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Introduction. The Po Basin was characterized by a complex geological evolution, 
due to its particular location in the regional plate tectonic context of the Mediterra
nean realm (northwestern edge of the African plate or an African microplate). The 
sedimentary sequence in this basin of thick, terrigenous Tertiary and Quaternary 
deposits overlying the mainly carbonate Mesozoic sediments (Fig. 2). Two main 
sedimentary cycles characterize the Neogene deposits: the first cycle, from the Oligo- 
cene to the Messinian, and the second cycle from the Upper Messinian to the Qua
ternary. The present geological setting of the Po Basin was brought about by the 
tectonic and sedimentologic events of the Neogene. In short, the Po Basin served as 
a foreland to both the northern Apennines and the southern Alps characterized by 
opposite vergences towards the north and the south, respectively.

Though hydrocarbons exploration began in the Emilian Apennines during the 
early 19th Century, only after the World War II the intense use of modern seismic 
techniques led to the discovery of 85 gas fields and 10 oil and condensate gas fields in 
the Po Plain and in northern Adriatic (Fig. 1). Most of the reservoir rocks of the gas

Fig. 1. Location of the main oil and gas fields in the Po Basin
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Fig. 2. Simplified schematic lithostratigraphic model of the central Po Basin
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fields terrigenous Plio—Pleistocene turbidites. Only a few oil and condensate-gas 
fields have been found in the Mesozoic carbonate rocks (Fig. 2). In order to determine 
the origin of the hydrocarbons, detailed geochemical analyses (stable isotope, GC, 
GC—MS, R-, kerogen composition etc) were carried out in the AGIP laboratories on 
the natural gases, oils and on the organic matter dispersed in the sediments. Moreover, 
all analytical data were considered in the light of tectonic and sedimentologic events 
of the Po Basin.

Gas fields

The Po Basin a classical subalpine gas province natural gas (computed in equiva
lent tons of oil) represents 95% of the total discovered hydrocarbons. Moreover the 
data listed in Table 1 indicate that 98% of the natural gases are contained in the 
Neogene sediments, whereas only a small amount of gaseous hydrocarbons are located 
in Mesozoic carbonate rocks.

Percentage of gaseous and liquid hydrocarbons computed in equivalent tons of oil, 
and their distribution in sequences

Table 1

Analytical results. Chemical and isotopic analyses have been carried out on the 
gaseous hydrocarbons from 50 gas fields which represent 90% of the original, “in 
situ” gas of the basin.

All these analytical data are reported in a previous study (M attavelli et al., 
1983). This paper summarize the main conclusions of the above-mentioned-study, 
and, in addition, will provide some new considerations which concern the comparison 
of the Po Basin data with those relevant to the central and southern basins of Italy.

In short, on the basis of the previously mentioned chemical and isotopic analyses, 
three types of natural gases can be distinguished in the Po Basin (Tab. 2).

1 Biogenic gases are characterized by almost pure and isotopic, light methane 
(C2+ < - 2 % ,  813Q between —75 and —60 ppt). Their chemical and isotopic 
compositions are similar to those measured on the interstial gases of bacterial origin 
in recent marine sediments. Therefore, this fact is considered to be a strong evidence 
for an indigenous formation of these gases in the Plio—Pleistocene sediments by 
bacterial or diagenetic processes.

2 Thermogenic gases are formed by 13C from their contained methane which is 
heavier than—50 ppt, and with their C2-f contents ranging from 3% to 10%. The 
more positive methane values of 13C ( —31 to —36 ppt) are observed in condensate-
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Types of natural gases in the Po Basin, distinguished on the basis of chemical 
and isotopic analyses

Table 2

gas fields found in the Mesozoic carbonate rocks at depths ranging from 4200 to 
6 000 m (central western part of the Po Basin).

3 Mixed gases are characterized by 13C methane values ranging between —50 
and —60, and hy C2+ concentrations ranging from 0,1% to 3%. Accumulations of 
this types of natural gases originated where thermogenic gases migrated from deeper 
strata mixed in the same trap with indigenous bacterial gas. Moreover, an estimate of 
the percentage of the above mentioned three types of gases, with respect to the ori
ginal gas in place, has given the following surprising results: 80% biogenic or dia- 
genetic gases; 10% thermogenic gases and 10% gases of mixed origin.

HIGHLY EFFICIENT TURBID1TE

Fig. 3. Simplified sedimentologic models of Middle and Late Pliocene turbiditic deposits. Highly 
efficient turbidites prevailed in the foredeep of the northern Apennines, while poorly efficient 

turbidites occurred mainly in the foredeep of the central and southern Apennines
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Relationship between the geological setting and genetic types o f natural gas. The 
sedimentological and tectonic factors during the Neogene clearly exercided controlled 
the occurrence of genetic types of natural gases. In fact, most of the gas fields are 
located along the Emilia Romagna and Adriatic fold belt, which represent the sub
surface continuation of the Apennines in the Po Basin. These folds were generated 
during the Miocene, were active until Plio —Pleistocene times and modified the 
sedimentation processes, thus producing several kinds of structural and stratigraphic 
traps. In this foredeep domain of the northern Apennines the following three factors 
favoured the accumulation of the gases that were generated very early in the sedi
ments by bacterial or diagenetic processes:

1 synsedimentary tectonism;
2 high rate of subsidence;
3 turbiditic sedimentation.
In fact, 70% of the bacterial gases produced in the whole basin are found in a 

small area around Ravenna. They are all bacterially formed gases and mostly occur 
in multipay zone gas fields. This great concentration of bacterial gases, which is 
typical of the Ravenna area, has not been found in other foredeep domains of Central 
and Southern Italy even though the three above-mentioned factors were present. In 
my opinion, a critical factor was represented by the characteristics of the turbiditic 
deposits. In fact, highly efficient turbidites prevailed in the Ravenna area, while 
poorly-efficient turbidites (Mutti, 1984) predominated in the Tertiary basins of central 
and southern Italy (Fig. 3). In practice, as regards the accumulation of bacterial gas,

T . O . C .  % DEPTH

Fig. 4. Total organic carbon values in the Late Pliocene turbiditic sediments. Note that the organic 
matter content of resedimented shales is two to three times greater than that of

the hemipelagites
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these highly efficient tuibidites must be considered ideal types of sediments, because 
reservoirs and cap rocks are arranged in sandwich mode to form multipay zone gas 
reservoirs. In addition in the resedimented clay the organic matter was preserved by 
complete oxidation during rapid burial. This seems to be confirmed by the fact that 
the amount of organic carbon in the turbiditic shales is 2 to 3 times greater than it is 
in the pelagic shales (Fig. 4).

Oil fields

Oil fields were discovered in the western and central part of the Po Basin; that is 
in the Lombardy area and in the external part of the Emilia folds (Fig. 1). As pre
viously mentioned (Tab. 1), although oil represents, only 5% of the total hydrocarbons 
found to date in the Po Basin, it is still interesting from both the economical and geo
logical points of view. In order to divide the liquid hydrocarbons into distinct groups 
and identify their source rocks modern geochemical techniques were used (for more 
analytical details, see R íva et al., 1985; in press).

Analytical results. On the basis of the stable carbon isotopes two main groups 
of oil can be identified in the Po Basin: 1 Cortemaggiore area oils, characterized by 
saturated and aromatic compounds having 813C values around —23%; 2 Malossa 
area oil having saturated and aromatic compounds S13C values of about —30% 
(Fig. 5). Biological markers also support this subdivision mainly because of the 
occurrence of oleanane in the Cortemaggiore group (Tab. 3). Furthermore, taking 
into account the same analytical data relevant to the extracts of the candidate source 
rocks, it has been proved that the Cortemaggiore oils originated from Miocene 
flysch (Marnoso Arenacea formation); while the Malossa and Gaggiano oils were 
generated by the Riva di Solto shales (Late Triassic) and the Meride limestone 
(Middle Triassic), respectively.

Fig. 5. The carbon isotopic values of the saturated and aromatic compounds indicate that the 
Malossa and Cortemaggiore area oils have a different origin
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The different origin of the M alossa and Cortemaggiore oils is pointed out by several physical,
chemical and isotopic parameters

Table 3

In practice the occurrence of the oleanane in Cortemaggiore oil clearly indicates its Tertiary 
source origin (Marnoso Arenacea Formation)

Influence o f geologic setting on occurrence o f oil fields. The Cortemaggiore and 
Malossa area oils originated in geological settings characterized by different thermal 
and burial histories relating to the Neogene. In particular, in the Cortemaggiore field, 
a structural trap pertaining to the external part of the Apennines overthrusts, oil was 
found in the sandy layers of the Tortonian and the Upper Messinian. In this field in 
order to reconstruct the thermal history, the methods developed by A n g e v in e  and 
T u r c o tte  (1983) were used; and for the generation of the hydrocarbons, the technolo
gies realized by T issot  and E spit a l ie  (1975) were used. The results of these calcula
tions are illustrated in a depth-converted seismic line going from the Cortemaggiore 
field towards the Apennines (Fig. 6). The oil generation probably occurred (3 m. y. 
ago) at a depth of 5500 and 7500 m either in the thrust sheets or in the autochtho
nous sediments of the Marnoso—Arenacea formation (Miocene). Moreover, the 
rapid temperature increase caused by the emplacement of the nappes (thermal blanket 
effect), and the composition of the kerogen (mainly terrestrial), could have favoured 
the generation of gaseous hydrocarbons. This is confirmed by the fact that the quan
tity of gas in the Cortemaggiore field (calculated in equivalent tons of oil) is twelve 
times greater than the original amount of oil. In the western part of the Po Basin 
(Lombardy area), oil fields and condensate gas fields were discovered in the Mesozoic 
carbonate sequences at depth of 4200 and 6200 m. In the Gaggiano and Villafortuna 
fields overpressured hydrocarbons are represented exclusively by oils (34° and 42° 
API respectively), while in the Malossa, Seregna and San Bartolomeo fields only a 
small amount of light oil (43 to 53 API) is associated with the gas. In practice the 
reservoir fluids in these latter fields are monophases with pressure values ranging from 
880 to 1067 kg/cm2 (4200 m and 6200 m respectively). Furthermore, on the basis of 
different maturity parameters (Ro, TAI, Tmax), the organic matter looks immature 
in many wells down 6000 m, despite the fact that the present temperature are generally 
higher than 150 °C. This anomalous maturation trend could be caused, in my opinion, 
by the two following factors:

1 rapid burial during the Neogene;
2 abnormal pressures.

The role of abnormal pressure with respect to organic matter maturation is still 
a subject of debate. Recent laboratory experiments ( S ajgó  et al., 1985) and data 
relevant to deep wells of the Lombardy area (C h ia r a m o n t e  and N o v e l l i, 1985; in

37
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Fig. 6. Depth converted seismic line going from the Cortemaggiore field towards the Apennines. 
Mathematical models were used for determining the thermal history and the amounts of hydro
carbon generated. The hydrocarbons either originated in the thrust sheets or in the autochtonous 

sediments of the Marnoso Arenacea formation

press) seem to indicate, however, that pressures above 800 atm could have a retarding 
effect on the maturity of organic matter. Moreover, in order to determine the timing 
of the hydrocarbon generation, the burial histories of the two main source rocks 
responsible for the origin of the Malossa condensate gas field and Villafortuna oil 
field have been reconstructed (Fig. 7). ln particular, the burial diagram of the Riva 
di Solto Argillites could indicate that oil originated during Jurassic, Cretaceous and 
Palaeogene times. Nevertheless, only the hydrocarbons generated at great depths 
(over 7000 m) during the Neogene were accumulated, because the traps were formed 
during the thrusting of the southern Alps; in other words, during the Upper Miocene. 
Moreover, this assumption seems to be confirmed by isotopic values of the Malossa 
gas (813C!—36 ppt; 8D —153 ppt), which suggest highly mature source rocks close 
to an anthracite coalification level. On the other hand, the Meride limestone remained 
at a shallow depth until the Palaeocene and the organic matter entered the oil genera
tive window only during the Neogene. The Villafortuna oil field therefore is a signifi
cant example of hydrocarbon generation that resulted from recent, rapid burial. 
In fact, only oil (42 API) was found down to 6200 m in spite of the present tempera
ture of 180°C. In practice, the Villafortuna field represents one of the deepest oil 
fields in the world.
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Conclusions

In the Po Basin, the accumulation of gas and oil was greatly influenced by 
Neogene sedimentological and tectonic events related to the formation of Apennines 
and the thrusting of the southern Alps. In brief, the main results of this study can be 
summarized as follow:

1 In Plio—Pleistocene sequences, owing to the immaturity of the organic mat
ter, only the indigenous formation of biogenic or diagenetic methane took place. 
Great amounts of this gas, which represent 80% of the original “in situ” gas of the 
basin, is found in the foredeep of the Apennines; actually in a small area around 
Ravenna. In this area, three main factors determined the optimum conditions forgás 
accumulation:

a synsedimentary tectonics;
b high rate of subsidence (1000 m/m.y.);
c highly efficient turbidites.

2 Miocene sediments reached the oil and gas generative windows only in the 
external part of the Apennines Nappes (Cortemaggiore area), where a strong increase 
in temperature was caused by the emplacement of the thrust sheets (thermal blanket 
effect).

3 Furthermore, rapid burial and the tectonic movement of the southern Alps 
which occurred during the Neogene (Malossa area) caused the origin of the deep, 
condensate gases and the oil fields found in the Mesozoic sequences.

37*
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4 In practice, the Po Basin could serve as a genetic model for other Mediter
ranean, subalpine, Tertiary basins the gas and oil of which came about as a result of the 
previously—described processes.
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