messinian (Centamore et al., 
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1992). In the Laga and other basins the age of the 
~e a Orbulina" is Late Tortonian - Early 
_ essinian (Centamore et al., 1992; Cipollari, 
Cosentino, 1992; Patacca et al., 1992). 

Surprisingly, all over the study area very similar 
maximum thicknesses of about 50 m were found 
both for the "Marne a Orbulina" (Accordi et al., 
1969; Civitelli, Corda 1988) and "Marne a Ptero
podi ' (Marsili, Tozzi, 1992; Funiciello et al., 
1993). However, these marls are frequently 
reduced or absent. 

Previously, the age of the "Marne a Orbulina" 
had been differently determined by the different 
authors: it was thought to be Serravallian (Accordi, 
1966), Early Tortonian (Cosentino, Parotto 1986), 

or Serravallian- Tortonian (Civitelli, Corda 1988); 
some authors regard it as Late Tortonian only in 
the western parts of the study area while in the 
eastern parts it is referred to the Messinian (Patacca 
et al., 1992; Cipolh¢, Cosentino, 1993). Centa
more et al. ( 1978), who locally found a Tortonian 
age for the "Marne a Pteropodi", consider the onset 
of the flysch sedimentation diachronous in the 
same Laga basin. 

For the same stratigraphical position and the 
common presence of abundant orbulines both in 
the "Marne a Orbulina" and "Marne a Pteropodi" 
we will refer afterwards to them indifferently as 
"Orbulina Marls". 

Following further deepening of the area east of 
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Fig. 2. Schematic stratigraphy of the Umbria-Marches sequence (on the left) and Latium-Abruzzi sequence (on the right). 
A very quick deepening occurred in the Middle Lias in the first area and in the Middle Miocene in the second one 

the Ancona-Anzio line, above the Orbulina Marls 
many turbidity currents arrived and left pelitic
arenaceous deposits of siliciclastic nature, that 
alternate with interturbiditic pelitic sediments. Even 
where layers have been affected by tectonic stress 
they perfectly maintain their original parallelism. 
Sandy layers are prominent in the lower part of the 
formation. These alternating deposits were named 
"Laga Flysch" (Ten Haaf, 1958), "Latium-Abruzzi 
Flysch" (Civitelli, Corda 1988) or otherwise, but 
afterwards we will use for all of them the only 
name of"Flysch". 

For reasons that will be explained below, it is 
possible that the Flysch began to deposit at the same 
time in all the basins, and namely, in Early Messinian 
time. 

According to Ten Haaf(1958), Brambati (1969) 
and Castellarin et al. ( 1978), the source area of 
the siliciclastic turbidites of the Flysch was located 
in the Alps. On the contrary, Ricci Lucchi ( 197 5b) 
and Centamore et al. ( 1978) supposed a provenance 
from the Apennines along some narrow depressi
ons; the lack of a free expansion of the turbidite 
flows would have generally given rise to "choked 
fans" in the sense nieant by Ricci Lucchi (1975 b). 

According to some other authors, the Flysch 
of Latium-Abruzzi would have had a western 
supply (Chiocchini, Cipriani 1989). 
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A study carried out on the heavy minerals pre
sent in the turbidites, that displayed a mineral ho
mogeneity in all the Flysch basins, suggests an 
identical source area for these sediments (Civitelli, 
Corda, 1988; Civitelli et al. 1992). 

In the Laga basin the whole sequence of the Fly
sch is cropping out. Above the Flysch, a pelitic 
sedimentation continuously succeeded for the 
entire Pliocene and for a great part of the Early 
Pleistocene (Calabrian). These sediments are mai
nly marls belonging to the formation known as 
"Blue Clays", widespread with the same charac
teristics along all the Apennines and in Sicily. 

While the Flysch is widely present in all the studied 
basins, the Plio-Pleistocene Blue Clays crop out 
mainly close to the Adriatic and Tyrrhenian seas. 
Commonly it is thought that in the innermost parts 
of the Apennines they have never been deposited. 
Near the Tyrrhenian coastline the outcrops are very 
small, and the youngest terms have been found only 
in some boreholes. 

Tectonics 

Owing to the occurrence of Middle Miocene 
limestones below Triassic dolomites in a borehole 
located between the Val Roveto and Valle Latina 
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basins (Pieri, 1966), Accordi ( 1966) developed a 
translational model according to which wide 
gravitational slides took place from Tortonian time 
v.i th huge overthrusts that involved fragments of 
dle carbonate platfonn. If they were restored, the 
carbonate platform would appear at least 56 km 
larger than today. The greatest movement is suggested 
10 ba e lasted until the Early - Middle Pliocene; 
then an uplift occurred. 

The main tectogenetic activity of the Apennines 
· said to have started with Flysch deposition, yet it 
was already present during the sedimentation of the 
Orbulina Marls - as it would be demonstrated by the 
presence, below the Flysch and within the Orbulina 
_ .farls Formation, of huge lenses of some carbonate 
breccias. The greatest of these lenses, named "Breece 
della Renga", is 30 km long and 450 m thick with 
blocks of a few cubic meters of not disaggregated 
layered limestone (Devoto, 1967). 

A few smaller lenses are located not far from 
the Ancona-Anzio line (Parotto, Praturlon, 1975; 
Cosentino, Parotto, 1986; Accordi, Carbone, 
I 988). These breccias would document erosion of 
emerged areas (Cosentino, Parotto, 1986; Civitelli, 
Corda, 1988; Patacca et al., 1992). However, if 
areas of the limestone Apennines were already 
emerged at the beginning of the Flysch deposition, 
it is difficult to explain why the presence of 
carbonate debris in the Flysch is rare (Civitelli, 
Corda, 1988). 

As pointed out above, in this part of the Apen
nines the main structural element is the Ancona-

Anzio line, that was interpreted by Castellarin et al. 
( 1978, 1984) as a normal fault, active from the middle 
Lias to the early Miocene, which produced a slope 
between the two basins of Umbria-Marches and 
Latium-Abruzzi. According to the same authors, 
in the Tortonian the deposits of the Umbria
Marches basin began to fold up and the Latium
Abruzzi platform was subjected to tensile stresses, 
drowned and split into a few large blocks separated 
by depressions where Flysch derived from the 
north was deposited. A right-lateral motion of at 
least 50 km along the Ancona-Anzio line would 
have taken place between the Late Tortonian and 
the Early Pliocene shifting the feeder channels so 
that the Flysch could accumulate earlier in the 
southern depressions and later in the northern ones. 

The present relationships between the various 
units of the central Apennines can be seen in some 
geological sections, supported by geophysical and 
subsurface data (Mostardini, Merlini, 1986) and 
in balanced structural sections (Ghisetti et al., 
1993; Calamita et al.,-1994). 

The new paradigm of plate tectonics and the 
knowledge of the history of the opening of the 
Tyrrhenian basin has led many authors to think 
that the thrusts of the Apennines are not a conse
quence of gravitational slides, as assumed by 
Accordi ( 1966), but directly a consequence of 
these crustal movements, and this bas developed 
a new idea of a thrust belt - foredeep system 
migrating from the Tyrrhenian to the Adriatic sea 
(Bousquet, Philip, 1986). 
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This migration took place in various phases, 
five according to Patacca, Scan done ( 1989) from 
Late Tortonian to Late Pliocene time. During the 
most important tectonic phase, in the Tortonian, 
the carbonate platform of Latium and Abruzzi is 
thought to have been destroyed, while a complex 
foredeep with turbiditic deposits was subdivided 
into narrow longitudinal basins. In the Early Plio
cene, a new eastward widening of the Tyrrhenian 
sea was tied to a tectogenetic event characterized 
by a general foreward jump of the thrust fronts 
(Boccaletti et al., 1990); the Ancona-Anzio line is 
reputed to be the sign of one of these thrusts (Bally 
et al., 1986; Patacca et al., 1990). At this time the 
Celljno basin is quoted as the outermost and more 
recent foredeep of the study area (Centamore et 
al., 1990, 1992). In the Gran Sasso thrust belt, 
Abruzzi, deformation is thought to have mainly 
occurred between Messinian and Middle Pliocene 
times (Ghisetti, Vezzani; 1991 ). According to 
Mantovani et al. ( 1996), the most intense post
Tortonian orogenic events took place simultane
ously in the whole Apennines. 

During these tectonic phases, piggy-back and 
back-arc basins developed (Boccaletti et al., 1990; 
F accenna et al., 1994 ). Then the tectogenesis lasted 
until approximately the Emilian- Sicilian boundary 
(Patacca et al., 1990, 1992). Whereas Scheepers, 
Langereis ( 1994) recognized two compressional 
phases on the Adriatic side, one in the Middle 
Pliocene and a last one in the Middle Pleistocene 
time between 1.0 Ma and 0.7 Ma, some extensional 
tectonic phases would have occurred in the Pliocene 
and Pleistocene (Cooper, Burbi, 1986) and are 
revealed by the presence of widespread intramon
tane basins (Cavinato, 1993; Michetti, Bruna
monte, 1996). 

Study method 

In order to evaluate depositional or tectonic burial 
even when part of the overburden has been eroded, 
the most effective method is to determine precon
solidation pressure, which is related to the maxi
mum pressure undergone by a layer in the past. 

Preconsolidation can be revealed by confmed 
compression tests, or "oedometric tests", of undis
turbed samples of a fine-grained sediment. In the 
geotechnical practice a sample has cylindrical shape, 
is 2 em high and has a horizontal section of20 cm2

• 

It is subjected to vertical pressures which are 
doubled every 24 hours, so that water over
pressures may completely dissipate, and its height 
reduction is registered. The final deformation 
obtained at the different pressures is used to obtain, 
on a diagram settlement versus logarithm of pre
ssure (Fig. 3), a graph called "oedometric curve". 
This curve is typically characterized by two parts 
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of different slope, connected by a curved interval. 
The first part represents recompression while the 
second part, or "stretch of virgin curve", is largely 
rectilinear and represents a behaviour under 
pressures the sample has never undergone before. 
Therefore, the greatest pressure that the layer in 
study experienced in the past must be found within 
the connecting stretch. Applying to the oedometric 
curve the method of Casagrande ( 1936), we obtain 
the value we look for. This method consists (Fig. 
3) of l) determining the point of greatest curvature 
in the connecting stretch, 2) drawing the tangent 
and horizontal line passing through this point, 3) 
drawing the bisecting line of the acute angle a 
formed by the two preceding lines, 4) drawing the 
prosecution of the rectilinear final stretch till the 
intersection with the bisecting line. The abscissa 
of this intersection point has the value of the pres
sure searched, that Casagrande called "precon
solidation pressure" (pc). 

Although Skempton (1970) has proposed ano
ther graphical technique, and Bjerrum ( 1967) ano
ther interpretation of the Casagrande? method to 
obtain the preconsolidation pressure, we will only 
refer to the Casagrande method with a new inter
pretation. 

Because the clays in study are enormously more 
compacted than the ones found in professional 
routine investigations, a new performance of the 
oedometric test was followed This is because, by the 
standard performance and the instruments com
monly used, the applied test pressures are usually 
not higher than 6.4 MPa. Besides, since we need to 
reach a maximum pressure of about 5 times the 
preconsolidation value in order to carry out the 
graphical technique of Casagrande, by the standard 
performance only thicknesses of maximum 200 
m can be reconstructed. 

We obviated to these difficulties by varying the 
standard performance of the oedometric test as 
follows: the sample area was reduced from 20 to 2.5 
cm2 and its height from 2 to 0.71 em, so that the 
shape of the sample was not modified; in this way 
the preconsolidation pressure value does not suffer 
alteration (Mortari et al., 1990). Moreover, during 
the test, pressures were increased by multiplying them 
by a factor cubic root of 2 instead of a factor 2; in 
such a way not ~nly the oedometric curve resulted 
more definite for the greater number of points, but 
we also got a decrease from 5 to 3 of the minimum 
ratio needed between the maximum pressure to be 
reached and the preconsolidation to be detemrined, 
because the fmal right line could be defined in a 
smaller interval. At last the length of the rod weight
holder and consequently the instrument capacity were 
doubled. 

The permanence time of each pressure too was 
modified, and a value of 7 .5' was considered long 
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Fig. 4. Representative oedometric curves of9 of 39 analyzed samples 

enough to pennit the water overpressures to dissipate. 
\Ve have ascertained that the reduced perma

nence times increased preconsolidation by 8.3 %, 
\11.-bile the greater number of loadings involved a 
lowering of 4.3 % in the preconsolidation value. 
If we confront our results with those obtained from 
a standard test, we must correct our preconsoli
dation values multiplying them by a factor 0.956 
= 0.917x 1.043. We will call these values "stan
dardized preconsolidation values". 

The preconsolidation values so corrected are 
nevertheless smaller than those of the maximum 
pressure p due to the overburden. This fact 
resulted from a verification carried out in the 
sequence of Pliocene and lower Pleistocene Blue 

Clays presently as thick as 2550 m and cropping 
out along the Santerno River about 200 km nor
thward from this study area on the external slope 
of the Apennines. The original thickness of this 
sequence was of 3250 m because an erosion 
occurred after uplift and emergence (Mortari, 
1976). 

As will be shown below, the ratio betweenpc and 
p , for the sequence of the Santerno Valley, 
re"'saulted 0.65. A similar result was found in the valley 
of the Pescara River that is immediately NE of the 
study area (Mortari, Budassi, 1993). 

We will examine below the problem of the co
rrect calculation of the original thickness of a se
quence and in particular of the sequence in study, 

17 



Tab I e I 
Numerical values of lje geotechnical properties studied: w water content, r unit weight, r. specific gravity. WL liquidity 
limit, IP plasticity index. CF clay fraction, A colloidal activity, p ' experimental preconsolidation, p standardized 
preconsolidation, P,.ax maximum pressure. BC blue Clays, F Flysch, bM Orbulina Marls. c 

Sample Site Fonnation w y Y, WL IP CF A c p: Pc PIIIIIZ 
N (%) (kN/m3· kN/m3 (%) (%) (%) (MPa) MPa) (MPa) 

I Mozzano OM 9.4 23.6 26.5 32 15 35 0.43 49.0 46.8 72.1 
2 Castellalto BC 15.1 21.5 26.6 38 29 57 0.51 21.7 20.7 31.9 
3 Valle Canzano F 13.8 22.4 26.3 40 20 36 0.56 24.0 22.9 35.3 
4 Castel basso BC 14.5 21.5 26.5 44 26 43 0.60 17.6 16.7 25.7 
5 Faiete BC 14.0 22.0 26.6 57 38 40 0.95 20.9 20.0 30.7 
6 Montorio F 11.9 22.2 26.4 42 22 19 1.16 32.9 31.4 48.4 
7 Bascianella F 13.3 22.2 26.7 44 22 43 0.51 28.8 27.5 42.4 
8 Poggiumbricchio OM 5.1 23.6 26.5 29 11 29 0.38 49.3 47.1 72.5 
9 Fosso Valle Maggiore OM 6.7 23.7 26.3 32 17 39 0.44 47.9 45.8 70.4 

10 S. Antonio OM 9.5 23.1 26.5 38 17 35 0.49 47.9 45.8 70.4 
II Valle Cupole OM 10.2 23.0 26.7 36 17 47 0.36 49.8 47.7 73.2 
12 Marcetelli OM 6.0 23.8 26.3 30 11 28 0.39 48.1 46.0 70.7 
13 Pescorocchiano OM 9.8 23.2 26.3 33 18 45 0.40 49.3 47.1 72.5 
14 Tufo OM 8.3 23.5 26.9 43 23 25 0.92 47.6 45.5 70.0 
15 Ovindoli F 8.0 23.4 26.4 43 24 30 0.80 46. 1 44.1 67.8 
16 Pietrasecca OM 8.3 23.7 27.0 35 17 30 0.57 48.5 46.4 71.3 
17 S. Marie F 7.5 23.4 26.6 37 20 18 1.11 48.6 46.5 71.5 
18 Piccola Svizzera F 9.2 23.5 26.9 41 21 25 0.84 47. 1 45.0 69.3 
19 Verrecchie F 9.7 23.2 26.8 42 22 28 0.79 45.4 43.4 66.8 
20 Cappadocia F 8.5 23.7 27.2 33 12 16 0.75 48.0 45.9 70.6 
21 Pisoniano OM 10.8 23.0 26.7 44 24 37 0.65 49.3 47.1 72.5 
22 S. Vincenzo F 8.5 23.5 26.6 45 25 28 0.89 46.1 44.1 67.8 
23 Pescasseroli F 7.5 23.2 26.4 31 16 11 1.45 47.7 45.6 70.2 
24 Alatri OM 8.0 23.1 26.2 34 17 11 1.54 47.8 45.7 70.3 
25 Y. Comino F 9.0 23.4 26.6 47 28 39 0.72 48.8 46.6 71.8 
26 Y. Fredda F 15.0 22.1 26.6 54 30 32 0.94 35.9 34.3 52.8 
27 Sgurgola OM 10.0 22.8 26.5 47 27 37 0.73 48.2 46.1 70.9 
28 Arpino F 15.2 22.8 26.5 46 25 46 0.54 28.1 26.9 41.3 
29 M. S. Giovann i Campano F 10.3 23.0 26.5 38 23 31 0.74 37.9 36.2 55.7 
30 Torrice F 8.5 23.3 26.7 41 24 15 1.60 48.5 46.4 71.3 
31 Sterparo F 8.4 23.5 26.6 46 25 34 0.73 48.0 43.4 66.8 
32 Amara F 8.4 23.5 26.6 47 25 32 0.78 48.0 43.4 66.8 
33 Ceprano F 11 .0 22.6 26.4 53 31 46 0.67 49.4 47.2 72.7 
34 S.G. lncarico F 10.8 22.6 26.5 51 30 27 0.81 47.2 45.1 69.4 
35 Rocca d'Evandro BC 15.9 21.7 26.6 47 27 42 0.64 19.9 19.0 29.3 
36 Bastia F 10.3 22.9 26.9 41 21 30 0.70 44.7 42.7 65.7 
37 Fornaci Pontine F 8.7 23.4 26.7 44 25 29 0.86 49.4 47.2 72.7 
38 Spigno Satumia F 9.5 23.3 26.7 44 25 28 0.89 45.1 43.1 66.3 
39 Penitro F 14.5 22.0 26.7 40 24 31 0.77 26.9 25.7 39.6 

when we shall face the problem of the mean den- the Blue Clays Formation. They were hand-colle-
sity of the sediments. cted in blocks of about 20 em in size. Clay quarries 

By means of this method based on the precon- and recent road- or building- excavations were 
solidation pressure we are able to reconstruct thick- preferred, in order to reach the unweathered rock 
nesses obliterated not only at the top of a sequence, more easily. Their location is represented in Fig. 
but also within it, as it happened in the Blue Clays 1. The order number is increasing from north to 
Formation very near the Santemo Valley and in the south. 
Pescara Valley. Here two stratigraphic gaps, On all the samples collected the following geo-
supposed to have interested a great part of the Plio- technical characteristics were studied (Care, 1992; 
cene and to have been due to a lack of sedimen- Tozzi, 1993): water content w, unit weighty, spe-
tation, were instead demonstrated to have been cific gravity y (solid weight/solid volume), liqui-
originated by tectonics (Mortari, 1976; Mortari, dity limit wL, plasticity index JP, clay fraction CF 
Budassi, 1993). (less than 2 J.Lm), colloidal activity Ac (plasticity 

index/clay fraction (Skempton, 1953)), preconso-
Results lidation pressure p '. The values of these parame-

ters together with standardized preconsolidation 
39 undisturbed clay samples were studied: 12 from values p and maximum overburden pressuresp 
the Orbulina Marls, 23 from the Flysch and 4 from are reported in Table 1. max 
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A remarkable result is that the values of the 
more characteristic parameters, like specific gra
vity, liquidity limit and plasticity index, are very 
similar, and quite the same variability is found in 
all the three formations. Thus, we can more surely 
confront some of these results with the ones ob
tained in the Santemo Blue Clays sequence. Some 
samples of Table 1 that show preconsolidation 
values of between 17.6 and 21.7 MPa and belong 
to the Blue Clays Formation are comparable indeed 
with those collected in the lower part of the San
temo sequence, which yieldp, values of about 20 
\1Pa. While minimum water content of the San
temo sequence is of about 15 %, in our area its 
\·alues in the same stratigraphical position are 
between 14 and 16 %. 

In contrast, samples from the base of the Flysch 
have water content of about 9% and those from the 
underlaying Orbulina Marls yield values near 

.5 %. These two water content values correspond 
to porosity values of about 19.3 and 18.6 % 
respectively. 

With regard to the preconsolidation assessment 
· is interesting that in the majority of the oedometric 

·es the prcconsolidation values were obtained 
i thout the use of the Casagrande technique. This is 

case of 5 out of9 curves represented in Fig. 4. 
In fact for the last 5 curves the connecting stretch 
between the two straight parts of the curve, as 
.::1eC'eS5aiY for the application of that method, is 
o:=gtig:~ble . Therefore preconsolidation was obtained 

the intersection of the two straight lines. On the 
hand, for the flrst sample of Fig. 4 this method 

Casagrande's method give almost the same result, 
the difference must decrease as the connecting 

SD"elCb is reduced. 

Thickness calculation 

ben we want to calculate the original thickness 
or an eroded sequence by means of the precon

idation method, we have to face two kinds of 
lems: the flrst is how to know the mean value 
· t weight held by the eroded sediments in the 

L the second is to know the relationship 
-een the preconsolidation pressure and the 

;{imum pressure caused by the original 
o erburden. 

ln order to solve the first problem, it is evident 
that if a part of the study sequence was eroded, we 

search the data we need where the lacking part 
of tbe same sequence is still cropping out. So, in 
addition to the data reported in Table 1 we have 
coUected a greater number of unit weight values 
relevant meanly to the Blue Clays Formation 
cropping out in different places ofltaly, taking into 

count that this formation shows rather constant 
characteristics. Also very recent marine clays were 

included (Mortari et al., 1994) in order to have a 
more complete picture. 

In Fig. 5, where these unit weight values are 
represented versus preconsolidation pressure, we 
note that, at the beginning of diagenesis, unit 
weight increases very quickly up to the value of 
about 21 kN/m3• Then the increasing rate becomes 
much slower with a linear trend. 

To evaluate the correct graph of unit weight 
against preconsolidation in this last part, we must 
also tak~ into account that in our sequence sandstone 
layers are present, which in the lowest part of the 
Flysch are prominent and reach a maximum value 
of unit weight of 25.1 kN/m3, considerably higher 
than 23.8 kN/m3 that is the maximum value yielded 
by our clay samples. According to Berry et al. 
( 1977), on the other hand, the unit weight of the 
two lithotypes in the Laga would not appear to be 
significantly different. In the depths of the Po River 
basin values of about 23 kN/m3 were found by Storer 
( 1959) for unit weight of Miocene argillaceous 
sediments. 

For the sake of simplicity in Fig. 5 a constant 
rate of increase (dashed line) was considered for the 
unit weight of the Flysch over the preconsolidation 
value of 21.9 MPa, which takes into account the 
presence of sandstone layers. 

The present data are not yet sufficient to solve 
the flrst problem, that will be discussed again later, 
but they are useful to solve the second one. In order 
to know the relationship between preconsolidation 
and maximum original pressure, we will use the data 
of the Santemo sequence. We must notice that 
preconsolidation pressure is an effective pressure 
(Terzaghi, 1943), and therefore the unit weight we 
will employ in the thickness calculation must be 
considered as immerged So, we have substracted the 
value of9.8 kN/m3 of the water unit weight to the 
value of the natural unit weight of the sediment. No 
overpressures have been considered owing to the 
frequent presence in the terrigenous sequence of 
layers provided with greater permeability, which made 
the consolidation much faster. 

The more reliable preconsolidation values ob
tained in the Santemo sequence (Mortari, 1976) 
are represented in Fig. 6 versus the present thick
nesses H ', shown on the right side. Then we used 
the relationship between preconsolidationp and unit 
weight of Fig. 5 in oider to obtain, among cthe lines 
representing different ratios between preconsoli
dation and maximum pressure p , the line (p ) 
which better fits the data of the sru'itemo sequence. 
This line corresponds to a ratiop lp of0.65 and 
has its origin 700 m above the pre~t top of the 
sequence. From this origin the line (p ) expre
ssing the gradient of 100 % of the maximum pre
ssure was drawn. As the eroded thickness has been 
added, the original thicknesses H of the ~cmtemo 
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Fig. 5. Relationship between unit weight y and preconsolidation pressure pc for the clay samples of the terrigenous 
sequences ofTortonian-early Pleistocene of Latium, Abruzzi and Marches regions. For the meaning ofthe dashed line see 
the text 

Fig. 6. We can deduce that preconsolidation pre
ssure represents the memory of only 65% of the 
pressure given by the maximum overburden a se
diment underwent in the past. 

Finally, in Fig. 7 we represented the mean change 
of porosity with depth for the studied sequence 
(continuous line), deriving this infonnation from the 
two preceding Figs and assuming, for the clays at 
issue, a saturation degree of l 00 %, as in fact pra
ctically is for all the samples, and a constant gra
nular unit weight of26.5 kN/m3• On the two sides 
of Fig. 7 the relationship is implied between stan
dardized preconsolidation pressure p c and thick
nessH 

The graph of Fig. 7 relevant to the clay com-
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ponent (dotted line for the lower part) is similar to 
others reported in Riecke, Chilingarian (1974) only 
for shallow depths, while at greater depths poro
sities of the studied sediments are greater than the 
cited cases. The same graph is in a better agreement 
with the results of Me Culloh ( 1967). 

At this point one could feel ready to calculate 
each thickness value relevant to the different sam
pled layers and establish, for instance, that above 
the sample n. 11 , which was drawn near the base 
of the Orbulina Marls Formation and yielded the 
maximum value of preconsolidation pressure, 
about 6000 m of sediments had been deposited. 
Yet we will see below that for a correct procedure 
one must take other results into account. 



H 
(m) 

1000 

2000 

3000 

10 20 30 

0 

H' 
(m) 

1000 

2000 

fi8. 6. Original (If) and present-maximum (H) thicknesses of the Blue Clays Formation of the Santemo valley, northern 
Af ••iues, versus preconsolidation pressure pc and maximum overburden pressure p . The ratio between the two pressures 
.-cs is 0.65. The upper 700 m of the formation were lost by erosion ,_ 

0 0 

~ H 
(MPa) 1000 

10 - (m) 

2000 

20 
3000 

I 
I 
I 

30 
I 4000 
I 
I 

I 
I 
I 
I .. 5000 

40 

6000 

n (%) 20 40 60 80 
~ 7. Relationship between porosity n and thickness H or preconsolidation pc for the terrigenous sequences of Latiwn, 
Ahruzzj and Marches, derived from Figs 6 and 7 

21 



NW 
0 

Pc 
(MPa )1-

20 t-

t-

40 f-

t-10 11 12_1 13 14 116 17 I 

0 distances 20 (km) 

u Blue Clays • Flysch 

Section A'-A" 

1819 20 15 
i I 

o Orbulina Marls 

(a) 

28 

2 
I I 123 

eo 80 

SE 

-
-

-

-

-

-
I 25 

0 

H 

2 

(km) 

4 

6 

NW 
0 

Section B'-B" SE 

Pc 
(MPa )I-

20 f-

1-

40 t-

' 
f- 21 

0 

I 

distances 20 (km) 

29 

31 32 

21 
30 

27 I 

40 60 

(b) 

28 

36 

34 
38 

33 l 

80 

-

-
b -

35 

39 -

-

37 I -
100 

0 

H 

2 

(km) 

4 

6 

Fig. 8. Geotechnical sections. Symbols and vertical lines represent preconsolidationpc values and reconstructed thicknes
ses H 

Discussion 

The majority of the Flysch samples was taken in 
the lowest 200m of this formation. For this reason, 
in many cases Flysch and Orbulina Marls yielded 
preconsolidation values that are very similar in the 
same basin. This can be seen in Fig. 8a which 
represents standardized preconsolidation and 
thickness values relevant to the basins of Salto, 
Tagliacozzo and Val Roveto (section A' -A", see Fig. 
I), which in literature are kept distinct but actually 
form one continuous linear system. Along these 
basins thickness appears to have been nearly 
constant, close to 6000 m, taking into account that 
almost all the samples were very near to the base 
of the Flysch. 

In Fig. 8b an analogous section (B' -B") is drawn 
along the Valle Latina, where some samples ofFlysch 
come from higher stratigraphical positions. It is 
interesting that one of the samples (n. 39) is early 
Pliocene in age. Therefore Fig. 8b suggests that 
an important part of the thickness here reconstruc
ted for the terrigenous sequence was made up by 
the Blue Clays Formation. Once again in this sec
tion the reconstructed thickness seems to be con
stantly around 6000 m. 

Another section, C' -C" in Fig. 9, contains the data 
of standardized preconsolidation and thickness of 
the whole study area. The section is oriented north-
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south and all the standardized preconsolidation 
data of Tab. 1 have been projected on this plane. 
Different symbols distinguish the three formations 
studied. We can notice that all the samples of 
Orbulina Marls and a great number of Flysch 
samples yield experimental values ofpreconsoli
dation contained in a very narrow interval, between 
44.7 and 49.8 MPa, or standardized values of 42.8 
to 47.7 MPa. In fact many samples of Flysch were 
taken close to the base of this formation. We can 
deduce that in all the basins thickness was very 
similar. 

Assuming equal thicknesses for all the basins we 
can also find a criterion to establish the appro
ximation of these preconsolidation values. Namely, 
we know that for the Orbulina Marls, with a 
medium immerged unit weight of 13.7 kN/m3 and 
a thickness of about 50 m known from the lite
rature, we can calculate a pressure range of 0.7 
MPa and a theorethical range of preconsolidation 
pressure of0.7 x 0.65 = 0.45 MPa. Standardized 
preconsolidation of Orbulina Marls varies between 
45.5 and 4 7. 7 MPa with a mean value of 46.6 and 
a difference of2.2 MPa instead of0.45. Therefore 
the maximum error for the determination of 
preconsolidation is about+/- 2%. We can deduce 
that the most likely preconsolidation values of 
Orbulina Marls must range between 46.4 and 46.8 
MPa and at these two values we have drawn in 
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Fig. 9 the boundaries of this formation. 
As a matter of fact the thickness reconstructed 

for Orbulina Marls is the same both in the Laga 
(samples n. I, 8, 9), Saito (n. I 0 to 13), Tagliacozzo 
(n. 14, 16) and Valle Latina basin (n. 21, 24, 27). 
:\sin Fig. 9 we have drawn the top of the sequence 
as horizontal for graphical necessities, it is conse
quent that the Orbulina Marls appear also hori
zontal. But actually this horizontality is justified 
y the coincidence of the base of Orbulina Marls 

with the top of a platform deposit. We think that 
e original thicknesses of the Orbulina Marls must 

have been similar in the whole study area and 
dterefore that the subsidence must have progressed 
'9o.ith a great uniformity during the deposition of 
d:Us formation. Very likely that uniformity lasted 
during the deposition of the subsequent Flysch. 

One can notice also in Fig. 9 that in the northern 
pan of the study area the lowest Blue Clays sampled 
1 n. 2, 4 and 5), early Pliocene in age, have nearly the 
same preconsolidation value as the sample n. 35 in 
:be southern part, while the highest samples ofFlysch 

the both sides (n. 3 and 39) have only slightly 
· gher values. This situation means that the original 

bowldary Blue Clays/Flysch can very likely have been 
• rizontal throughout the entire study area; conse-

ently a dashed horizontal line was drawn as a 
:Jrobable limit between these two formations. 
- Actually this limit lies between samples n. 2 and 
_. and therefore it was situated between 3000 and 
: _-om beneath the original top of the terrigenous 
sequence. The entire sequence must have had a 
· · kness of 5900 m. Consequently, while the Blue 

ys were 3000 to 3250 m thick, the thickness of 
-:=-e Flysch was defined between 2850 and 2600 m. 

As for the Flysch these values are smaller than 
:::..e ones we can find in the literature relevant to 
~ Laga basin, where more than 3000 m (Cen-

tamore et al., 1978, 1990) are reported. We suppose 
that tectonic movements may cause this discre
pancy; a more detailed comparison between strati
graphic positions and preconsolidation values 
would solve this problem. 

As for the Blue Clays, in the northern part of 
the Cellino basin over the Laga Flysch of Me
ssinian age, a thickness of 1660 m of lower Plio
cene is documented by Casnedi ( 1983 ), on which 
the erosion has left 340 m of medium and upper 
Pliocene. In the southern Marches the Plio-Plei
stocene sequence, which is transgressive on the 
Flysch and lacking of its extreme parts, shows a 
thickness of2300 m (Cantalamessa et al., 1987). 
Doglioni et al. ( 1994) quote a filling of the Apenni
nic foredeep during Pliocene and Pleistocene with 
a thickness up to 3 - 6 km. 

We suggest that the Blue Clays originally were 
extended till to the central part of the section C' -C" 
and assume that their present absence was due to 
the uplift of the Apenninic chain and a subsequent 
complete removal of the clays in that area. 

Beginning of tectogenesis 

A uniform thickness of 5900 m of terrigenous 
sediments from the Tyrrhenian sea to the Adriatic 
sea, east of the Ancona-~io line, does not agree 
with the idea of many independent foredeeps diffe
ring in size from each other. 

Because of the continuity and conformity of 
the terrigenous sequence on the basal carbonates, 
the trend of the Orbulina Marls to maintain a 
uniform thickness in all the basins, the perfect layer 
parallelism within the Flysch even when the se
quence is strongly tectonized, and the constancy of 
thickness of the entire terrigenous sequence, we 
presume that the Apennines were definitively formed 
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Fig. I 0. Three moments of the evolution of the Central Apennines: a)- at the ends of the subsidence of the basin located 
immediately east of the Ancona-Anzio line, b) - at the beginning of slide movements towards an Adriatic trench, c)- after 
some overthrust movements, d) - at the present time 

only after the deposition of this entire unintenupted 
sequence, that is in late Calabrian. In fact in many 
places of the Apennines we can observe that the Blue 
Clays Formation is continuous until the late Calabri
an: for instance in the Santemo Valley the Calabrian 
makes up about one half of the Pliocene-Pleistocene 
thickness, while in the Vrica sequence, near Crotone, 
Calabria, the Calabrian was represented by about the 
last 350 m of the local succession, and near 
Monterotondo, Rome, the last Blue Clays that pre
cede the main tectonic strains are Calabrian in age. 
Therefore it is not possible that the Apennines ridge 
started its main tectogenesis in the Tortonian, as 
maintained by many authors. 

The various areas where the Flysch today is 
cropping out could not represent so many foredeeps 
ofTortonian-Messinian age, because there are no 
indications of a ridge in their back to confirm it. 
As a matter of fact in the Flysch the episodes of 
carbonate debris are rare. When they are present, 
as in the case of the Renga breccias, they can be 
explained as the effect of the collapse of some part 
of the submerged escarpment, bounding the 
western side of the Ancona-Anzio line. This 
escarpment, that lied unsheltered while the eastern 
side subsided, was as vertical in all likeliness as 
the fault plane. Therefore the carbonate platform 
generally did not delivered sediments to the Flysch 
basin: Latium-Abruzzi Flysch had a unique pro
venance (Civitelli, Corda, 1988), and a provenance 
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from the Alps was recognized for the Laga basin 
(Ten Haaf, 1959; Brambati, 1969) and for the other 
basins (Castellarin et al., 1978). 

In order to better explain our point of view, we 
have summarized in Fig. 10 the main events which 
occurred in the study area. 

1) From Late Triassic to the end ofSerravallian, 
above evaporitic deposits a carbonate sequence 
formed 4 km thick. 

2) From Tortonian to Early Messinian time, a 
sudden and uniform subsidence turned the plat
form environment into a deep basin, and the Orbu
lina Marls Formation sedimented with continuity 
over the carbonates. Then turbidites deriving from 
the yet rising Alpine chain were deposited alter
nating with grey argillaceous sediments. In the 
Pliocene and a great part of Calabrian time, fine
grained deposits blue-grey in colour continued to 
fill the basin. 

3) In Late Calabrian the whole study area tilted 
towards the Adriatic ·sea area that was rapidly 
deepening. Gravitational slides occurred in a short 
time at the base of the carbonates because of the 
presence of anhydrites, and within the terrigenous 
sequence (Mortari, Budassi, 1993). 

4) Presently the terrigenous sequence has gene
rally reduced thicknesses and is mainly found wi
thin areas where fragments of the carbonate se
quence moved away one from the other. 

Therefore we suppose that the Flysch depo-



sition is not linked to the Apennines building and 
that, instead of many basins, there. was a unique 
basin, whose subsidence occurred uniformly, so 
that uniform thicknesses of sediments resulted in 
the different ages. This basin must have kept the 
original flatness, inherited from the prec~ding 
platform environment present on the east stde of 
the Ancona - Anzio line, until in the Late Calabrian 
a main tectogenetic movement involved both the 
carbonate and the terrigenous sequence. 

Some other observation will help to specify 
these conclusions. 

lntramontane basins 

ln the study area a certain number of intramontane 
basins are present filled with lacustrine deposits. 
The four larger ones are shown in Fig. 1. From 
north to south their names are Aterno, Sulmona, 
Fucino and Liri. Their sediments mainly consist 
of calcareous gravels and silts. In the Aterno basin 

ere are fossil remains of Elephas antiquus and 
£ meridiana/is vestinus and then tuff layers which 
are attributed to the upper part of the lower 
Pleistocene up to the upper part of the middle 
Pleistocene (Bosi, Messina, 1992; Bertini, Bosi, 
993). 

Sulmona basin too reveals vertebrate remains and 
layers which can be attributed, at least, to the 

. r part of the Middle Pleistocene (Esu et al., 
W:.. 

ln the Fucino basinMicrotus sp. (Zarlenga, 1987) 
- foond, which in Italy is present between the lower 
middle Pleistocene (Esu et al., 1992). 

The Liri basin is 'certainly of Pleistocene age 
b:xause of the presence oftuffite and cinerite levels, 
-"""~ provenance is from the Roccamonfina 
wica.IlK>. and which are interbedded in sequence 
~uo. l%5). 

E""eel the first products of the Roccamonfina 
qQ~C.10 were deposited in a lacustrine basin beginning 

1be end of the Early Pleistocene (Mortari, 1993). 
all these basins there is no trace of the Pliocene. 

.:\n:ud.i:n.g to Bosi, Messina ( 1992) all these basins 
have developed in an analogous way and 

.:ff!.-"'r-... we presume for them a common tectonic 
-._ · in the Early Pleistocene. 

Olcanic activity 

- .. - likely the first, main tectogenetic movement 
Cl0i::DI1red just before the beginning of the volcanic 

- :i:I)· in the study area, that is to say a little more 
I \ia ago, as it appears in the Roccamonfina 

,_~ \fonari, 1993) whose first lava has been 
between 0.89 and 1.54 Ma (Gasparini, 

~i!Dls. 1969; Cortini et al., 1975 ~ Giannetti etal., 
. Roccamonfina volcano remained active 

3t::I:osa rogether with the other main volcanic cen-

tres which are distributed in Latium along the same 
line NW -SE, which comprises Alban, Sabatian, 
Vico, Cimino and Vulsinian centres. These volca
noes form, together with volcanoes of other regi
ons, an arc which bends in an opposite direction 
with respect to the Apennines orogenic front being 
convex towards the Tyrrhenian sea (Locardi, 1986) 
and belongs to the last phase of magmatism of the 
central Italy by Serri et al. ( 1992), between 1.3 
and 0.1 Ma, following other 3 phases of about 14 
Ma, 7.3-6.0 and 5.1 -2.2 Ma respectively. 

Like the Roccamonfina volcano, the Cimino 
started its activity a little more than 1 Ma ago, 
having its products dates between 0.94 and 1.39 
Ma (even if we must say that there are some doubts 
on the attendibility of some of these values 
(Fornaseri, 1985). According to Nicoletti (personal 
communication) the date of I ,54 Ma of Roc
camonfina is to be considered too high, taking into 
account the actual possibility of the presence of 
40 Ar excess (Nicoletti, 1971 ). For these reasons it 
is very likely that the maximum age of both Ro
ccamonfina and Cimino volcanoes is less than 1.2 
Ma and probably closer to 1.1 Ma. 

In the Latium region there are some volcanic 
centres, distributed along an innner line, which belong 
to the penultimate phase as indicated by Serri et al. 
( 1992). They are the Tolfa Mountains volcanic group 
and the Western Pontine Islands, whose ages span 
between 6.4 and 2.1 (Lombardi et al., 1974) and 
between 5.0 and 1.1 Ma (Barberi et al., 1967) 
respectively. 

Western Pontine Islands volcanism, whose 
location is around I 00 km WSW ofRoccamonfma, 
was therefore active during the whole deposition of 
the Blue Clays ofPliocene and early Pleistocene age 
and so their activity must have preceded the Apen
nines structure building. In contrast the Roccamon
fma centre, whose products covered the Apennines 
structures, certainly followed in time after their 
genesis. 

For these reasons we think that the main tec
togenetic movements occurred very likely in a very 
short time span around 1.1 Ma ago. 

Conclusions 

A geotechnical method based on the preconso
lidation pressure has been set up in order to eva
luate with great precision the amount of over
burden. The approximation one can reach is about 
2%. 

This method has been applied to the terrigenous 
sequences that crop out in the central Apennines east 
of the "Ancona-Anzio" tectonic line, following with 
continuity from Tortonian the sediments of a 
carbonate platform sequence . 

Preconsolidation values obtained at the base of 
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those terrigenous sequences show that in all the 
presently distinct outcroppping areas the overburden 
was exactly ~fthe same amount. Therefore instead 
of distinct basins, as it is commonly interpreted, there 
must have been a unique basin that underwent a 
strong and uniform subsidence. 

All tectonic reconstructions that recognize a thrust 
belt- foredeep system migrating from SW toNE from 
Tortonian to Pliocene are not consistent with the fact 
that sedimentation in this basin lasted uninterrupted 
until almost the whole early Pleistocene. 

The mistake derives from the misunderstanding 
about the meaning of the Flysch which forms a 
great part of the terrigenous sequence: its source 
area is not an Apennines raising chain but the Alps 
chain, as convened upon by many authors. 

The scrutiny of the Pleistocene volcan history 
suggests that the Apennines built about 1.1 million 
years ago. The time span of this building must have 
been very short and is in agreement with a mechanism 
of gravitational slide movements. 
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