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Abstract: What may link tectonically active areas, earthquakes, volcanic manifestations and the presence of 

hydrocarbons is the release of gas into the atmosphere. In areas subject to tectonic stress, the release of gas can be 

accompanied by variations in the electrical and electromagnetic fields provoked by the emission of charges originating 

from the tension the rocks are subject to in the subsoil, or from local variations in radioactivity. When particular 

physical conditions subsist, the combination of charges and gas can give rise to the formation of atmospheric plasmas. 

For causes not yet well understood, when neutrality is violated, the plasma can enter a transient phase generating 

anomalous luminous phenomena in the atmosphere, diversified in shape, colour and duration according to the location. 

The presence of ball lightning can therefore be associated both with the presence of hydrocarbons and ongoing tectonic 

stress. The Method proposed in this study could be applied to diagnosis, non-invasive oil exploration, and the study of 

seismic precursor candidates. The dualism that matches oilfields with ball lightning could also open up new scenarios 

for the production of alternative energy, once the physical mechanism that triggers luminous phenomena has been 

understood; a mechanism that can produce high levels of energy, elevated temperatures, and fast movements through 

the air.
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Introduction 

he aim of this study is to verify a possible relationship between ball lightning and hydrocarbon deposits.

The reason why anomalous luminous phenomena in the atmosphere only exist in certain locations 

around the planet remains unknown for the moment. After initial scepticism, controversy, refusal to accept 

their existence, uncertainty over sightings, interest in so-called “ball lightning” has gradually grown and, for 

some years now, has aroused the curiosity of research teams worldwide.  The challenge to understand the 

mechanisms involved is open. These are transient phenomena, featuring great luminosity and, sometimes 

very fast movement that occurs noiselessly and almost always without leaving trails in the sky. 

Physical models to explain the existence of ball lightning are currently founded on hypotheses relating to 

electrochemical, electrical and electromagnetic phenomena, to plasmoids, and even references to stellar 

dynamics (Teodorani, 2003). 

Photometric analysis of “balls of light” carried out at Hessdalen, the Norwegian site deemed a symbolic 

place to study these types of physical phenomenon, shows that this luminous phenomenon can produce high 

levels of energy, which remain confined during the event and are inexplicable in terms of known physics. 

For example, it has been calculated that this anomalous phenomenon in the atmosphere can reach a 

remarkable luminous power, up to 100kW (Teodorani, 2008), while, from the Planck curve maximum a 

temperature of around 6,500°K has been measured, which remained approximately constant for the entire 

duration of the luminous phenomenon, ranging from a few seconds to 3 minutes, despite drastic variations 

in luminosity (Teodorani et al., 2001).

The recurrent questions in studying ball lightning concern mechanisms of “ignition”, “movement”, and 

“confinement” of the energy. Ball lightning has a surface tension that allows it to “float” in the air at 

different heights, with some staying close to the ground while others rise hundreds of metres from the 

surface, just as the colouring and shapes that they assume are not always the same. 

The study of these anomalous phenomena could potentially lead to revolutionary discoveries in pure 

research, while the applications that might derive from it, especially in the field of energy, could open up 

new horizons not only in the scientific sphere but also in social and economic ones.

T
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At the moment scientific investigation into ball lightning is still taking its first steps and it is premature to 

draw a comprehensive map at a global level, even if there is no lack of proposals (Teodorani, 2008). 

To date, thanks to documentation available on the website, we know that ball lightning has been observed in 

various parts of the globe, over land and sea, and near volcanoes (Bach, 1993). However, in some areas, it 

manifests more frequently, for example, in the Hessdalen Valley in Norway (Teodorani, 2004, Strand, 1985; 

Teodorani and Strand, 2001), Marfa in Texas (Bunnell, 2009; Stephan et al., 2009; Bunnell et al.,2011; 

Stephan et al., 2011) and in Italy, especially in the Northern Apennines (Straser, 2007, 2009).

The scientific investigation behind this study took pace in North Italy on the Po Valley Plain and, in 

particular, at an abandoned oilfield along the River Taro Seismic Line (Fig. 1).

Fig. 1.  Index map. The red star indicates the Vallezza Oil Well in the Province of Parma.

In the Po Valley Plain area of Northern Italy, where the recurrent luminous phenomena in the atmosphere 

manifest in restricted areas that are subject to tectonic activity and the presence of hydrocarbons (Fig. 2). 

Tectonic activity is closely related to seismic activity, which frequently manifests with earthquakes of a 

modest magnitude, generally lower than M3 and rarely higher than M5 on the Richter Scale and at times in 

seismic sequences (Camassi and Stucchi, 1997; Careggio, 1994; Castello et al., 2004; Cattaneo et al. 1983; 

CPTI, 1999; Guidoboni and Comastri, 2005). 
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Fig. 2.  Maps of the oil and gas fields, and mud volcanoes in Emilia-Romagna. Light blue (mud volcanoes), Red 

(manifestations of oil), yellow (manifestations of gas). Credits: Emilia-Romagna Region-Eni maps 1956

Over the years, the abundance of hydrocarbons in the area under investigation has resulted in intense 

extraction activity which began in the mid 1800s and continued until the 1950s. Nowadays, despite a drastic 

reduction in these activities, in the area under investigation extraction of natural gas is still important, 

currently satisfying 48% of Italy's needs. Manifestations of hydrocarbons, in some cases spontaneous and 

restricted to a few areas, include the small mud volcanoes scattered along the Apennine belt on the margins 

of the Po Valley Plain. 

The recurrent appearance of ball lightning in certain areas has never seemed accidental, as testified by the 

more than 750 sightings reported between 1900 and 2008 (Fig. 3).  for this reason, the geological structure 

was analysed to try to establish possible conditions of cause-effect between the nature of the subsurface and 

ball lightning, in order to pinpoint a link with the geodynamic, seismic and geophysical characteristics of 

particular areas, as other studies well known in the literature have suggested (Derr, 1986; Brady and Rowell, 

1986; Freund, 2003; Freund et al., 2006; Lockner et al., 1983; St-Laurent et al., 2006). 

A possible point of convergence between active tectonics, mostly of the compressive type and characterized 

by gravitational detachments, moderate but recurrent seismicity, the presence of hydrocarbons in the 

subsurface as well as mud volcanoes, is the gas generated underground and the electrically charged particles 

released during tectonic stress processes (St-Laurent et al., 2006; Freund, 2002). In fact, the combination of 

gases and free charges underlie the formation of plasmas and plasmoids which for some authors (Finkelstein 

and Powell, 1970; Finkelstein et al., 1973; Bychkov et al., 2002; Abrahamson and Dinniss, 2000) are 

closely related to the formation of ball lightning. 
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Fig. 3. Maps of ball lightning sightings from 1900 to 2008 in Emilia-Romagna, related to oilfields in use now and in the 

past. Credits: Emilia-Romagna Region-Eni maps 1956, modified by the author. 

FROM THE LOCAL TO THE GLOBAL AND VICE VERSA

The investigation concentrated on two observation zones: the first, along the Taro Valley Seismic Line, 

begun in 1983, the second the Vallezza Oil Well, lying around 15 kilometres away, studied systematically 

since 2011. The investigation, extended to a global scale, has already provided encouraging results (Fig. 4). 

In the first case, the coincidence of the appearance of balls of light in the atmosphere, electromagnetic fields 

and earthquakes in the River Taro Valley (North-Western Apennines in Italy) has been known for several 

decades, and the first records date from the late 19th century (Baratta, 1891). The sighting of little flames, 

sparks and balls of light, locally called “fires”, in theTaro Valley occurs close to the ground, especially on 

the gullied slopes of Solignano; they are often associated with the presence of gas in the subsurface (Rio & 

Villa, 1983; Zanzucchi, 1980). The emission of methane in the Scaly Clays of the territory of Parma was 

already recorded by Scicli (1972), Camerana and Galdi, (1911) and Camerana (1926). In the place called 

Bondi near Solignano, the emission of methane from the clayey soil originated an industrial activity which 

lasted until the 1940s, thanks to the Pietro Vicini company which drilled and extracted gas from a 103-

metre-deep well. The first prospecting of the subsurface, however, dates from the early 1960s, when 

AgipMineraria drilled a 3,457-metre-deep well at Prelerna, near Solignano, for hydrocarbon exploration.
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Fig. 4. Diagram of ball lightning sightings near major oilfields worldwide.

Recently, the rare appearance of luminous phenomena in the atmosphere over the course of the year has 

been associated with local seismic activity (Straser, 2007), generated by mechanisms of an electromagnetic 

nature, produced by rocks under tectonic stress in combination with gas in the atmosphere. 

The River Taro Valley is a natural laboratory for a survey of the relationships existing between luminous 

phenomena in the atmosphere and earthquakes, both being somewhat infrequent during the year, along the 

seismic Line of the River Taro (Petrucci et al., 1996; Straser, 2009, INGV database), which is a corridor for 

the transfer of energy from the “stretching” Tyrrhenian zone to the “compressive” zone of the Po Plain 

(Bernini and Papani, 1987). The relation between luminous phenomena, tectonic stress built up in

rocks and earthquakes has been known and studied for a long time in many parts of the world (Finkelstein 

and Powell, 1970; Lockner and Johnston, 1983; Derr, 1986; Tsukada, 1997; St-Laurent et al.,2006), 

whereas in the Taro Valley seismic area, a time correlation between balls of light and earthquakes has been 

suggested by this author. Besides the Taro Valley, luminous phenomena have been recorded in other parts 

of the Earth (Bunnell, 2003; Strand, 1996-2003; Straser, 2009; Teodorani and Strand, 2001) and have been 

accompanied with photographic evidence on many occasions. A link between tectonic stress and luminous 

phenomena was already conjectured and explained in the second half of the last century through the theory 

of piezoelectricity (Derr, 1986; Finkelstein et al., 1973), According to this hypothesis, certain silicate 

minerals, such as quartz, produce charged clouds and electric potentials through air ionization when they are 

subjected to mechanical deformation caused, for example, by crustal stress. The production of electric fields 

would, in turn, generate frequencies in the “radio band” (Hayakawa et al., 2007; Warwick, 1990). The 

hypotheses on piezoelectricity depending on mechanical strain in rocks and the subsequent production of 

electromagnetic fields have been confirmed in laboratory experiments. (Brady and Rowell, 1986; Freund, 

2002; Freund et al., 2006; Straser, 2009). The piezoelectric theory, however, has been recently questioned 

by some scientists who think that the electromagnetic fields would undo the effects in the subsurface. 
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“Charged clouds” would be produced, Freund et al. (2006) maintain, as a result of tectonic stresses for the 

release of positive charges in siliceous minerals, according to the conduction modes of semiconductors 

(Freund, 2003).

In the second case, in the area under investigation, there are hydrothermal springs and small mud volcanoes, 

where water and gas under pressure rise to the surface.These two phenomena are associated with saline 

substances, sodium chloride/bromide/iodide waters (which the zone abounds in), methane and 

hydrocarbons.The points where the mud volcanoes emerge coincide with structural discontinuities in 

argillaceous formations or tectonic faults. In this case, the presence of mud volcanoes is not linked to 

secondary volcanic activity, in the traditional sense, but to a particular process defined technically as 

“sedimentary volcanism”.

Hydrocarbons, gas and oil have been extracted at this site for over 100 years, which, back in the early 

1900s, satisfied 83% of Italy's energy needs. In contrast to the patterns in the middle Taro Valley, the 

recurrence of luminous phenomena is frequent and observable daily, from October to March of the 

following year, with most sightings in the first four hours after sunset, concentrated from 17.30 to 18.30 

GMT, and particularly common at 17.48.

METHODS

The measurement method is based on direct observation (skywatch), conducted in the field (landwatch), 

bibliographic research, testimonies to establish a geographic-spatial correspondence between the appearance 

of ball lightning, oilfields and tectonically active areas. The limit of this research, which is based on 

observation, is the fact that ball lightning is rarely to be observed in urban or very isolated areas, as well as 

the instrumental limit of the equipment and the systemic nature of the measurement errors. Measurements 

were taken in every kind of meteorological conditions.

DATA

The collection of data to study ball lightning near the Vallezza Oil Well was carried out between 2011 and 

2013, in the six months from October to March of the following year, when in the Northern Hemisphere 

there are more hours of darkness than daylight. There are estimates for the observations made but, for 

instrumental limits no triangulations were made (Table 1).

Table 1. Obsrvations in the field carried out from 6 October2011  to 9 April 2012.

Date Time Colour Luminosity Direction Duration Trajectory

06/10/2011 21:12 White Fairly bright South-east

Some 

seconds Rectilinear

06/10/2011 21:27 Yellow Fairly bright South-west

Some 

seconds Rectilinear

10/10/2011 21:13 White Very bright North

////////////

/// Rectilinear

14/11/2011 18:47 Orange Bright South 10’’ Rectilinear

14/11/2011 18:57 White Bright North-east 2’25’’ Curvilinear

14/11/2011 19:05 Orange Faint South-west 5’’ Rectilinear

14/11/2011 19:15 Orange Fairly bright South 1’ Rectilinear

17/11/2011 18:37 White Faint North-east 1’05’’ 

Curvilinear, 

zigzag

17/11/2011 19:03 White Faint North-east 2’45’’ 

Curvilinear, 

zigzag

18/11/2011 19:18 White Very bright North-east

Some 

seconds Rectilinear

23/11/2011 19:12 White Very bright North 50’’ Rectilinear

25/11/2011 18:48 White Very bright South 55’’ Rectilinear

27/11/2011 18:43 White Very bright South 58’’ Rectilinear

27/11/2011 19:01 White Faint South-west 30’’ Rectilinear

05/12/2011 18:36 Pale yellow Fairly bright South-west 45’’ Rectilinear

05/12/2011 19:01 Pale yellow Fairly bright South 1’15’’ Rectilinear

06/12/2011 18:54 White Very bright South-west 40’’ Rectilinear

06/12/2011 18:55 White Extremely South-west Some Rectilinear
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bright seconds

06/12/2011 19:27 White Very bright South 20’’ Rectilinear

07/12/2011 18:47 White Very bright North-east

Some 

seconds Rectilinear

07/12/2011 18:48 White Very bright South 1’30’’ Rectilinear

08/12/2011 18:48 White Very bright South 1’25’’ Rectilinear

08/12/2011 18:59 /////////// Just visible North-east

Some 

seconds Rectilinear

08/12/2011 19:25 ////////// Just visible South

Some 

seconds Rectilinear

13/12/2011 18:40 White Very bright South 1’ Rectilinear

15/12/2011 18:48 White Very bright South-west 1’20’’ Rectilinear

15/12/2011 18:50 White Very bright North-east 1’30’’ Zigzag

17/12/2011 18:33 White

Extremely 

bright East 2’10’’ Rectilinear

17/12/2011 18:35 White Fairly bright South-west 30’’ Rectilinear

17/12/2011 18:49 Orange Faint North-east 3’

Slightly 

Curvilinear

17/12/2011 18:59 /////////// Faint South-west 50’’

Slightly 

Curvilinear

29/12/2011 18:58 ////////// Faint South 40’’ Rectilinear

30/12/2011 18:24 Orange Fairly bright South 1’30’’ Curvilinear

30/12/2011 18:13 Orange Very bright South-east 25’’ Rectilinear

01/01/2012 18:56

Orange/yello

w Very bright South-east 2’45’’ Curvilinear

04/01/2012 18:50 White Very bright South-west 50’’ Rectilinear

05/01/2012 18:37 White Fairly bright South 50’’ Rectilinear

06/01/2012 18:44 White Fairly bright North-east 1’20’’ Rectilinear

07/01/2012 19:05 White Faint South 55’’ Rectilinear

10/01/2012 18:45 White Faint North 1’40’’ Curvilinear

10/01/2012 18:46 White Faint South-east 2’40’’ Rectilinear

10/01/2012 19:26 White Fairly bright North 1’45’’ Curvilinear

12/01/2012 18:48 White Very bright South 1’05’’ Rectilinear

12/01/2012 19:06 White Faint South 1’10’’ Curvilinear

12/01/2012 19:06 White Faint North 1’50’’ Rectilinear

14/01/2012 18:45 White Faint South 1’05’’ Rectilinear

17/01/2012 19:13 White Fairly bright North-east 35’’ Rectilinear

19/01/2012 18:55 White Faint South 35’’ Rectilinear

20/01/2012 18:56 White Very bright South 1’10’’ Rectilinear

22/01/2012 18:46 White Faint North 1’15’’ Rectilinear

24/01/2012 18:48 White Very bright South 1’10’’ Rectilinear

24/01/2012 19:07 White Faint South-east 3’40’’ Rectilinear

24/01/2012 19:19 White Fairly bright /////////////

Instantane

ous ///////////////

25/01/2012 18:48 White Very bright South 1’10’’ Rectilinear

30/01/2012 19:03 White Faint North-west 1’20’’ Curvilinear

08/02/2012 18:55 Pale yellow Very bright South 1’ Rectilinear

08/02/2012 18:56 Orange Fairly bright North 1’55’’ Rectilinear

08/02/2012 19:15 White Very bright South 1’’-2’’ Rectilinear

14/02/2012 19:09 White Fairly bright North-west 1’30’’ Curvilinear

14/02/2012 19:15 White Fairly bright South-east 1’05’’ Rectilinear

17/02/2012 19:05 White Faint North-west 1’40’’ Rectilinear

22/02/2012 19:01 Pale yellow Fairly bright South 1’’-2’’ Rectilinear

28/02/2012 19:18 Pale yellow

Extremely 

bright East 4’25’’ Rectilinear

28/02/2012 19:25 White Fairly bright South-west 30’’ Rectilinear

29/02/2012 19:30 Pale yellow Very bright North-west 55’’ Rectilinear
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01/03/2012 19:25

Pale yellow/

orange Faint South-east 1’10’’ Rectilinear

19/03/2012 20:08 White Fairly bright South 1’50’’ Rectilinear

19/03/2012 20:08 White Fairly bright South 1’55’’ Rectilinear

19/03/2012 20:17

/////////////

////// Faint South-east 36’’ Rectilinear

19/03/2012 20:23 White Fairly bright North 18’’ Rectilinear

22/03/2012 19:50 Orange Faint South-east 30’’ Rectilinear

22/03/2012 19:57

White/

pale yellow Faint

North-east 

(part. 

northwards) 3’10’’ Curvilinear

22/03/2012 19:59 Pale yellow

Extremely 

bright South 20’’ Rectilinear

06/04/2012 21:27 Orange Fairly bright North-west 1’55’’ Rectilinear

06/04/2012 21:33 Pale yellow Very bright

/////////////

//////

Instantane

ous ///////////////

Instruments

Optical

Nikon F65 reflex camera with zoom

Fuji Finepix S5600 digital camera;

Fuji Finepix S5Pro, digital camera 12.34 Mpx

Fuji Finepix S3Pro, digital camera 12.34 Mpx

Infra-red and UV filters for reflex cameras;

Rainbow Optical Spectroscope (ROS) filters for medium resolution spectroscope; 

Star Analyzer 100 filter for low resolution spectroscope;

1000x114 altazimuth frequency telescope, computerized for lunar video shots.

Video equipment

Video cameras for astrometry and radio apparatus;

Micro CCD colour TV cameras for astronomical shots through a telescope; 3ccd video cameras, 600 lines;

Analogue – digital converter;

Software

Spectrographic software to detect radio signals;

Spectrographic software to detect audio signals;

Spectrographic software to detect ELF/VLF signals;

Discussion
Direct observations in the field, unfortunately not documented on film due to the swiftness of the 

phenomenon, made it possible to follow the process of ball lightning forming right from birth. This was the 

case for a ball of light, observed by chance also by other people, which was generated by the clayey soil in a 

ravine area midway along the Taro Valley Seismic Line. The ball of light emerged from the Earth like some 

very bright bubble of gas, about the size of a tennis ball. After an ascending movement it stopped briefly 

then slowly descended to a point near the ground, again rose a few metres, then moved horizontally and 

dissolved. The phenomenon, which appeared in the early evening around 18:50 local time, lasted around 

one minute.

Last century, in the area where this ball of light was sighted, natural gas was extracted, and in the past was 

the object of geophysical prospecting to look for hydrocarbons. The same area is near the fault that passes 

along the Taro Line, which is subject to stress and moderate seismicity. Friction in the rocks can generate 

electrical charges (Freund, 2003) and ionization associated with gas (Pulinets and Boyarchuk, 2005). Two 

characteristics behind the formation of plasmoids. A plasma is an ionized gas, within which electrons and 

ions move around independently without being bound to one another. Plasma is a good conductor of 

electricity due to the free charges, and is sensitive to the action of electromagnetic fields. 
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The appearance of ball lightning in tectonically active seismic areas (Taro Seismic Line) is different with 

respect to areas where there are beds with a prevalence of hydrocarbons (Vallezza Oil Well) (Fig. 5). In the 

first case, ball lightning forms frequently near the ground, while in areas with a prevalence of hydrocarbons 

they are generated and rise into the atmosphere hundreds of metres from the ground. In both cases they 

move noiselessly, sometimes at great speed comparable to airliners or even greater, they are subcircular in 

shape and are whitish or reddish in colour. 

Fig. 5. Diagram of ball lightning sightings near major oilfields worldwide.

If, on the one hand, the appearance of luminous globes in seismic areas is intermittent, i.e. dependent on 

tectonic stress, the Vallezza Oil Well area is characterized by the recurrent appearance of ball lightning in 

ways that are very similar to one another. 

The mechanism hypothesized recalls that of a geyser, with variable recharging times between accumulation 

in the reservoir and the release of gas into the atmosphere through fractures and tectonic faults, following a 

charging and discharging mechanism where no regularity has been identified, but with luminous 

manifestations that repeat at intervals ranging from 1 to 8 days (Fig. 6).

The observations were accompanied by measurement of atmospheric pressure, solar radiation, the Dew 

Point, temperature, and average wind speed. As an example, I am showing the Dew Point in the period from 

12 to 19 November 2011 (Fig. 7), since the Dew Point is the only piece of data correlated with the 

appearance of luminous phenomena and, as can be seen in the graph, manifests in the descending phase of 

the curve, which corresponds to the process where the balance between liquid and gas breaks down.
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Fig. 6.  Suggested mechanism for the formation of ball lightning, in relation to the release of gas into the atmosphere 

and areas where hydrocarbons are present.

Ball lightning produces confined energy.

The power calculated by the aerospace engineer James Bunnell and the astrophysicist Massimo Teodorani 

is around 100kW. If we presume a duration of one minute, an approximate diameter of 50 centimetres and a 

density similar to that of the air equal to 1.22kg/m3, there is an energy density of around 75 (MJ/kg) and a 

power density of 12 MW/kg. 

The value of the energy density, of a chemical nature, if compared with the reference scale, turns out to be 

compatible, in order of magnitude, with that of methane or natural gas, i.e,, in line with the hypothesis 

advanced in this research.
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Fig. 7.  Graph of the Dew Point measured near the Vallezza Oil Well from 12 to 19 November 2011. The yellow circle 

shows the luminous phenomenon in the atmosphere.

CONCLUSIONS

The mechanism that triggers ball lightning is presumed to derive from particular atmospheric conditions and 

the concomitant presence in the atmosphere of gas and ions, along with other phenomena such as natural 

radioactivity and electromagnetic anomalies generated, for example, by crust stress.

One initial conclusion concerns the difference between areas with hydrocarbon deposits and those subject to 

tectonic stress. In the first case, the number of sightings is much higher and seems to depend on the Dew 

Point. In this situation, ball lightning appears at an apparent height in the order of hundreds of metres.

This study, of a pioneering type, could point the way to new lines of research, both in physics and 

technology.

The current limit on the research lies in the systematic way of collecting data and carrying out accurate 

measurements.

The high density of energy and power in the process associated with luminous phenomena – confined and 

therefore controlled – could inspire new research into spheres of application.

The advantages of the investigation used in this method consist in encouraging new avenues of study for oil 

research and alternative energy sources. 

How could the research be improved?

Through the acquisition of more efficient instrumentation for precise measurements, and the setting up of 

several stations located in similar areas for better comparison of data.
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