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Abstract. A seven-month collection of testimonials about nitude (4,,) >5, the two strongest ones occurred on 7 April
the 6 April 2009 earthquake in Aquila, Abruzzo region, (M=5.6), at 19:47 LT, and on 9 AprilM=5.4), at 02:52 LT,
Italy, was compiled into a catalogue of non-seismic phe-(Bindi, 2009. A summary of the Aquila seismic sequence is
nomena. Luminous phenomena were often reported startingeported; earthquake times are compared with times of EQL
about nine months before the strong shock and continued unfTablel).
til about five months after the shock. A summary and list of A complete account of previous testimonials already com-
the characteristics of these sightings was made according tpiled (Fidani 2009, dating back as far as 2000 BC and con-
20th century classifications and a comparison was made withinuing to the present day, regard only vague statements con-
the Galli outcomes. These sightings were distributed over aerning the general features of luminosity. A critical re-
large area around the city of Aquila, with a major extensionview of luminous testimonies has stressed the importance
to the north, up to 50 km. Various earthquake lights were cor-of selecting a scientific scop&tothers2004). Middle-Age
related with several landscape characteristics and the sourdegends have also been reinterpreted in a multidisciplinary
and dynamic of the earthquake. Some preliminary consideramanner taking into account luminous phenomeriadardj
tions on the location of the sightings suggest a correlation be2005. The first collection of EQL data was compiled in
tween electrical discharges and asperities, while flames wertaly in the early 20th century by the religious naturalist Ig-
mostly seen along the Aterno Valley. nazio Galli; it contained a first ordering of historical phenom-
ena based on the shapes and time evolutiGalii 1910.
Seismological studies have also taken into account historical
luminous phenomena, recognizing themjast the darkest
chapter in seismologgSieberg 1911). The same phenom-

; - .__ena have been recorded in Japaeréda 1931), along with
This study presents the preliminary results of a coIIectlontsunamis Terada 1934, Frederic Montandon proposed a

of testimonies about luminous phenomena related to seis="". d classificati hich reduced Galli ber of EOL
mic activity in and near Aquila before and after the main revised classification which reduced Galli's number of EQ

seismic event{/=6.3), at 03:32LT on 6 April 2009. The Y/PeS from nine to fiveNiontandon 1948. The first EQLs

main shock caused strong shaking in and near Aquila causin ere photpg_raphically docum«_anted_ in 196.6 along with a re-
heavy damage and 307 casualties. The earthquake of 6 Apr ort containing numerous te_stlmonlals du_rlng an earthquake
2009 was the strongest event in a sequence of seismic even?gva”ﬂ neﬁr wlatiusg"r?{ esuL”1973k.)lAr:e\é|ew. of obser}/rl:l— .
that started a few months earlier; local seismic activity begant'onS ?S Ighiilg tel the we es(,jtah Isrﬁ(ilsre);;;encifo umi-
to increase in December 200Bdndrelli 2010. The most nou§, phenomena pius propose theo . ( 3. Aiter
significant prior events occurred on 30 Marcli£4.4), at Gallls_ collection, E.Q.LS were report_ed in Italy on two rare
15:38LT, 5 April (M=4.2), at 22:48 LT and 6 April{f=3.9), occasions: the Irpinia ez_irt_hquake in 191_51))d(1|0ne 1930
at00:39 LT Chiarabba2009. The main shock was followed ~fan0. 1931 and the Friuli earthquake in 1978/Gtteu-

by seven aftershocks within the first week; the moment mag-ggh;?;i%t Ilf:urjtrheirl rzi)%%rtsMhea:(\ﬁob;?;if:bQIizirj]s:oolnggges in

Japan Enomotqg 1998, Greece $oter 1999 and more re-
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ing through old classifications and newer classifications for
space-time order, which allow for some interesting interpre-
tations that are discussed in Sect. 5.

Table 1. The earthquake sequence list, time in LT and depth in km.

Date Time My Latitude Longitude Depth

30Mar 2009 1538 44 42321 13376 98 2 The collection of testimonials and their scopes

33 Xl;rzzé)é): 123517 g’:g 2;’3118 11333772 18_’? Thg collection of testir.nonials.began a fevy days after t.he
3Apr2009 06:44 33 42314  13.376 9.2 main shock on 11 April 2009 in the Amatrice area (Lazio
5Apr2009 22:48 4.2 42325  13.382 9.5 region) of Italy, about 50km north of Aquila. A system-

6 Apr2009 00:39 3.8 42329 13.385 10.0 atic regional survey of the population was carried out us-
6Apr2009 03:32 6.3 42343  13.380 8.9 ing questionnairesSoter 1999. The testimonies were col-
222; ;883 8‘;2; i; j;-ggg 12-222 g-; lected by visiting the 179 camps prepared by the Italian Civil
6ADr2009 1838 44 42363  13.339 100 Protectlon_ Pote2|c_JneC|V|Ie2009. Testimonials were also _
7Apr2009 0115 51 42363  13.385 97 collected in meeting place_s such as schools, malls, hospi-
7Apr2009 1947 56 42.303  13.486 13.3 tals, coffee shops and social clubs. Furthermore, to collect
9ApPr2009 02:52 54 42484  13.343 15.4 data and supporting documents, personnel at public and pri-
9 Apr2009 21:38 52 42501  13.356 17.2 vate institutions such as the police, firemen, as well as forest
12 Apr2009 20:05 3.6 42.384  13.388 9.8 rangers were interviewed. The order of the interviews moved
13Apr2009  23:14 50 42498  13.377 9.0 from the least hit areas in the Rieti province to the most hit

26 Apr2009 19:56 3.5 42.456 13.378 10.6

areas in Aquila.
5May 2009 20:03 3.3 42.270 13.509 10.1

The aims of this data collection were to: 1) instruct the ge-

10 May 2009 18:00 3.8 42.301  13.479 10.0 : _ >

7Jun2009 2122 3.9 42350  13.483 10.4 neral public on the existence of these earthquake-associated
11Jun2009 19:21 3.7 42.335  13.438 10.6  phenomena; 2) propose new hypotheses on earthquake pro-
15Jun 2009 17:21 3.4 42439  13.445 10.1 cesses; and 3) suggest new devices for systematic recording
29Jun2009 07:54 3.4 42463  13.366 13.5 of these phenomena. At the time of the interviews less than
03Jul2009  13.03 4.3 42409  13.387 8.8 1% of the people interviewed knew something about such
31Aug 2009 16:09 3.3 42250  13.517 10.0

phenomena; even though in the past Italy was one of the
principal EQL research study centefsidani 2005, with
many 18th century reports that frequently described all the
phenomenaGalli, 1910. On the other hand, atmospheric,
electromagnetic and physiologic phenomena, which were
observed mainly before and after the shaking, needs to be

The processes to explain luminous phenomena wergncluded in a larger process to be explained. Thus, new
thought to be due to charge recombination. Thus, a sepanstrument-based hypotheses are expected to give a notable
ration of charge was necessary and was explained by somgontribution, and can now be tested by low cost digital tech-
physical effect such as: streaming potentiedrada 1931), nology.
piezoelectric inkelstein 1973, water pore vaporization  The main part of the data collection regards luminous
and droplet disruptionLockner; 1983 and localized charge  phenomena which were abundantly observed on this oc-
remains Lockner 1985. Sonoluminescence was also pro- casion. Secondary phenomena concern fluid emissions,
posed as a possible process associated with seismic wavghasms, thermal release, unusual meteorological phenomena
(Johnston1997). A recently study on positive charge gen- and sounds, radio and telecommunication disturbances and
eration in igneous rocks opened the way to explaining lu-ejither human physiological alterations or changes in animal
minous and other phenomena in a single coherent physicalehavior. A questionnaire was compiled to collect valuable
model Ereund 200). Charge accumulations at asperities jnformation on the public perceptiomifd, 2009 of these
in the crust can produce corona discharges accompanied Byhenomena, for which no instruments were active at the time
the emission of light $t-Laurent 2006. Laboratory ex-  and site of the Aquila earthquake. The questions were in-
periments on electrification obtained from mechanical dam-spijred from previous works3alli, 191Q Terada 1931, Mat-
age were also performe&¢hloessin1989. Light emission  teucig 1985 Persinger199Q Soter 1999 St-Laurent200Q
from failing granite was testedady, 198. Experimental  Stothers 2004 and are listed in the supplementary mate-
data on electrical currents streaming out of stressed igneougal (http://www.nat-hazards-earth-syst-sci.net/10/967/2010/
rocks also produced positive resulEséund 2009. nhess-10-967-2010-supplement)pdf

The method and aim of performing the collection will  The questionnaire began with questions of general nature
be given in the next section. Section 3 concerns the col-and led up to more specific ones; related questions were
lected testimonials and documents. Section 4 presents songrouped which allowed for a smooth transition from one
interesting observations that emerged from the first ordergroup to the next$arantakos2005. The question response

24 Sep 2009 18:14 4.4  42.453 13.330 9.7
30 Sep 2009 14:02 2.6 42.297 13.527 18.8
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format included a cqmblnatlon of both ope!’l questlons,_ to de'Table 2. The different kinds of phenomena collected after 6 April
scribe the observations and closed questions to obtain assgpgg near and far from the city of Aquila. Near mear@0 km

ciated facts, as well as to test the coherency of response afom the epicenter, far means20 km from the epicenter.
each overall testimony. The type of question included classi-

fication, knowledge and perception. Classification was lim- Kinds Near FEar Tot
ited to place of residence and name of witness, so the wit- * #H @
nesses could be contacted for further questi@isl( 2009.

The diffusion of photo and video recordings has greatly con- Eaghqij"’;ke lights i 23608 1116 2‘:314
tributed to successfully and systematically studying EQL adio-telecommunications
. - . Unusual sounds 55 14 69
phenomena. Hence, photos and video recordings of sight- Unusual fluid emissions 144 18 162
ings were requested and collected during the interviews. Soil deformations 25 5 30
The questionnaire was administered in a face-to-face mode Unusual meteorology 140 26 166
of delivery, which reduced witness conditioning and allowed Biological anomalies 256 49 305

as much information as possible to be collected. Telephone
and e-mail interviews were done, when witnesses could not
be reached physicallBfrd, 2009. The interview area in the
epicenter zone was not complete; but was principally reachegtorms. Roughly one hundred sightings were linked with
in the civil protection camps where people were gathered fonatural phenomena such as sunsets, moon halos and fog il-
meals. The manner of interviewing was carried out on an in-luminations. For example, many witnesses reported see-
dividual basis and in groups of up to twenty people. When aing a strange moon light which appeared red and was sur-
testimonial was collected but made by a third party, a searctiounded by a small red halo. This phenomenon was ob-
was performed to track down the original witness. Then,served at nearly all the locations, from Amatrice to San Pio
when possible, during the next trip to the zone, the originaldelle Camere. In this study this phenomenon was consid-
witness was interviewed, or contacted by phone or e-mail€red to be atmospheric. Additionally, eyewitnesses reported
Non-probability techniques were used to select the sample@bserving the breakdown of electrical lines. Many flashes
accidental, purposive or snowbaBifd, 2009. These were were also compatible with relatively small discharges com-
principally used because of the social difficulties and theing from the ground during the main shock. Being so, the
emergency housing situation. Therefore, statistical generaliflashes could have been short circuits, given that the area in
sations could not be made. However, this was not one of thé@nd around Aquila is highly urbanised. All of these sightings
aims of this work. which were identified as being of a natural or anthropogenic
About one thousand two hundred interviews were car-source, were excluded from the collection of luminous phe-
ried out, in which many witnesses did not see anythinghomena. Further verifications concerned a comparison with
while many others reported multiple sightings and of thesemeteor showers which were discarded for their notable dif-

1057 cases of macroscopic anomalies were reported whicferences with these sightings and absence of abundant phe-
had occurred before, during and after the earthquake. A sumdomena during the considered period. Meteoroid events,
mary of the testimonial types collected is given in Tahle ~ revealed by the Italian network of observetgti://www.
ciph-s0s0.net/SOSO/HomePage.Ntmhere not in agree-
ment with any testimonials. The 241 sightings which re-
mained are grouped according to Galli’'s classification and,
Many people reported seeing peculiar sightings of lightbecause of the high number, only representative samples of
glows, flashes, lightning, flames and fireballs, all of which testimonials are reported for each group. The complete list
were considered candidates for EQL. Three eyewitness reof testimonials can be found in the supplementary mate-
ported observing high flames which were later identified rial (http://www.nat-hazards-earth-syst-sci.net/10/967/2010/
as explosions of gas cylinders. Tens of sightings werenhess-10-967-2010-supplement)pdhd several other de-
reported as being particularly luminous points in the sky scriptions can be found elsewheFédani 2009ab, 2010).

which, through their collected positions, revealed utilising Diffused lightwas reported in 38 testimonials principally
astronomical software to be the planet Venus. The meteappearing as reddish light, with shades ranging from orange
orological situation was also taken into consideration forto violet. The sightings occurred in the historical center of
Aquila (http://www.caputfrigoris.ify so as to discard lumi- Aquila, its immediate surrounding areas of Pile, San Sisto,
nous events of a meteorological nature. Some of such eventRoio and Pettino, as well as the surrounding villages of
were observed above the mountains around Aquila and magansatessa, Preturo, Cesi, Scoppito, Madonna della Strada,
have originated behind them. For this motif, time and di- Sassa, Tornimparte, Coppito, Bagno, Pianola, Monticchio
rection of such lightning and the meteorological conditionsand Poggio Picenze, plus the towns of Paganica and Am-
in Central Italy were also comparekt{p://www.ilmeteo.it). atrice. Nearly all of these testimonials described diffused
Several atmospheric lights were associated with thunderhalos which were uniform in the sky having a dull rose

3 EQL witnesses
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Fig. 1. Reddish diffused light photos from Poggio Picenze towards Aquila (WNW) at about 22:30 LT on 5 April 2009. Courtesy
of Lucia Miconi.

coloured luminosity. All testimonials described the colour asshock, and he recalled that all of the sky was red and black
being brighter over the mountain crests. Some photos wererange until about midnight on 5 April. He also stated that
taken from the village of Poggio Picenze at about 22:30 LT red-coloured clouds covered the entire sky. The clouds were
on 5 April in the direction of Aquila just before the 22:48, also lit far from the position of the Moon. This description
M=4.2 foreshock. In the left photo of Fid, the Moon  was compatible with the photos taken in Poggio Picenze, see
and Saturn appear in positions that confirm this date andrig. 1. The same manifestation was reported from the histor-
time. These photos are grainy as they were taken with acal center of Aquila, Tornimparte, Roio Poggio, Roio Piano,
SAMSUNG SGH i320 mobile telephone camera. Giorgia Colle Roio, Santa Ruffina, Pile, Pettino, Cansatessa and San
Zenadocchio affirmed that after the main shock the sky wasGiuliano. Many witnesses also observed particularly reddish
still reddish from Pettino toward the Velino-Sirente moun- clouds during the afternoon and at sunset on 6 April 6 just
tain range, the light shone from the profile of the mountainsbefore a strong aftershock at 18:38, M=4.4.

and was nuanced. The phenomenon lasted until daybreak, Both small and largélashesvere observed lasting from a
the light was similar to that of the lights at local motorway fraction of a second to a few seconds. There were 71 reports
junction, that is, the colour orange. of such phenomena. Flashes were principally white, but

Streamersvere reported in some testimonials immediately @IS0 red and in a few cases shades of blue or indeterminate
after the 6 April main shock in Pettino, Madonna della Stradacolours. Domenico Mele, who was loading a truck near Baz-

and Paganica. A few cases described a dark reddish or yello&2n© when the main shock struck, suddenly felt a hot wind,
light high in the sky like an aurora. and looking towards the mountain of Bazzano saw a red
. semicircle of light that covered the mountain. It appeared
Yellow- and rose-coloureldminous vaporsvere observed . ; .
. A . . between him and the mountain. The profile of the moun-
immediately before and after the main shock by 8wnnesse§ : o Iy .

ain, which is usually visible when the Moon is out, had

from: San Demetrio, Poggio Picenze, Barisciano, San Gia- . : :
como, Cansatessa and San Sisto. Mr Giuseppe reported Seceqmpletely disappeared behind the redness. The light was

S o a bright flaming red. D. M. also said he saw a sign above a
ing it from Cansatessa at about 23:30 LT on 5 April right af- ; . . :
ter the first strong foreshock/=4.2, the sky was blanketed store illuminated by a red light. Immediately after, he heard

. . ) . roar and felt the shock; a hot wind and the red glow pl
with small disjointed clouds having a light violet shade. The aroara .d elt the shock; a hot d and t. e red glow plus
. . . .~ thunder-like sound were present almost simultaneously. It
light was brighter above the mountains. At the same time,. . : . oo .

is interesting to specify that this village is situated along the

there was a light-coloured violet fog which reached the cres
of the mountains. The fog appeared stratified and very Iim-tMt' Bazzano normal faultfMERGQ 2019 as are most of

ited in luminosity along the flanks between the Mt. Ocre andthe other enumerated villages. Many eyewitnesses reported

seeing flashes coming from below when observed from win-
Mt. Orsello or more to the north. The vapor was generally re- 9 9

dows, particularly before the main shock. Before and after

porteq to be low-lying, Jl.JSt afew meters .above the ground Orthe main shock the flashes were not associated with thunder-
covering half of the profile of the mountains along the Aterno

Valley IiI§e or other noises.. During the main.shock, the flashes were
' high overhead and in some cases witnesses reported that the

Luminous cloudwith orange, red, pink and purple stained fiashes illuminated the whole sky as well as the surrounding

outlines were observed. Alberto Nuvolone from Colle Santa|andscape_ Par“a”y transparent clouds or no clouds were ob-

Maria, near Tornimparte, affirmed that the clouds were red-served at the same time as the flashes. Flashes were reported
dish at around 23:00LT, just after the 22:48=4.2 fore-
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to have appeared in Arischia, Madonna della Strada, Colleshock. The sky was clear and she could see the stars, the
Santa Maria, Sassa, Scoppito, Coppito, the historical cenbeam did not illuminate objects despite being very bright.
ter of Aquila, San Sisto, Pile, Pettino, Cansatessa, CollebrinThe beam was shaped like a sickle. She had the impression
gioni, Aragno, Gignano, Tempera, Paganica, Camarda, Coll¢hat it was wrapping her house.

Roio, Santa Ruffina, Roio Poggio, Pianola, Bagno, Vallesin- Luminous funnelsas conical structures of light, usually
dola of Bagno, Fossa, San Demetrio, Monticchio and Poggioyellow, orange or red, with very well defined borders were
Picenze. observed. They were oriented horizontally or obliquely.

Fourteen cases oélectrical dischargeswere reported They were sighted in Coppito, Sassa and Poggio Picenze
around and at the time of the main shock. They werebefore and after the main shock. Cosimo D’Ambrosio ob-
observed without thunderstorms, with thin clouds throughserved these funnels in Coppito after 04:00 LT on 6 April at
which it was possible to see the light of the stars or withoutabout the time of the first strong aftershock at 04 ®%5.1,
clouds. Such discharges were less luminous than lightnindooking toward Roio. He saw four distinct bundles of light
bolts, as they did no illuminate the landscape in the neighborbeams. Each bundle was a motionless cone-shape with its
hoods, and they were either white, green or a shade rangingoint down; the point was not visible because it was hid-
from red to violet. Fiorella De Meo, from the West Aquila den behind the roofs of houses. These cones were all the
highway, remembers that at the tail end of the main shocksame colour, that is, a mix of mostly yellow plus a little light
and also after it, she saw about ten thin greenish blue electrired. Regarding luminosity, the first cone was brighter than
cal discharges to north just above Arischia and Cansatess#he second, the second brighter than the third and finally, the
Each event was very brief, while together they lasted forthird brighter than the fourth. Furthermore, each cone ap-
about 10 s. Some of the electrical discharges appeared speared separately and lasted from 3 to 4s. Finally, each of
multaneously crossing each other. De Meo saw no cloudsthe four bundles appeared further away in sequence. No elec-
heard no noise and reported that the landscape was not litrical discharges were seen, and no thunder or noise were per-
Electrical discharges were also seen in Pettino, Pile, Roiaeived. Before the appearance of the second cone there was a
Poggio, Colle Roio, Paganica and above the historical centesmall shock. The intervals between bundles was about 1 min.
of Aquila. After the main shock Luigi Piccirilli saw several Therefore, the total time of the sighting was about 4 min.
arches of the electric discharge from the historical center of Sparksof lights were viewed on several occasions before
Aquila up to the Roio hill which did not illuminate anything and after the main shock in the locality of Roio. They were
and lasted for about 10 min. similar to fireworks, with different colours and were not as-

Thin strips of lightof very short duration were observed sociated with booms or noises. One witness from Roio Pog-
on a few occasions. Emanuela Di lorio, from the Acquasantagio, looking over Santa Ruffina in the sky on 5 April in the
camp in Aquila, on the occasion of the aftershock on 26 April evening, just near 22:48 LT/ =4.2 foreshock, affirmed see-
at 19:56 LT,M=3.5, saw a light similar to a thin laser beam. ing many sparks together, like when a pullover is removed.
It was a white and clear blue light and appeared near Montélhese sparks were point-like light flashes of various sizes.
San Franco. It was bright and high in the sky. The beamTogether with these sparks there were electrical discharges
did not illuminate any objects and was diffused on its top. It but the latter were suspended in the sky without touching the
lasted about 3s. Earth. No noises or illuminations were noted.

Fire columnswere observed during or around the time of  Fire balls were observed several months before the main
the main shock in Bagno, Bazzano and Pile. Their coloursshock on 6 April. As with foreshock activity which started
ranged from orange to red, and in one case, the vertical colto increase in October 2008¢ndrelli 2010, reports of fire
umn was associated with electrical discharges. Giuseppinaalls started in the summer of 2008 and increased in number
Giuliani, from Vallesindola of Bagno, during the main shock, till the end of March 2009. Marcelli Gabriella from Poggio
saw several high flames coming out of the ground near BazPicence observed a ball of light toward Monte Ocre, about
zano. They were orange and came higher than Gran Sas$i$:15-06:30 LT at the beginning of March 2009. That morn-
and completely blocked its view. A similar light was seen ing, it was still dark and a light was seen along the flank
crossing the Aterno valley, from an opposite side, at the timeof the mountain. It was bigger than a street light, the lu-
of the November 1461 earthquakad]li, 1910. minous sphere was yellowish orange. This light remained

Fire beamswere sighted from the historical center of midway up the mountain and then it suddenly moved up to
Aquila, Scoppito, Sassa and Coppito. They appeared on anthe mountain top and then disappeared behind it. The moun-
around the time of the stronger events. In all, 4 beams weréain profile was visible because it was completely covered in
observed, and each had a horizontal orientation. The lightnow. Another 25 bright spherical bodies were sighted above
was either white, yellow, orange or red, and in some observathe historical center of Aquila, around Roio hill, near Pre-
tions were like a beam of an automobile headlight. Marcellaturo and Pettino, Collebringioni, Tempera, Bagno, above San
Del Vecchio from Pile spotted a horizontal beam of bright Demetrio, Corvo Mountain, near Passo delle Capannelle, in-
orange light, which was moving from North-West to South- side the Celano gorges, near Popoli and Alba Fuciens. Their
East coming from Coppito toward her house during the mainwhite, yellow, orange or red lights were not bright. Then
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Fig. 2. A luminous sphere observed at 01:53 LT on 22 February 2009, near Preturo. Courtesy of Giuseppe Marrone.

Fig. 3. A luminous body from the Celano Gorges, about 30 km south of Aquila, at about 11:14 LT on 20 June 2008. Courtesy of Bruno
Chiarelli.

diameters ranged from a few centimeters to one meter. Ifor more than 30 min. The angle with respect to the horizon
four cases, they appeared in groups of two to four sphereswvas estimated at about 20-°30Figure 3 was not intended

In at least eight cases, globular lights were seen moving ato capture the luminosity, in fact, the author of the photo had
low velocity and in one case at high velocity. Several pho-no idea that he was capturing such an object. The photo was
tos and videos were collected which documented the phetaken in the Celano gorges which are in close proximity to the
nomena, see FigR and3. Figure?2 is a photogram of a Ovindoli-Pezza normal fault’addeziq 1996. This photo
video recorded on a MOTOROLA RAZR V3i mobile. Itwas was taken with a PENTAX K10D camera.

captured from Madonna della Strada towards Preturo Airport Flameswere observed during but mostly after the main
(East), initially the luminous ball fell from the sky with fast shock up till about 04:30LT on 6 April. Nearly all of the
movements and then it remained suspended above the grour®8 sightings were reported as big red flames of up to 10 m.
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These appeared near the Aterno River, mostly south ofar from the epicenter could have seen lights slightly be-
Aquila, while, three flames were observed near the highwayfore the main shock, since light travels faster than seis-
junction of Aquila. Their duration was about 5 to 20 s and no mic waves. This was considered by including such sight-
noises were heard with them. However, a strong smell of gagngs as simultaneous in Tab It shows that undeter-
was noted in some case but not recognised. Michele Giulianimined phenomena and flashes were mostly observed dur-
after the main shock, at about 03:50LT 6 April, was travel- ing the main shock. Undetermined lights, which only oc-
ing along the Mausonia Road. He saw huge flames wherturred in a few cases, were almost all seen from inside
he looked down from Civita di Bagno towards Paganica andhouses and are indicated with three “U” in Talle in
Bazzano. The flames were coming from the ground in anthe Supplementhitp://www.nat-hazards-earth-syst-sci.net/
unpredictable order and were yellow, orange and red. Thel0/967/2010/nhess-10-967-2010-supplement.pddn the
sightings lasted about half an hour and every flame lasteather hand, flash was the most frequently reported phenom-
more than a second. They were higher than 10 m and werena and all observations were made from outdoors. There
inclined. were phenomena observed after the shocks, and these were
Small flamesvere observed exclusively during the main mostly electrical discharges and flames. Finally, there were
shock above the cement and wooden utility poles, in Sarphenomena observed mostly before the stronger shocks: fire
Sisto, as well as in the historical center of Aquila. In the balls, luminous clouds and diffused lights. All other types of
latter case small flames were seen coming out from betweenightings appear in TabRwith a small numbers of cases.
the cobblestones of Viale Francesco Crispi. The witness said To better classify relative frequency of luminous phenom-
that he saw many small flames, about 10 cm tall, which werezna Galli suggested grouping the forms into four tyal(,
a few centimeters above the street. Their light was dull and1910, see Table4. Different from Galli, undefinable in-
lasted several seconds. All of this took place while he wasstantaneous illuminationswhich is the union of the first
standing in Duomo Square looking toward Villa Comunale. four types and principally anticipated the shocks in the past
These small flames were seen just seconds before the maiatalogue, appeared with major frequency during the main
shock. shocks.Well delimited and mobile luminous massesich
Undeterminedights were all of very short duration and included luminous globes, columns, beams and funnels, ap-
were sighted through window blinds, shutters or reflected orpeared mostly before the shocks, whereas in the Galli collec-
some surface. At about 01:30LT on 6 April, just two hours tion these appeared mostly during the shock. Unlike Galli,
before the main shock, Carlo Strinella saw two white light flames and shiny emanatignghich included flames, sparks
flashes reflected on the furniture of the kitchen, whose shutteand vapors appeared mostly after, gttbsphorescence of
was open. The second flash was intense as daylight, lastatie air and cloudswhich were the union of the last three
more than 1 s, and was left impressed on his retinas. Hén Table 3, appeared mostly before, compared to the times
checked that everything was fine in the kitchen, and lookedof stronger shocks according to Galli. In comparing these
out the window but saw the stars, and did not hear thunfrequencies with those obtained in Galli's work we should
der. Then, he remembered having read an EQL summaryemember that, unlike Galli, they concerned only one earth-
a few months earlierSjlvestri 1999 and decided to take quake.
his family to a safer structure. The sighting was near Pet-
tino along state highway 80 and the kitchen window looked4.2  Spatial distribution and correlation with geological
towards Coppito (West). He also noticed that the air tem- structures
perature outside had sensibly warmed up during the night in
comparison with the feeling he had immediately after dinnerOne advantage in considering observations of a single event
time, at about 21:00 LT. is that their characteristics can be compared to today’s exist-
ing geological studies of that specific ar&afnaia 1992,
source parameter&@lli, 1910 and dynamics@alli, 1910
of the earthquake. Hence, a spatial distribution of the sight-

This study began to order and classify the testimonials; thigngs associated with the Aquila earthquake was taken into

4 EQL classifications and its space-time evolution

was done with reference to Galli's worialli, 1910. account; this is depicted in Figl. From such a distri-
bution, there appears to be a prevalence of some kind of
4.1 EQL classification and timing phenomena in different geographical zones. For example,

electrical discharges were observed mostly above Aquila and
This classification, which summarises the types describedo the north-west, while flames were observed principally
above, can be found in Tabld. It is slightly differ- along the Aterno Valley, south-east of Aquila. It was not
ent from that which had already been utilised), (as the possible to think that the electrical discharges reported by
name Lightning was changed td-lashes the type called witnesses were all short circuits of high voltage lines, as they
Sprinkleswas incorporated int&parksand Electrical dis-  had an enormous length and their distance from the ground
chargeswhich was added here. Furthermore, the withessesvas great, even if high voltage lines were present in the
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Table 3. The Aquila collection was ordered in accordance with the Galli classification.

Types Before During After Sum Uncertain Total
(shape and size) (#) (#) (#) #) #) (#)
Undetermined 1 6 1 8 - 8
Flashes 18 25 22 65 6 71
Electrical discharges 1 5 8 14 - 14
Thin strips of light 1 1 1 3 - 3
Fire balls 18 - 6 24 2 26
Fire columns 1 1 - 2 - 2
Fire beams 1 1 1 3 1 4
Luminous funnels 5 - 2 7 - 7
Flames 4 6 12 22 1 23
Small flames - 2 - 2 2
Sparks 1 1 2 4 - 4
Luminous vapors 4 - 4 8 - 8
Luminous clouds 20 2 4 26 2 28
Diffused lights 24 4 9 37 1 38
Streamers - - 3 3 - 3
All 99 54 75 228 13 241

Table 4. The four groups in which the forms can be assembled, according to Galli.

Groups Before During After Uncertain Total
(#) (#) (#) (#) (#)
Undefinable instantaneous illuminations 21 37 32 6 96
Well delimited and mobile luminous mass 25 2 9 3 39
Flames and shiny emanations 9 9 18 1 37
Phosphorescence of the air and clouds 44 6 16 3 69

territory. On the other hand, positions of the flames wereGraben delimited by Paganica and the Bazzano faults; within
very well correlated with the Aterno River and the main gasa morphologically flat area of the Aterno Valley, low-lying
pipeline, but in agreement with other workidi¢ke, 2004 compared to the surrounding zones. This flat area corre-
it would have been difficult to ignite gas without a primer. sponds to the area of maximum negative vertical deformation
Furthermore, flames were always red and did not cause firederived from the SAR dataA{zori, 2009. The Aterno Val-
nor were there any burn traces. The question can be raisel@y is partly filled with Pleistocene lacustrine deposits formed
if they were real flames or flame-like lights, as, no naturalby a complex sequence of pelitic and coarse grained units
reservoir within the geological formation of this Valley was (Bertini, 1989, with frequent lateral variations, overlying the
known while the presence of a primer was unlikely. bedrock. This area seems to represent the morphological ex-
Electrical discharges were of two types: vertical and pression of deeper tectonic movementszazanj 1998.
horizontal. Vertical discharges always originated from the
ground, reached up to one kilometer, and they were local4.3 Other classifications
ized exclusively over the graben edges or along the sides of
flat areas within the Aterno Valley. Whereas, horizontal dis- Following Galli's work, the classification of this collection
charges were located only over the asperity and mountainsyas problematic, because many sightings were difficult to
rarely originating from the ground, sometimes linking both assign to the types defined above. In fact, a clear red sky was
the asperity and the mountains. This may indicate the preseften associated with red clouds and coloured fogs. While
ence of high electrical potential differences, 1) between twoflashes were usually without electrical discharges, and the
horsts; and 2) between graben edges and atmosphere at holatter were often observed as huge but not significant flashes.
altitude. Flames were principally located to the west of theLight columns and light beams usually had only a colour
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Fig. 4. Geographical distributions of EQLs on the map retrieved from Google Maps wétigtémaps.google.ptthe symbols were

specified in the legend; black colour indicate during and after the main shock, white colour indicate before. Primary active faults in the
region of the sightings were indicated with red lines: ML, Monts of Laga Fault; CF, Capitignano Fault; MM, Mount Marino Fault; MSF,
Mount San Franco Fault; MST, Mount Stabbiata Fault; CLB, Collebringioni Fault; VM, Valle del Machione Fault; AF, Assergi Fault;
CIFS, Campo Imperatore Fault System; PF, Pettino Fault; PTF, Paganica-Tempera Fault; BF, Bazzano Fault; PPF, Poggio Picenze Fault
MFF, Monticchi-Fossa Fault; CFCF, Campo Felice-Colle Cerasitto Fault; SATF, Sant’Angelo-Tione Fault; Ovindoli-Pezza Fault; MV, Mont
Velino Fault. Fault location frolEMERGO(2010.
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Table 5. The Montandon classification of the Aquila collection. Table 6. Altitude, shape and movement direction classifications of
the Aquila collection.
Types Before During After
#) #) #) Types Before During After
“Lighting” 20 33 25 #) #) #)
“Luminous bands” 7 3 3 Ground based 19 13 21
“Globular lights” 15 - 6 Above the horizon 23 20 25
“Fire tongues” - 2 - High in the sky 5 8 5
Flames 4 6 12 Horizontal stretched 4 4 9
Vertical stretched 11 11 13
Globular 15 - 5
L . - Undetermined 17 26 24
similar to fire, while in several cases flames were so huge
that some questions were raised about their nature. Sparks Horizontal movement 6 1 3
could be observed in all of the other types and there were \S(?'Irlucal movement 356 382 462
i

few luminous funnels each very different from the other.
New, simpler and less precise classifications were pro-
posed after Galli's work, discarding events observed during

stormy or unsettled weather, which used the words “simi- |, contrast to the diffused light, whose duration was much
Iar.to", “like” and “Some“m?s called”Nlontandon 1948 . longer than the other sightings, all forms of light were lim-
This was because the physical phenomena of such luminOSteq i size. Even the largest flashes were rarely seen at a
ity were truly unknown and their association was based 0fjisiance of more than ten kilometers and their horizontal ex-
similarity. Therefore, it was suggested that the use of namegyngion did not appear to exceed a few kilometers. Regarding
belonging to similar, known phenomena should be done witheir altitude, we have data from a station in Rieti, ITATOR
caution Gt-Laurenf2000. The simpler Mountadon classi-  prgject pttp:/itator.itacomm.nel/which looked towards the
fication was applied to the Aquila collection after discarding 44 of the earthquake and which was dedicated to capturing
testimonials which happened when weather, time or location;jyeq sprites. Such recordings assure us that the luminosity
of sightings was undetermined. Furthermore, early sightingsyiq not reach an altitude of 4.3 km above the city of Aquila
in the summer of 2008 and late September 2009, plus luMityyjeri 2009. So, we deduced that all the luminous activ-
nous vapors, luminous clouds, diffused lights and streamergy jnyolved a limited portion of the stratosphere above the
were discarded; after which 136 cases remained (Table Skjicenter, extending between 10 to 50times more in hori-
Not very different from the Galli classification, “flashes” ap- zontally than vertically.
peared prevalently during the main shock, “luminous” bands
and “flames” appeared after this, while “globular lights” ap-
peared before. 5 Conclusions

With such an abundant set of data, we were able to put the
testimonials into a different order or split the sightings into A questionnaire was prepared to collect testimonials re-
different types. As already suggested by Galli, an alterna-garding luminous and other non-common phenomena from
tive way to order the collection could be to base it on their Abruzzo residents after the strong quake of 6 April 2009.
distance from the ground. Being so, we divided the sight-About one thousand phenomena were reported of which 241

ing positions into: ground based, above the horizon and highvere luminous phenomena. Several photos included lumi-
in the sky, as seen in Tab& Luminosity which appeared Nnous phenomena. At least 99 of such phenomena occurred
to touch the ground were observed mostly before and aftepefore the main shock and other strong events of the seis-
the main shock as well as the above the horizon lights, whileémic sequence, whereas globular lights, luminous clouds and
lights high in the sky were mostly observed during the quake diffused light were more frequent before the quakes. Lumi-
The shape of the light was also taken in account, but onlynous events were observed before the main shock without
spherical shapes were sighted before the quake. Horizorthe ground shaking and were very similar to those reported
tally and vertically stretched lights were mainly observed af- about two centuries ago. Given this, they could be considered
ter the quake, and the percentage of vertical ones was greatdtiemonitory phenomena. Finally, the experience of Carlo
Undetermined shapes were observed during and around th@trinella, who had knowledge of EQL, took measures to pro-
quake time. Finally, the light movement was also subdivided:tect his family after interpreting some flashes he had sighted
horizontal, vertical or still. Both movements were observedbefore the main shock. This suggests that educating the gene-
mostly before the quake, while stationary objects were prin-ral population about EQL phenomena could help save lives.
cipally observed after the main shocks.
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