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FROM THE EDITOR

Right earthquake model and a multidisciplinary approach:
keys for successfully forecasting major earthquakes

s is well known, earthquakes have been officially declared unpredictable. In a report on the-recently

held special symposium of the Japan8sei s mo|l ogi cal Soci ety ™n October
anniversary hi st ory of earthquake study and its futurebo,
despite knowing that earthquakes can never be predicted, their predictability (orepos=ilttability) has

been exploited to secure public funding for their own researches, which have no relevance to actual

earthquake predictiorshukan Post 9 November 2012). Earthquake fiunpr
defend seismologistsintherecenbo urt case arising from the April 20
which six scientists and an administrator were sentenced to 6 years in prison. You can read more about the

|l Aquila case in the Geopolitical Corner of this N

Ironically, thepresent pessimistic and chaotic state in earthquake prediction science-gemssited

guagmire, created by the reigning tectonic médaate subduction as the cause of earthquakes. What has

become increasing clear from our studies, however, isldeyi Earthsourced energy causes the tectonic

and magmatic activities at t he Ea-+intprlovedundemstantirgc e . Th
of Earth structures and workingp ar t i cul arly pl anetary fracture syst
surface including ocean floors, which control energy transmigration from the outer core to the surface,
earthquake generation, and trap structures. Furthermore we have started to recognize the interaction

between the Earth, the Sun and other planetacg$piand their relation to tectonic activities.

Guided by the new tectonic model and concepts, the recently formed International Earthquake and Volcano
Prediction Center (IEVPC) (in which many NCGT members are involved) has demonstrated that strong
earthaquakes are predictable months to weeks prior to the events. Their latest press release, which is printed
elsewhere in this issue, referred to their three successful test cases. Because we have reached a pivotal
historic point which changes the longstandingv of earthquakes and their predictability, | will present

further details here for our readers.

The first case is the Kamchatka quake. It was pred
conceptGeéophysiquev. 13, Orstom, Paris, 20§pTwo deep quakes that occurred in the northern

Okhotsk Sea in 2008 were used to project their shallow appearance. Based on geological structure and
historical earthquakes, the epicenter was placed in the continental slope to the trench area off &amchatk
with a possible time in the early half of 2012 and a magnitude 7.4+. Independently from us, Russian
seismologists based in Petropavré&mchatky, Kamchatka, warned local residents in February of a
possible strong earthquake (M6 to 7) based on theirstmdies. This news prompted us to establish the
IEVPC. As expected, the predicted epicentral area has started to show various kinds of precursory signals
including earthquake clouds, gas eruption and thermal phenomena with meidsrateocks in the

coninental slopes after March, particularly from May onwards in the wide area ofiamichatka

Aleutians (Kamchatka triangle). The activity reached its climax in late October to early December when a
powerful shortterm signal, the VLF electromagnetic wau®pagation anomaly, was detected by Dr.
Hayakawa (IEVPC associate) between the transmission stations in Seattle, USA, and Japan. It appeared
three times (1 to 3 Oct., 3 to 4 Nov. and 16 Nov.), each followed by a spate of intensive, strong shocks in
the cantinental slopes of the Kamchatka triangle including an Mém816 Nov. later downgraded to M6.5

by USGS) 12 to 14 days after the appearance of the VLF anomaly. It is noteworthy that the first cycle of
the VLF anomaly included an intriguing fact; onellod stations in Japan recorded an extremely strong
anomaly which exceeded the one that appeared just before the March 2011 Tohoku earthquak&/¢M9.0).
believe this is the real magnitude of the energy of the predicted earthquake. Additional data amttelon i
soil, provided by local Russian seismologists in late November, indicated very active radon gas discharge
at that time.
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We consider that the quakes that occurred in the Kamchatka triangle from October to December are
primarily foreshocks, but thefgiled to trigger a mainshock, despite the spectacular display of many
precursory phenomena in the wide area of the northwest Pacific and the epicentral area. As noted in the
press release, a remarkable series of quakes spread along a line of aimdsh1&q@nded much of the

mai nshockds energy from 14 to 22 October in the
which struck at the predicted epicenter. Thus instead of a single M7.4+ quake with possible loss of life and
Pacific wide tsunamive fortunately saw many predicted quakes within the forecast time frame, including

at the predicted location.

We noted in the sea surface temperature (SST) and outgoing longwave radiation (OLR) trends that the
energy from the deep Okhotsk Sea peakeshity September and then started to recede in the epicentral
block. But instead, powerful regional heat in the deep northwestern Pacific continued to feed the region; a
distinctive thermal peak was established exactly in the predicted area from Septeedrbr December,

which receded rapidly in the latter half of December. During the receding period, a cauldron volcanic
structure appeared in the area. The thermal history of the region is comparable to that in terrestrial cauldron
development as describedKubota Boll. Soc. Geol. If vol. spec. no. 5, p. 18868.). This explains the

missing mainshock the energy from the deep Earth has been spent in feeding volcanoes with the peak of
energy expenditure with the quake series in late October. The @regrgstructure was incomplete and

leakyi a result of the oceanization process in the area.

The second case is the Myanmar quake (M6.8) on 11 November 2012. Dr. Bapat of India (one of the
IEVPC associates) noted an unusually high total electrotenb(TEC) anomaly for more than one month

from 21 September to 5 November 2012 in the eastern India to Myanmar area. The sea surface temperature
(SST) also indicated the strong heat emanating from north (or land) to south (Bengal Sea). He asked me for
other data. On the satellite images, | noted that many earthquake clouds appeared on 14 September (58
days before the mainshock) in the wide area along a majeSEWAult running from the foot of the

Himalayas through East India to Myanmar where it meet$\t§ Shan Boundary Fault. A quake later

occurred at the junction of these two bldmbundary fault systems. Also noted were radiating, concentric

cloud (or cloudless) patterns which appeared on 15 September, 3 October and 20 October near the future
epicerter, the last one being spoi. Dr. Bapat submitted a note of his observations to the Indian magazine
Current Sciencen 8 November (3 days prior to the quake), and also informed the Indian government,
National Disaster Management Authority (NDMA), NewlBieon 6 November (5 days in advance)

providing the predicted parameters: 1) epicenter, where concentric clouds appeared (result, correct), 2)
magnitude, 6.5 to 7.0 (it was 6.&orrect), and 3) time frame, two to four weeks from 5 November (one

week diference, almost correct).

Independently from Dr. Bapat, Dr. Hayakawa of Japan detected a VLF electromagnetic wave propagation
anomaly on 31 October between stations in Australia and Japan, and issued a warning for a M6.0+ quake
somewhere in the Philippes and Indoesia region to his clients. ler ot e t o me, fiéaltho
out of the Fresnel zone, if your magnitude is much greater than 6, our issued prediction might correspond
to your Myanmar Eq as310c 2002hcemnmiricait HiSMLFwvsaveraaomdyg . 0 (
usually appears one to two weeks prior to the seismic events. Thus it matches the Myanmar event, as there
were no other major M6.0+ quakes in the region during the period.

The third case is the Molucca Sea, Indonesia. The IEV&@Ges of the Molucca Sea threat in their early

press release in a general form. It was based on a series of very strong deep shocks in the northern Celebe
Sea in July, 2010 (Choi, NCGT no. 56, p-8% 2010). A prediction test was made on the basis of a

unique, regional concentric pattern (probably formed by ionized radon discharge) which usually appears on
satellite images a few weeks prior to a mainshock, which we learnt while studying major historical
earthquakes. As expected, an M6.0 quake occurribe aredicted site in the Celebes Sea. Regardless of

this test, the Molucca Sea region has already entered an active stage with the 31 August M7.6 quake off
Samar Island, Philippines, as a symbolic harbinger. The region is being shaken almost every day by
moderate to strong shocks.
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The | EVPC6s comprehensive studies on Kamchat ka, My
that there are unmistakable precursory signals that can be used for detecting impending strong earthquakes:

1) deep strong shés (ET concept) for lonterm prediction, 2) clouds and electromagnetic/thermal

phenomena such &ST,OLR and TEC for intermediatierm prediction, and 3) VLF wave propagation

and electromagnetic phenomena for stemnn prediction. When these data arsmbined with geology, we

can reasonably forecast strong (M6.5+) earthquakes well in advance.

In addition, though still not acknowledged by authoritative seismological organizations, the March 2011
Tohoku earthquake in Japan was correctly forecasted lylthal Network for the Forecasting of
Earthquakes (GNFE). They detected a sudden, strong anomaly id@upgravity four days prior to the
guake and published the locality, time and magnitude on their website two days prior to the event with
pinpoint acuracy http://www.seismonet.org/page.html?id_node=130&id_fileg12&other wellknown
successful case is the Haicheng earthquake in China in EDS 1fo. 58, p. 23@72, 1977).

In the light of all these successful cases, do you still consider earthquakes to be unpredictable? If we have
the will and determination, we can learn to understand earthquake mechanisms and decipher precursory
signals by adopting a multidisciplinary appch. In this way, many lives will be saved.

LETTERS TO THE EDITOR

The Editor,
New Concepts in Global Tectonics Newsletter.

hank you for the -enail re.correspondence with B. Erickson to be published in the next edition of
NCGT Newsletted am sending you some more information concerning my correspondence with
Geoscientistvhich you may wish to consider bringing to the attention of a wider audience.

After | had received a rejection letter for my brief essay pointing to evidencedak® on the ocean
floors which refutes plate tectonic theory and published@GT Newsletteno. 62 , | submitted a revised
version with more details and less controversial comment. In reply | received the following:

"Thank you for your rewrite of you original piece addressing subsea anomalies that seem not to fit
with the standard model of plate tectonics and specifically subduction.

After extensive discussion in the editorial board | am afraid that the overwhelming view was that, while
you have idatified a number of apparent anomalies, many may not be as anomalous as you present
them; that of those remaining, many are dubious records whose location is only sketchily known; that
while these may be worthy of investigation, they are likely each te imeresting but uniqueand
essentially trivial explanations; and that even if they did not, they would not form a heavy enough
counterweight to the overwhelming evidence that exists in favour of the existence of subduction.

In short, the Board didot feel that subduction falls into the category of 'oppressive theoretical models
refusing to collapse under the weight of contrary evidence by virtue of power exerted through the
corruption of peer review', a charge levelled previously with some justtimech questions as the
existence of mantle plumes and the connection between the Chicxulub crater and the end Cretaceous
impactor. Therefore we have decided not to publish. J. McCall (a senior editor) will write to you."

| would point out that my esganentioned only in passing that | had previously pointed to a significant and
substantial body of evidence that disproves subduction; the main purpose of the essay was to bring reader's
attention to the evidence from rocks from the ocean floors thdidalie sedloor spreading hypothesis.

This point was never addressed in any of the correspondence that | receiv€&ktrscrentistReaders can
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draw their own conclusions from the remainder of the comments quoted above, in particular the

implication that those who have carried out extensive deep sea drilling and dredging are only vaguely
aware of the location of their vessels and are clearly unable to identify and accurately date rock samples so
obtained. The third paragraph requires no comment fromim#gril 2012 | wrote a 14 page personal

letter to J. McCall giving many more details and references concerning the overwhelming evidence that
disproves seéfloor spreading: | have received no reply, nor do | expect one. | have never been given any of
the"overwhelming evidence in favour of the existence of subduction” or any references to it which seems
rather strange when dealing with a supposed scientific magazine, or am | missing something?

In the October issue @deoscientist short article by WJacoby was published about A. Wegener and his
i deas. His concluding sentence read "é.we -must t
the man who made mobilists of us all.” | wrote a short letter to the editor challenging this assertion:

"Prof. W. Jakoby's interesting and informative article on WegdbeogcientisOctober 2012) had a serious
flaw. Not all of us are mobilists: to my certain knowledge there is a significant minority of our society
membership who are not. Added to thatstnRussian and Japanese geologists are not, and a significant
number of practising and ngractising geologists in Australia, New Zealand and the rest of the world do

not support the idea either. The reasons are simple: there is a substantial (sonsayvoudtwhelming)

body of geological and geophysical evidence which has been published over the past 60 years that disproves
both sea floor spreading and subduction, although little of this has ever appeared in the Gagssieftis

or the Journal athe Society. Consequently there is and has been a lively, highly informed and successful
debate concerning the history of this planet, and creating models for the accurate long term prediction of
earthquakes and volcanic eruptions, location of metalifesoribodies, oil and gas reserves and much else

of geological importance in which mobilism has taken no part because there is no need for that hypothesis.
Wegener was a truly remarkable scientist who made important contributions to knowledge and some less
important ones to geologyplease can we remember him for that.”

After 4 days my anail was returned because the queue time had expire@gioscientishas now blocked

my electronic correspondence with them. Am | being paranoid if | suspedi¢hatrruption of peer

review is being used to block contrary opinions and evidence which refute the current dogma, in spite of
the website claiming that "strong opinions are welcome"? Can anyone tell me why | should no longer
regard the Geological Sociedy London as being any different from its origin: a very expensive London
dining club with a rather good library attached?

Yours very sincerely
Stephen Foster
hero5.premiere@blueyonder.co.uk

ANNOUNCEMENT

The NCGT editorial board has decidibdtthe currenNCGT Newslettewill becomeNCGT Journafrom
the next issue, March 201Bhis is amore appropatename considerinthe present status the
Newsletteiin the world geoscience communiti@sdthe futureactivities of the NCGT group.
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ARTICLES

SOLAR ACTIVITY LINKED TO HIGH -MAGNITUDE EARTHQUAKES

Stephen A. REYNOLDS
Independent Earthquake Researcher / Amateur Astronomer
Christchurch, New Zealand
sareynolds@xtra.co.nz

Abstract: This report investigates whether strong solar activity has the mdtentrigger highmagnitude earthquakes,
following recent observations. Magnetometer data from GOES (Geostationary Operational Environmental Satellite/s)
for 2001 to 2011 were assessed againsplu® magnitude earthquakes worldwide. Results showse #erthquakes

clustered towards strong solar activity. The statistical correlation was then validated against a hypothesis, that fault
lines were fed increased electrical energy in a similar way to geomagniteed current. Grourbased data from

HAARP the High frequency Active Auroral Research Program based in Gokona, Alaska, backed up this hypothesis
along with present understanding of ground telluric currents. Similar studies investigated also showed a possible similar
process by which large incresssin ground current and magnetic fields preceded earthquakes, suggesting a positive
statistical correlation between strong solar activity and the triggering ohmégimitude earthquakes.

Keywords:Solar, earthquakes, geomagneiticluced current, GOE®nagnetometer

Introduction
During regular solar activity observations, it was noted that prior to manynmagimitude earthquakes

there is strong solar activity. Just prior to the Japan mega earthquake of 9.0 magnitude in March 2011
there were severalrsing solar flares for example. Strong solar activity versus earthquake activity was
initially considered a coincidence but warranted further investigation to confirm or rule this out.

A hypothesis was put forward that fault lines were fed increasettie# energy in a similar way to
geomagnetiinduced current. The hypothesis is tested using a ground based magnetometer and present
understanding of ground currents and magnetic field changes prior tohigihitude earthquakes. Given

the observed podde link between strong solar activity and earthquakes and the widespread alternative
belief to the standard paradigm that solar activity has an influence on earthquakes the aim of this research
was to investigate whether high solar activity has the pateattrigger highmagnitude earthquakes. If a

link does exist this may add to the ability for earthquakes to be predicted with accuracy in the future by
increasing our understanding of trigger mechanisms.

Measuring solar activity

Geomagnetic actiwtis often observed on Earth after strong solar events such as coronal holes, flares and
magnetic filament eruptions occur. Strong solar events often send charged particles towards Earth via the
Sundés wind stream. Sol ar aeveral saiellites and sbsenvatarissuorassess a n d
risk to satellites and global communications as strong solar activity can damage instruments. On rare
occasions power outages can occur at ground level from geomagdeted currents which damage

transforners and other equipment (Marusek, 2007).

One parameter for measuring incoming solar activity is the magnetometer data from GOES. Magnetometer

data is produced by two satellites. There have been several GOES over the years but at present these are
GOES 13 and 15. These satellites maintaingeosyoch ous or bits. The word fAgeo:s
the Greelgeq me ani ng syinEhaomé h oneamd ng fAat the same ti meo,
more or less keep the satellites parked at the same distance from Earth and rotating around deslongitu
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Method of correlation analysis
Magnetometer data from GOES proe#da tidy way to assess whether there is a correlation between strong

solar activity and higimagnitude earthquakes due to the time line of the magnetic field strength data

produced.

Magnetic field strength is measured in nanoteslas (nT). A baselingetvas50 nT or very close to 50 nT

respect

t o

t h

e satell

t eds

or bi

and greater for the change in magnetic field strength: both downwards (below satellites orbit), a dip on the
graph; and upwards (extending outwards from satellite orbit), a spike on the graph. The 50 nT up and down
variation indicates reasonably strong solar activity and sets a baseline for easier assessment.

The quietday curve has a sine wave curve appearance with the middle of the graph aroundRiQOMT (

An upward spike or expansion of the magnetosphere budftio nT or greater will push the graph reading

to 150 nT or greater. A downward spike or compression of 50 nT or greater will push the graph down to 50

nT or lessig. 2).

The solar cycle is around 11 years in duration and includes a maximum sblaglactivity and minimum

of low solar activity. Solar maximum will therefore produce more variations away from the sine curve

appearance on GOES magnetometer graph plots over time compared to solar minimum. To get a true
indication of whether strong solactivity triggers highmagnitude earthquakes an-Y&ar period covering

both solar minimum and maximum is therefore included in the analysis for GOES magnetosphere data from

2001 to 2011.
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Fig. 2. GOES magnetometer graph showing magnetic variations during strong solar gdiatitynal Oceanic and
Atmosphere Administration Space Weather Prediction Centre, 2008).

The United States Geological Survey (USGSaldase was used where required or its more recent data files
for worldwide earthquakes of Z@lus magnitude from 2001 to 2011. The database can be set up to list the
required year and magnitude with earthquakes in Universal time (UTC).

Earthquakes of @:plus magnitude (173 in total) were assessed initially to reduce the quantity of data
required and were plotted against the magnetic variations from GOES, followedfly$ragnitude
earthquakes as an extended investigation for 2009 and 2011.

Resultsof Analysis
It was found that earthquakes occurred on the same day of the magnetic variation, either during the variation
on that dayFKig. 3) or after the variation on that ddyig. 4) and up to 9 days after the magnetic variation.

The majority of7.0-plus magnitude earthquakes (41.6%) occurred on the same day as the magnetic variation
followed by the day after (24.8%). On day two onwards, percentages tailédgofby,

Similar results were obtained with gplus magnitude earthquakes for 200@ 2011: 31.4% occurred on
the same day of the magnetic variation and 15.8% the day after. On day two the percentage was 14.3%; day
three, 13.8%; day four, 7.6%; and reducing here after.

During the complete solar cycle assessment ofpiu@ magnitudearthquakes the percentages of

earthquakes occurring on the same day and the day after increased as each year was added. This would most
likely be the trend for the 6-plus magnitude earthquakes if assessment continued, as after adding 2011
percentaget2009 the total percentages of earthquakes occurring on day of magnetic variation and the day
after increased.
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Fig. 4. GOES magnetometer graph with earthquake of 7.1 magnitude occurring after magnetic variation and on same
day. Earthquake occurred on Janudfy2810 at 22:36 UTC(National Earthquake Information Centraitéd States
Geological Survey, 2010]National Oceanic and Atmosphere Administration Space Weather Prediction Centre, 2010).
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GOES Magnetometer versus 7 plus magnitude earthquakes 2001-2011
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Discussion on induced current
To validate these results and rule out a statistical coincidence there needs to be a mechanism to create this
pattern and evidence that this process works. Validation may include any other studies cattnegd out
possibly indicate solar activity or magnetic variations playing a part in earthquake triggering.

= [

8

An hypothesis on the cause of the clustering of earthquakes following the magnetic variations of 50 nT or
greater is similar to the processgeomagetic-induced current produced from very strong solar activity that
cause power outages.

During very strong solar activity a ring current is produced around the Earth, caused by the charged particles
trapped in the magnetic field. Ring currentisknowntot er f er e

wi t Hevdlhagnetcar t ho s

field, reducing it; this can be detected with ground bamagnetometers. If the ring current is strong
| ar ge
magnetic field will then bounce back. Any conducting material within this movement will therefore have the

enough,

potential to gain an increase in voltage, caiedmagnetignduced currentPower outages can then occur

t wi ||

cause

S Wi

ft

and

VvV arsi

ati

from damage to transformers and otharipment. Geomagnetinduced current has also been known to
occur within pipelines underground (Marusek, 2007).

ons

On a large scale, a fault line is potentially a large conductor, containing water and conducting compounds

such as metals and quartz withie ttocks. Any fluctuation of reasonable size (less than the fluctuations
required to cause power outages) in theory could be enough to increase ground currents and therefore energy

into a fault line. A smaller variation than what occurs during power outaggde required due to
increased size of the conductor in this case the fault line. Any pending earthquakes may then be brought
forward a few days or so, resulting in a cluster of earthquakes following GOES magnetic variations.

¢

/
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Validation assessmentvith HAARP data.

A further assessment was then carried out to determine if GOES magnetometer variations of 50 nT or
greater were enough to cause a dip in the Earthos
occur beneath the forming oewkeloped ring current as it rotates around the globe, potentially adding energy

to fault lines.

Magnetic variation at ground level should occur either immediately after GOES magnetic variations or a few
hours later depending on the rotation of the dagent and prior to the earthqualkégs. 6 and 7.

The High frequency Active Auroral Research Program (HAARP) was selected due to ease of access to data
which includes an archive with graphs from the grebaded fluxgate magnetometer also in UTC.

Earhquakes close to HAARP in Alaska were examined. Earthquakes examined were therefore from the
northern hemisphere with longitudes between 100 degrees west, across the Pacific Ocean to 130 degrees east
which included Japan. Within this category, earthquétk&tsoccurred up to three days after a GOES

magnetic variation were chosen, as these earthquakes are the ones most likely induced by extra electrical
current. Readings were taken from the Z component (the blue trace on the graph) as this shows a vertical
change in the magnetic fiel&i. 7).

Groundbased magnetic variations compared well with GOES magnetic variations with respect to size of
variation and duration indicating that both sets of variations were related and therefore most likely
influencedby solar activity and not any other factor. Previous days of GOES magnetic vanetienalso
often seen on grourdiased HAARP magnetic variations.

Of the 35 earthquakes examined within the latitlohgitude and time frame after GOES magnetic
variations, all earthquakes had a grotmaked dip after the GOES magnetic variations and prior to the
earthquakes.

One set of GOES magnetometer graph data needed to be reassessed becausasgwumagnetic

variation occurred at HARRP two days prior to artteguake in Japan instead of on the same day, as with

the initial GOES magnetic variation assessed. It was found that solar activity had been strong for two days
earlier as well with the first day of strong solar activity producing a griased dip at HRRP only, prior

to the earthquake. This indicated that the initial GOES magnetic variation (before validation) had not created

a ring current above the earthquake epicentre prior to the earthquake, but only the first day of solar activity.

The size and dation of the reassessed GOES verse HARRP for this earthquake compared well with size

and duration and therefore this was a possible triggered earthquake. The change in statistics was
insignificant with the eart hqutaike sv arcicaitrird m gr ifioinn g
the dayo reducing slightly. Therefore the majority
activity. Due to the large percentage of earthquakes occurring during or shortly after high solar aatvity the

is significant room in the statistical results for this occurrence.
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Fig. 6. GOES magnetometer graph with magnetic variation prior to HAARP magnetic var{&taimnal Oceanic
and Atmosphere Administration Space Weather Prediction Centre, 2007).

Present Understanding of Ground Currents

There are known telluric currents that are gener
mantle) from the Earthds internal magnetic field
induction. Regular solar activity ionises peles in the ionosphere, creating electric currents within the
ionosphere. Electromagnetic induction from the ionosphere currents produces a diurnal fluctuation in the
Earthés internal magnetic field (a GlAig8dgraph sine

a

t
(

Telluric currents are stronger the deeper into the Earth they go, as temperature increases conductivity, but

this is not uniform due to other factors. The potential depth and strength of the telluric currents will therefore
coverallfautihes capable of a significant earthquake. Ma 1
fault lines and have piezoelectric properties (e.g., quartz). When stress is-dppleeémple by means of a

charge (current), physical stress or haateletrical current is generated (Chavalier, 2007; Wood, 1986).

Telluric currents are largecale and strong currents which are easily measured. Magnettellurics, for
example, uses telluric currents to i maayedifferéne Ear t h
electrical conductivities with depths ranging from 300 metres to more than 10,000 metres. Rapid changes in

the ionosphere currents (often caused by strong solar activity) can disturb these geophysical surveys due to
increased voltage intotiear t hds cr ust (Chavalier, 2007 ; Duma, n
internal magnetic field are the main inducing mechanism and the sun is therefore the main driver for this
process and thus telluric cumdent in the Earthodés c
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Fig. 7. HAARP magnetic variations preceding earthquake of 7.5 magnitude South East ofNagianal Earthquake
Information CentréJnited States Geological Survey, 200/Mhe High Frequency Active Auroral Research Program,
2007).

Earthquakes vs magnetic field and current banges

Many researches have monitored large changes in magnetic field and electrical current severabhtrs
high-magnitude earthquakes, even some distance away and as a result they have monitoring systems, such as
the ParkfieldHollister Electromagnetic Monitoring Array in California, to measure any patterns in changes.

The mechanism for these changeaot understood, but it could well be initiated by strong solar activity

(Boyd and Morrison, n.d; Wood, 1986).

A study done by the Central Institute for Meteorology and Geodynamics in Vienna, Austria, has shown that
regular daily solar (via diurnal effefrom ionosphere), seasonal and lgagm variations of increased

magnetic field intensity correspond to an increase in earthquake numbers. Referred toaagdio

seismic effegqfDuma, n.d). Results of this study indicate a similar process of inducesht, whereby the

increase in magnetic field could be increasing telluric current into fault lines. Generation of electricity is the
same: one way to increase the current strength is to increase the magnetic field strength by adding a stronger
magnet taa generator (Duma, n.d).

A study in California examined Pcl pulsations (
Aiirregularodo) which are a continuous magnetic pu
minutes to hours within thenosphere and increasing two to seven days after geomagnetic storms at low
latitudes. The research showed there was a three to five times higher likelihood that an earthquake would
occur in the first week following Pcl pulsations with increases in nunolb&sl occurrence increasing the
odds, not just an observation of one Pcl (Bortnik et al., 2008).

i Pc
| s a

There are a couple of hypotheses on the cause of Pcl changes in the ionosphere with one suggesting that if
the positive statistical correlation with eartiadtes is correct then they could be generated within the Earth
due to electric currents (Bortnik et al., 2008). If Pcl pulsations are generated by electric currents then an
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earthquake would only occur if electric current was within a fault line and uisaas over an epicentre,
hence that earthquakes do not always occur.

Conclusions

The research carried out suggests a positive statistical correlation exists between strong solar activity and
high-magnitude earthquakes, using GOES magnetometer magakticdriation data. Variations in the

HAARP groundbased magnetometer data confirmed the given hypothesis of possible ground current being
induced into fault lines.

The present understanding of ground currents and other research on magnetic fisdthsaria ground

current increases prior to highagnitude earthquakes, adds weight to the hypothesis of current induced into
fault lines and therefore to the possible link between strong solar activity and triggering-ofdggitude
earthquakes.
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9/56 YEARCYCLE: 18" & 19" CENTURY WORLD EARTHQUAKES

David MCM INN
Independent Cycle Researcher
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Twin Palns, Blue Knob, NSW 2480, Australia

Abstract: A 9/56 year cycle had been established irtitning of earthquakes in various countries and regions. In this
paper, the cycle was assessed in the timing of majbadd 19 century world earthquakes. Remarkably, most 1765
1885 seismic events (M => 7.9) took place in one half of the complete €5@rid, a finding that was repeatable for
two listings of major earthquakes. Since 1900, world mega quakes (M => 8.5) also occurred preferentially in 54/56
year grids, something that was considered in relation to earlier centuries. Such studies wéaatimpppraising

long term trends in seismic cycles. Earthquake fatalities, both worldwide and in the USA, were also reviewed in
relation to the 9/56 year cycle.

Keywords 9/56 year cycle, 8century, 18 century, world earthquakes, fatalities.

Introduction
he timing of 18 and 19' century world earthquakes was assessed in relation to the 9/56 year seismic
cycle. Three reference sources were used in the asse$swWeipedia, Fujitaand the US Geological
Survey USGS) Any catalog over veriong time frames was biased towards the more recent years. The
further one goes back in time the more questionable the various listings become in terms of both accuracy
and comprehensiveneda particular, estimated magnitudes varied considerably acgomlireference
source. Informatiomn historical Alaskan mega quakes was also virtually nonexistent before 1890 and thus
there was a critical gap in the available raw data. Despite such obvious limitations, the three sources were
still selected because thavere the best available. Additionally, the database of the National Geophysical
Data Center (NGDC) provided another important reference on pre 1900 earthquakes.

Most major earthquakes (M => 7.9) occurring in the 12885 period fell in 50% of the oaplete 9/56

year cycle (se&able 1), something that applied very well for listings from WikipediBujitai USGS, as

well as the NGDC. The very high significance and the repeatability of the finding should counter the
unreliability of the early data. Filmermore, 54/56 year grids were established for post 1900 mega quakes
(McMinn, 2011b, 2012b), which may, in part, be extrapolated back into earlier centuries.

The 9/56 year cycle was fundamental in the timing of earthquakes (McMinn, 2011a, 2011pa2@l1c
consisted of a grid with intervals of 9 years on the horizontal (calledyales) and intervals of 56 years on

the vertical (called sequences). The 56 year sequences have been numbered in accorddoktnmith
(Appendix 2, 2002)with Sequence 01 being designated as 1817, 1873, 1929, 1985, Sequence 02 as 1818,
1874, 1930, 1986 and so forth. Tymar of best fit was applied in the various tables presented in the paper.
Earthquakes that occurred within a few days of each other and in the same country/region were treated as
one event (eg: the December 1811 New Madrid quakes, the April 1819 Chilseescand the December

1854 Japanese quakes).
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18" & 19" Century Earthquakes

Wikipedia listed some 31 major quakes (M => 7.9) for the 1700 to 1899 epodhpiserdix 1). This

listing was expanded to include other early earthquakes presented in cayafagisaband thdJSGS(see
Appendix 2). The three sources gave a total of 42 major events between 1700 and 1900, of which 33
showed up irb0% of the complete 9/56 year cy¢imeTable 1) (significant p < .01). Significance could be
boosted hugely by considering the 17885 era, when 24 earthquakes appearddisle 1WITH NO
EXCEPTIONS (significant p < 1%). Relatively few pre 1900 major quakes happened in the other half of the
complete 9/56 year grid (sé@pendix 3).

There was a propensity for major 1786885 earthquakes to take place within 50% of the complete 9/56 year
cycle. This strong patterning did not continue into th® @&htury for whatever reason.

Table 1
9/56 YEAR CYCLE : MAJOR WO RLD EARTHQUAKES (M => 7.9) 1700i 1899

Wikipedia, Fujita and USGS

Year ending September 30
Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq
18 27 36 45 54 07 16 25 34 43 52 05 14 23
1700| 1709 | 1718 1727
0126
1702 | 1711| 1720| 1729 | 1738 | 1747 | 1756 | 1765| 1774 | 1783
1737 | 1746 | 1755
1017| 1023| 1101
1722 | 1731| 1740| 1749 | 1758 | 1767 | 1776| 1785| 1794 | 1803 | 1812 | 1821 | 1830| 1839

1766 1802 | 0207 | 0710
1021 1026 | 1811
1216
1778 | 1787 | 1796 | 1805 | 1814 | 1823 | 1832 | 1841 | 1850 | 1859 | 1868 | 1877 | 1886 | 1895
1822 0403
1119 1868
0813
1834 | 1843| 1852 | 1861 | 1870 | 1879 | 1888 | 1897
1833 0216 0612
1125 1897
0921
1890 | 1899
0904
1899
0910

Continuedéé. .

32 41 50 03 12 21 30 39 48 01 10 19 28 37
1705| 1714 1723| 1732 | 1741
1707 | 1716| 1725| 1734 | 1743 | 1752 | 1761 | 1770| 1779 | 1788 | 1797

0203 0204
1797
0210
1736| 1745| 1754 | 1763 | 1772 | 1781 | 1790 | 1799 | 1808 | 1817 | 1826| 1835| 1844 | 1853
0202
1792 | 1801 | 1810| 1819| 1828 | 1837 | 1846 | 1855| 1864 | 1873 | 1882 | 1891 | 1900
0822 0616 0125 1881
1854 1231
1223
1854
1224

1848 | 1857 | 1866 | 1875| 1884 | 1893
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[ 0109] | | | | | | | | | | |
Events inredappeared in the Wikipedia listing.
Events inblue did not appear in the Wikipedia listing, but were listed by the USGS and/or Fuijita.
Sources of Raw DataWikipedia, Fujita andUSGS

54/56 year and-45/56 year grids correlated with the timing of post 1900 world mega quakes based on the
listing by Fujita (McMinn, 2011b, 2012b). These 54/56 year grids Wwgpethesized to endure through the

18" and 19' centuries. IfTable 2, Grid A contained 14 major pre 1900 events as listefifipendix 2,

compared with an expected 5.3 (significant p < .001). In contrast, only three early events showed up in Grid
B somehing that could have happened by chance. Strangely, pre 1900 events appeared preferentially in Grid
A, but not in Grid B.

Table 2
54/56 YEARCYCLE: WORLD EARTHQUAKES 1700 TO 2012
19002012 Quakes M => 8.5 Year ending October 30
17001899 Quakes M => 6.9 Year ending November 25
Grid A
Sq Sq Sq Sq Sq Sq Sq
29 27 25 23 21 19 17
1721
1723 1777
1725 1779 1833
0201 1125
1727 1781 1835 1889
1118 0220 0711
1729 1783 1837 1891 1945
0227
1731 1785 1839 1893 1947 2001
1733 1787 1841 1895 1949 2003
0502 0517
1789 1843 1897 1951 2005
0208 0612 0328
1843 1897 2004
0425 0921 1226
1845 1899 1953 2007
0904 1952 0921
1899 1103
0910
1901 1955 2009
1957 2011
0309 0311
2013
Grid B
Sq Sq Sq Sq Sq Sq Sq
36 34 32 30 28 26 24
1728
1730 1784
0708
1732 1786 1840
1734 1788 1842 1896
@) 0615
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1736 1790 1844 1898 1952
1738 1792 1846 1900 1954 2008
0822
1740 1794 1848 1902 1956 2010
0227
1796 1850 1904 1958 2012
0411
1852 1906 1960 2014
0131 0522
1906
0820
1908 1962 2016
1964 2018
0328
Pre 1900 eents inred appeared in the Wikipedia Fujita USGS listingAippendix 2.
Post 1900eentsinblueappeared in Fujitads catalog
In Grid A, Sgs 21, 23, 25, 27, 2howed up in the 54/56 year grids for world mega quake
Appendix 4, McMinn (2012b).
In Grid B, Sgs 28, 30, 32, 34, 36 fell in the 54/56 year grids for world mega quakes in
Appendix 4, McMinn (2012b).
(a) Major Alaskan earthquakes (M 8.0) occurred og 2@land August 6.
Sources of Raw DataWikipedia, Fujita andUSGS

An 18/56 year cycle appeared in the timing of early earthquakes. Of the 42 earthquakes listed 1802700
in Appendix 2, 19 showed up in the 18/56 year layout presentégppendix 4 (significant p < .01).

The extreme significance was achieved for the 11885 era, based on catalogs by Wikipedia, Fujita and

the USGS. The NGDC was sourced to produce another listing of 50 earthquakes between 1765 and 1885
(seeAppendix 5). Very high significance could agair bealized. Some 39 earthquakes appeared in the
same one half of the complete 9/56 year cycle as shoWable 1 (significant p < 10) (seeAppendix 6).

Earthquake Fatalities

TheUsSGSlisted 11 US earthquakes (ex Alaska) causing 30 or more deathpfserdix 7), of which 9

fell between Sequences 34 to 32 (Fable 3). This represented about 13% of the complete 9/56 year grid,

yet it accounted for 81% of the events causing 30 or cheaths. The anomalies were the 1946 Alaskan
tsunami that killed 165 people in Hawaii and the 1994 Northbridge event. The link was notable despite the
small sample. This pattern of US fatalities arises in part from the propensity for large Californian
earhiquakes (M => 6.9) to take place in Sequences 34, 43, 52 and 05 (eg: 1812, 1868 (Oct 21), 1906, 1989)
(McMinn, 2011a).

Table 3
EARTHQUAKES CAUSING OVER 30 FATALITIES IN THE USA (a)
Calendar Years
Sq Sq Sq Sq Sq Sq Sq
34 43 52 05 14 23 32
1803 1812 1821 1830 1839 1848
1208
1850 1859 1868 1877 1886 1895 1904
0403 0901
1868
1021
1906 1915 1924 1933 1942 1951 1960
0418 0311 0527
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1962 1971 1980 1989 1998 2007 2016
0209 1018
(a) Excludes Alaskan earthquakes.

Source of Raw DataUSGS

The USGSpresented a catalog of worldwide quakes causing considerable loss of life since 1900. The 39
events ausing 6000 or more deaths (gggendix 8) could not be correlated with a 9/56 year grid.
However, significance could still be produced based o12a/96 year trend containing 15 deadly quakes
(seeTable 4) (significant p < .01). This grid consistsofier val s of repeating 9,
on the horizontal and intervals of 56 years on the vertical.

Table 4
WORLD QUAKES CAUSING 6000 OR MORE DEATHS POST 1900
Year ending August 30

Sq 52 Sq 05 Sq 32 Sq 4l Sql2
1904 +9 1913 | +27 1940 | +9
1939
1226
1924 +9 1933 | +27 1960 +9 1969 | +27 1996 | +9
1923 0825 0229 1968
0901 0831
1980 +9 1989 | +27 2016
1988
1207
Continuedééé
Sq21 Sq 48 Sq 01 Sq 28 Sq 37
1900 +9 1909
0119
1908
1228
1920 +9 1929 +27 1956 | +9 1965
1949 | +27 1976 +9 1985 +27 | 2012 2021
0710 0204 0919
1948 1976
1005 0727
1976
0816
2005
2004
1226

Source of Raw DataUSGS

27,
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Discussion & Conclusions

Scientitic findings can onlgver be as good as the raw data upon which they were based. Unfortunately,
listings of 18" and 19" century world earthquakes were incomplete and prone to inaccuracies. To help
overcome such limitations, three reference sources were considéfiégpedia, Fujita andJSGS Only 9
earthquakes showed up in each of the three listings, which raised suspicions that none of the compilations
were very comprehensive. Between 1765 and 18824 events (M => 7.9) listed by Wikipedia, Fujita and
theUSGSoccurred in one half of the complete 9/56 year cycle (significant p°x E@r the same era, the
NGDC databasgielded some 50 major earthquakes (M => 7.9), of which 39 appeared in the identical
pattern (significant p < 1%). The correlates were extremely significant, which countered the poor quality of
the early seismic data. The strong emphasis on one hak abimplete 9/56 year cycle was applicable for
the 1765 to 1885 era only, as it did not persist into tfec2tury.

54/56 year grids could be firmly established in the timing 8¥@tury world mega quakes (M 8>7)

(McMinn, 2011b, 2012b). Grid A ifable 2 could be extrapolated back into thé"i#hd 19" centuries with
significance, but Grid B contained few early earthquakes. Such 54/56 year grids were important in patterns
of major world quakes over the paistee centuries.

McMinn (2011b) commented on Sequence 52, which experienced three early great quakes affecting
Cascadia (M 9.0 Jan 26, 1700), Lisbon (M 8.7 Nov 1, 1755) and Arica (M 9.0 Aug 26, 1868). Other pre
1900 mega events (M => 8.7) took place i274,71730, 1762, and 1833 (skppendix 2).

Sq 52 Event Record

1700 Great Cascadia quake Record for western USA (ex Alaska).
M 9.0. Jan 26, 1700

1756 Great Lisbon quake Record for Western Europe.
M 8.7. Nov 01, 1755
Katla volcano Equal F'rank eruption for Iceland
VEI5 Oct 17, 1755

1812 New Madrid quakes Records for eastern USA.

1868 Great Arica quake 19" century record for South America.
M 9.0 Aug 13, 1868

1924 Tokyo quake 3 rank Japanese quake for thd"2@ntury.
M 8.7. Sep 01, 1923

1980 Mt St Helens volcano Record US eruption (ex Alaska).
VEI 5. May 22, 1980.

Major earthquakes tended to fall in 9/56 year patterns and thus episodes with high death rates should also
show up in these layouts. It is a topic that needs further investigation before any conclusions can be drawn.
Two examples based on USGS data haemlpgesented in this paper, but more research was necessary.

The 9/56 year seismic cycle was believed to arise from Moon Sun tidal harmonics, which triggered seismic
activity. This topic has already been covered by McMinn (see Appendix 5, 201 1tauanalill not be

discussed here. Assessing earthquake activity over the centuries was important, as it helped to understand
how seismic cycles changed over very long time frames. Secular trends in Moon Sun cycles are
hypothesized to activate long term tisrin earthquake timing. Alas, nothing can be offered to support this
speculation and it remained another great unknown.

Acknowledgements The author wished to thank to editor Dong Choi and the reviewers for their input in the
publishing of this papert lvas most appreciated.
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Appendix 1
PRE 1900 MAJOR WORLD EARTHQUAKES (M => 7.9)
Wikipedia
Date Location
Jan 26, 1700 Cascadia 9.0
Dec 31, 1703 Kanto, Japan 8.2
Oct 28, 1707 Japan 8.6
Jul 08, 1730 Valparaiso, Chile 8.7
Oct 16, 1737 Kamchatka, Russia 8.3
Oct 28, 1746 Lima & Callao, Peru 8.6i 8.8
May 25, 1751 Concepcién, Chile 8.5
Nov 01, 1755 Lisbon, Portugal 8.7
Apr 02,1762 Northeastern Bay of Bengal up to 8.8
Oct 21, 1766 Saint Joseph, Trinidad and Tobago 7.9
Feb 10, 1797 Sumatra, Indonesia 8.4
Oct 26, 1802 Romania 7.9
Decl6, 1811 New Madrid, USA 8.1
Feb 07, 1812 New Madrid, USA 8.0
Jun 16, 1819 Gujurat, India 7.718.2
Nov 19, 1822 Valparaiso, Chile 8.5
Nov 25, 1833 Sumatra, Indonesia 8.89.2
Feb 20, 1835 Concepcion, Chile 8.5
Dec23 1854 Honshu, Japan 8.4
Dec 24 1854 Honshu, Japan 8.4
Jan 23, 1855 Wairarapa, New Zealand 8.0
Jan 09, 1857 Fort Tejon, California 7.9
Feb 16, 1861 Sumatra, Indonesia 8.5
Apr 03, 1868 Hawaii, USA 7.9
Aug 13, 1868 Arica, Chile 9.0
May 10, 1877 Iquique, Chile 8.8
Dec 31, 1881 Andaman & Nicobar Is, India 7.9
Oct 27, 1891 Mino-Owari, Japan 8.0
Jun 15, 1896 Offshore Sanriku, Japan 8.08.1
Jun 12, 1897 Assam, India 8.3
Sep 04, 1899 Alaska, USA 7.9
Sep 10, 1899 Alaska, USA 8.0
Events inredappeared in 9/56 year grid Trable 1
Sources Wikipedia. Historical Earthquakedl/ikipedia. Largest Earthquakes by Magnitude.
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Appendix 2
PRE 1900 WORLD EARTHQUAKES (M => 7.9)
Wikipedia, Fujita & USGS

Date UT M Location Wiki Fujita USGS
18990910 8.0 Alaska, USA Y Y
18990904 7.9 Alaska, USA Y Y
18970921 8.0 Philippines Y

18970612 8.3 Assam, India Y Y Y
18960615 8.5 Sanriku, Japan Y Y Y
18911027 8.0 Mino-Owari, Japan Y Y Y
18890711 8.3 Chilik, Kazakhstan Y

18811231 7.9 Andaman & Nicobar Is, India Y

18770510 8.3 Iquique, Chile Y Y Y
18680813 9.0 Arica, Chile Y Y Y
18680403 7.9 Hawaii, USA Y Y
18610216 8.5 Sumatra, Indonesia Y

18570109 7.9 Fort Tejon, California Y Y
18550123 8.0 Wellington, New Zealand Y Y
18541223 8.4 Honshu, Japan Y Y

18541224 8.4 Honshu, Japan Y Y

18430425 8.3 Kuriles Y

18430208 8.3 Leeward Is Y Y
18410517 8.4 Kamchatka Y

18350220 8.2 Concepcion, Chile Y Y
18331125 9.0 Sumatra, Indonesia Y

18221119 8.5 Valparaiso, Chile Y

18210710 8.2 Camana, Peru Y
18190616 8.3 Guijarat India Y Y Y
18120207 8.0 New Madrid, USA Y (@)
18111216 8.1 New Madrid, USA Y ()
18021026 7.9 Romania Y Y
17970204 8.3 Ecuador Y Y

17970210 8.4 Sumatra, Indonesia Y

17920822 8.4 Kamchatka Y

17870502 8.0 Puerto Rico Y
17661021 7.9 Trinidad & Tobago Y

17620402 8.8 | Bay of Bengal Y

17551101 8.7 Lisbon, Portugal Y Y Y
17510525 8.5 Concepcion, Chile Y Y

17461028 8.7 Lima, Peru Y Y
17371017 8.3 Kamchatka Y Y

17300708 8.7 | Valparaiso, Chile Y Y Y
17271118 8.7 Lima, Peru Y Y
17250201 8.2 Eastern Siberia, Russia Y

17071028 8.4 Tosa,Japan Y Y

17031231 8.2 Kanto, Japan Y Y

17000126 9.0 Cascadia Y Y Y

(a) The USGS gave lower magnitudes (M =< 7.8) for theses events and were not included in the apper
Events inredappeared in the 9/56 year gridTiable 1

Wikilpedia earthquakes were compiled from two listiiigdistorical Earthquakes and Largest Earthquakes
Magnitude,

Sources Wikipedia, Fujita and USGS.
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Appendix 3
9/56 YEAR GRID WITH FEW PRE 1900 QUAKES (M => 7.9)
Wikipedia, Fujita and USGS
Year ending September 30

Sq | S9 | Sq | S9 | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq
46 | 55 | 08 | 17 | 26 | 35 | 44 | 53 | 06 | 15 | 24 | 33 | 42 | 51

1701 | 1710 | 1719 | 1728 | 1737 | 1746 | 1755
1727
1118

1703 | 1712 | 1721 | 1730 | 1739 | 1748 | 1757 | 1766 | 1775 | 1784 | 1793 | 1802 | 1811
0708

1750 | 1759 | 1768 | 1777 | 1786 | 1795 | 1804 | 1813 | 1822 | 1831 | 1840 | 1849 | 1858 | 1867

1806 | 1815 | 1824 | 1833 | 1842 | 1851 | 1860 | 1869 | 1878 | 1887 | 1896 | 1905 | 1914 | 1923
0615

1862 | 1871 | 1880 | 1889 | 1898

Continuedéé. .

Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq
04 | 13 | 22 | 31 | 40 | 49 | 02 | 11 | 20 | 29 | 38 | 47 | 56 | 09

1704 | 1713
1703
1231
1706 | 1715 | 1724 | 1733 | 1742 | 1751 | 1760 | 1769
0525

1708 | 1717 | 1726 | 1735 | 1744 | 1753 | 1762 | 1771 | 1780 | 1789 | 1798 | 1807 | 1816 | 1825

1707 0402

1028

1764 | 1773 | 1782 | 1791 | 1800 | 1809 | 1818 | 1827 | 1836 | 1845 | 1854 | 1863 | 1872 | 1881

1820 | 1829 | 1838 | 1847 | 1856 | 1865 | 1874 | 1883 | 1892
1891
1027

1876 | 1885 | 1894

Events inredappeared in the Wikipedia listing.
Events inblue did not appear in the Wikipedia listing, but were listed by the USGS and/or Fuijita.
Sources of Raw DataWikipedia, Fujita and USGS.

Appendix 4
18/56 YEAR CYCLE: MAJOR WORLD EARTHQUAKES (M => 7.9) 170011899
Wikipedia, Fujita and USGS
Year ending September 30

Sq | S9 | Sq | Sq | Sq | Sq | Sq | Sq | Sq | Sq Sq | Sq9 | Sq | Sq
27 | 45 | 07 | 25 | 43 | 05 | 23 | 41 | 03 |21 39 | 01 | 19 | 37

1705 | 1723 | 1741

1707 | 1725 | 1743 | 1761 | 1779 | 1797

0203 0204
1797
0210
1709 | 1727 | 1745 | 1763 | 1781 | 1799 | 1817 | 1835 | 1853
0202
1711 | 1729 | 1747 | 1765 | 1783 | 1801 | 1819 | 1837 | 1855 | 1873 | 1891
1746 1800 | 0616 0125
1023 1122 1854
1223
1854
1224
1731 | 1749 | 1767 | 1785 | 1803 | 1821 | 1839 | 1857 | 1875 | 1893
1766 1802 | 0710 0109
1021 1026
1787 | 1805 | 1823 | 1841 | 1859 | 1877 | 1895
0502
1843 | 1861 | 1879 | 1897 | 1915
0216 0612
1897

0921
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1899
0904
1899
0910

Events inredappeared in the Wikipedia listing Appendix 1.
Events inblue did not appear in the Wikipedia listing, but were listed by the USGS and/or Fujipandix 2.
Sources of Raw DataWikipedia, Fujita and USGS.

Appendix 5
MAJOR WORLD EARTHQUAKES (M => 7.9) 1765 1885
National Geophysical Data Center
YYYY MM DD Location M
1784 5 13 PERU: AREQUIPA,CAMANA 8.0
1787 3 28 MEXICO: SAN MARCOS, OAXACA 8.3
1788 7 21 ALASKA PENINSULA: UNGA ISLAND 8.0
1788 8 6 ALASKA PENINSULA 8.0
1792 8 22 RUSSIA: NEARKAMCHATKA 8.4
1793 2 17 JAPAN: SANRIKU, RIKUZEN, RIKUCHU 8.3
1797 2 4 ECUADOR: RIOBAMBA 8.3
1797 2 10 SW. SUMATRA 8.0
1811 12 16 ARKANSAS: NORTHEAST 8.5
1811 12 16 ARKANSAS: NORTHEAST 8.0
1812 1 23 MISSOURI: NEW MADRID 8.4
1812 2 7 MISSOURI: NEWMADRID 8.8
1812 3 8 CHINA: XINJIANG 8.0
1817 3 11 FRANCE: CHAMONIX VALLEY 8.0
1818 11 8 INDONESIA: SUMBAWA ISLAND: BIMA 8.5
1819 4 3 CHILE: COPIAPO 8.0
1819 4 4 CHILE: COPIAPO 8.0
1819 4 12 CHILE: COPIAPO 8.5
1822 11 20 CHILE: VALPARAISO 8.5
1826 6 18 COLOMBIA: ENGATIVA, BOGOTA 8.2
1826 (a) NEW ZEALAND: FJORDLAND 8.0
1828 3 30 PERU: LIMA, CALLAO 8.3
1833 8 26 NEPAL: KATHMANDU; INDIA: BIHAR 8.0
1833 9 6 CHINA: YUNNAN PROVINCE 8.0
1833 11 24 INDONESIA: SUMATRA: BENGKULU 8.3
1835 2 20 CHILE: CONCEPCION 8.2
1837 11 7 CHILE: VALDIVIA 8.5
1841 5 17 RUSSIA: OFF KAMCHATKA 8.4
1842 5 7 HAITI: CAP-HAITIEN 8.1
1843 2 8 GUADELOUPE: POINTEA-PITRE 8.3
1843 4 25 JAPAN: HOKKAIDO: YEZO, KUSHIRO 8.4
1845 4 7 MEXICO: MEXICO CITY 8.0
1852 11 25 INDONESIA: MALUKU: BANDANAIRA 8.3
1854 12 23 JAPAN: ENSHUNADA SEA 8.3
1854 12 24 JAPAN: NANKAIDO 8.4
1855 1 23 NEW ZEALAND: WELLINGTON 8.0
1855 7 25 SWITZERLAND: HAUT-VALAIS 8.5
1856 8 23 JAPAN: OSHIMA 8.0
1857 1 9 CALIFORNIA: FORT TEJON 8.3
1857 4 17 BISMARCK SEA 8.0
1861 2 16 INDONESIA: LAGUNDI, SIMUK, TELLO 8.5
1865 11 18 TONGA ISLANDS 8.0
1867 2 4 GREECE: CEPHALONIA 7.9
1868 4 3 HAWAII: SE OF 7.9
1868 8 13 CHILE: ARICA 8.5
1868 8 15 ECUADOR: EL ANGEL, CONCEPCION 8.0
1870 5 11 MEXICO: OAXACA 7.9
1873 (@) MACLAY COAST 8.0
1875 3 28 NEW CALEDONIA: LOYALTY ISLANDS 8.0




New Concepts in Gloal Tectonics Newsletter, no. 65, Decem2é12. www.ncgt.org

1877 5 10 CHILE: OFF NORTH COAST 8.3
1878 1 23 CHILE: TARAPACA 7.9
1878 2 11 VANUATU ISLANDS 8.0
1879 7 1 CHINA: GANSU PROVINCE 8.0
1881 12 31 INDIA: ANDAMAN & NICOBAR ISLANDS 7.9
1882 9 7 PANAMA: SAN BLAS ARCHIPELAGO 8.3

(a) The 1826 New Zealand and 1873 Maclay Coast quakes were not included in the assessmen
date was given for these everifshey occurred in the 9 months to September 30, then they would

appeared il\ppendix 6.
Events highlighted imed fall in the 9/56 year grid as presentedable 1& Appendix 6.
Source National Geophysical Data Center. Database parametersi 1800. M => 7.9

Appendix 6
THE 9/56 YEAR CYCLE: MAJOR WORLD EARTHQUAKES (M =>7.9) 1765 i 1885
National Geophysical Data Center

Year ending September 30

Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq
18 27 36 45 54 07 16 25 34 43 52 05 14 23
1765 | 1774 | 1783
1767 | 1776 | 1785 | 1794 | 1803 | 1812 | 1828 | 1830 | 1839
0123 | 0328
1812
0207
1812
0308
1811
1216
1778 | 1787 | 1796 | 1805 | 1814 | 1823 | 1832 | 1841 | 1850 | 1859 | 1868 | 1877 | 1886
0328 1822 0517 0403 | 0510
1120 1868
0813
1868
0815
1834 | 1843 | 1852 | 1861 | 1870 | 1879
1833 | 0208 0216 | 0511 | 0701
1125 | 1843
0425
Continuedéé. .
Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq Sq
32 41 50 03 12 21 30 39 48 01 10 19 28 37
1741
1770 | 1779 | 1788 | 1797
0721 | 0204
1788 | 1797
0806 | 0210
1763 | 1772 | 1781 | 1790 | 1799 | 1808 | 1817 | 1826 | 1835 | 1844 | 1853
0129 0311 | 0618 | 0202 1852
1125
1792 | 1801 | 1810 | 1819 | 1828 | 1837 | 1846 | 1855 | 1864 | 1873 | 1882
0822 0403 | 0330 0125 0907
1819 1855 1881
0412 0725 1231
1819 1854
1108 1223
1854
1224
1848 | 1857 | 1866 | 1875 | 1884
0109 | 1865 | 0328
1857 | 1118
0417

Events inredappeared in the NGDC listing of 174885 world earthquakes &ppendix 5.

Source of Raw Data National Geophysical Data Center. Database parametersi 18901700 . M => 7.9
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Appendix 7

EARTHQUAKES CAUSING 30 OR MORE DEATHS IN THE USA

Date Location Fatalities
1812 12 08 San Juan Capistrano, CA 40
1868 04 03 Hawaiian Island, HI 77
1868 10 21 Hayward Fault, CA 30
1886 09 01 Charleston, SC 60
1906 04 18 San Francisco, CA 3000
1933 0311 Long Beach, CA 110
1946 04 01 Hawaii, HI (a) 165
1960 05 22 Hawaii, HI (a) 61
1971 02 09 San Fernando, CA 65
1989 10 18 Santa Cruz County, CA 63
1994 01 17 Northbridge, CA 60

(a) Deaths caused by tsunamis originating from Alaska in 1946 andiiChBéO0.

The table does not include Alaskan earthquakes.
Earthquakes inedappeared in the 9/56 year gridTiable 3.
Source USGS

Appendix 8

POST 1900 WORLD EARTHQUAKES CAUSING DEATHS OF 6000 OR MORE

Year ending August 30

Date UTC Location Deaths Magnitude
2010/01/12 Haiti 316000 7.0
1976/07/27 Tangshan, China 242769 7.5
2004/12/26 Sumatra 227898 9.1
1920/12/16 Ningxia, China 200000 7.8
1923/09/01 Kanto, Japan 142800 7.9
1948/10/05 Turkmenistan 110000 7.3
2008/05/12 Eastern Sichuan, China 87587 7.9
2005/10/08 Pakistan 86000 7.6
1908/12/28 Messina, Italy 72000 7.2
1970/05/31 Chimbote, Peru 70000 7.9
1990/06/20 Western Iran 50000 7.4
1927/05/22 Gulang & Gansu, China 40900 7.6
1939/12/26 Erzincan, Turkey 32700 7.8
1915/01/13 Avezzano, Italy 32610 7.0
2003/12/26 Southeastern Iran 31000 6.6
1935/05/30 Quetta, Pakistan (Baluchistan, India) 30000 7.6
1939/01/25 Chillan, Chile 28000 7.8
1988/12/07 Spitak, Armenia 25000 6.8
1976/02/04 Guatemala 23000 7.5
2011/03/11 Japan 20896 9.0
2001/01/26 Gujarat, India 20085 7.6
1974/05/10 China 20000 6.8
1905/04/04 Kangra, India 19000 7.5
1999/08/17 Turkey 17118 7.6
1960/02/29 Agadir, Morocco 15000 5.7
1978/09/16 Iran 15000 7.8
1962/09/01 Qazvin, Iran 12225 7.1
1907/10/21 Tajikistan, Turkestan 12000 8.0
1949/07/10 Khait, Tajikistan 12000 7.5
1968/08/31 Dashte Bayaz, Iran 12000 7.3
1934/01/15 India-Nepal border 10700 8.1
1931/08/10 Fuyun & Koktokay, China 10000 8.0
1970/01/04 Yunnan Province, China 10000 7.5
1993/09/29 Latur-Killari, India 9748 6.2
1985/09/19 Mexico, Michoacan 9500 8.0
1933/08/25 Sichuan , China 9300 7.5
1944/01/15 San Juan, Argentina 8000 7.4
1976/08/16 Mindanao, Philippines 8000 7.9
1909/01/23 Silakhor, Iran 6000 7.3

Events inredappeared in the-27/56 year grid presented Trable 4.

Source USGS
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CAN IMF AND THE ELECTROMAGNETIC COUPLING BETWEEN THE
SUN AND THE EARTH CAUSE POTENTIALLY DESTRUCTIVE
EARTHQUAKES?

Valentino STRASER
vstraser@ievpc.org
Parma, Italy

ABSTRACT: Trends in the Interplanetary Magnetic FiélliF), detected by GOES satellites 13 and 15, show some
recurrences in the graph, as a characteristii+' 0" shape
The study, initiated in 2009 by LTPA Project, which took into account more than 1,500 pieces of data, identified
characteristic configurations in the form of graphs of the IMF, referring to potentially destructive earthquakes that

occurred on a glolbacale. The recurrent anomalies in the GOES graphs precede an earthquake of magnitude M6+, 5

hours before & occurrence. The tiag of 8 minute® r mul t i pl es thereof, calcul ated
the earthquake, has allowed us to hypaditeean "electromagnetic coupling" between the Sun and the Earth, in the light

of the theory of the "Flux Transfer Evenploposed byavid Sibeck. According to this hypothesis, this

electromagnetic coupling might be able to alter the delicate balan@npirsocks under tectonic stress and cause
earthquakes. Due to the recurrence of the event, in the
the method aims to provide a contribution to the interdisciplinary study of seismic preairaaglobal character,

since a potentially destructive earthquake affects the entire Earth System.

Keywords: Interplanetary Magnetic Field, electromagnetic coupling between the Sun and the Earth, global seismic
precursors, potentially destructive eartrakes, flux transfer event.

INTRODUCTION

he research into seismic precursors hanted studies in recent yeansvarious fields of investigation

to counter in advance the tragic effects caused by strong earthquakes. Earthquakes, in faoplgre the
natural disasters that do not directly cause the death of people, which are caused by the collapse of buildings
or infrastructure. Among the possible elements of analysis cosmic events have been investigated and, in
particular, the interaction of tHaterplanetary Magnetic Field and the flow of charged particles from the
Sun (Kalinin, 2009; Khazaradze et al., 2007; Zatopek et al., E®igbothers).

The analysis of the Interplanetary Magnetic Field, seen in relation to potentially destructive &adlujua
magnitude M5.5+ and more usually M6+, was recently verified by the disastrous Japanese earthquake of 11
March 2011 (Straser, 2011a) and the outcome of this study was presented at Kanyakumari in 2011, at the
EDPD Conference (Straser, 2011b). The aedeis based on two assumptions: first that there exists a
gravitational and electromagnetic coupling of the Sun with the Earth and the other, on the concept of
“circular time", that is, of natural phenomena that occur periodically on a planetary stake temporal
recurrence that is calculable and instrumentally detectable. The investigation was divided into two phases.
Firstly, observation of data from satellites (GOES 13 and 15) to investigate possible recurrences in the
pattern of IMF graphs befoearthquakes of magnitude M6+, from several hours to a few minutes before the
triggering of earthquakekig. 1 shows, by way of example, the trend of the IMF and the moment when

there were two earthquakes of M7.8 and M7.6 that occurred in the Kermatet Retgion on July 6, 2011.

In analyzing 24/7 data sent from the GOES satellites 13 and 15 by the LTPA Project team, from 2009 until
the summer of 2012, it was noted that the IMF graph undergoes a slight deformation before strong
earthquakes on a globalase, drawing in the trace the characteristic letter F&jJ.(2), named in this work

with the Greek letter "0" (Straser, 2011b) . Mor e f
March 31, 2011, there was a variation fromT2to 5nT as a lg between the initial and final values of the

curve; the latter values being present in most of the cases studied.

The IMF graph also shows other similarities in the-uprto earthquakes of magnitude M5+, and more
commonly M6+, as you can see, for example, in the seismic sequence from 22 to 24 Augubt 2011.
three cases analyzed, we can identify some recurreincagdition to the aforementioned hook in the form
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Fig4.Recurrence of the " (ihthd@IES I3andas satellite trace In thia casehthe gragh e
refers to the earthquake that occurred in the Fiji Islands on JuB029, with a magnitude of MB., indicated by the
green line on the graph.

Methods and data
The method used in this staonsists in comparing data, recorded 24/7, on variations in the IMF and, in
particul ar, in | dentlosétgpthexZynTvalu¢ shapes in the trace

Satellites
Data from satellite tracking system (Orbitron) are as follows:
(http://www.swpc.noaa.gdData/ GOEShtml)

GOES 13 (Primary): orbiting at 35,88&n; Long 74.5403° W; Lat 0.3317° S; Azim 272.3°; Ei&80.7°;
RA 12 h 26 m 24 s; Decl7° 07' 04".

GOES 15 (Secondary): orbiting at 35,782 km; Long 88.9147° W; Lat 0.0344° N, Azim 284.2°1 &I&Y;
RA 11 h 29 m 43 s; Decl6® 37' 18".

DISCUSSION
The investigation focused, in particul amthet he appe
Interplanetary Magnetic Field graph before potentially destructive earthquakbe.graph ofig. 5, the

n o n

u can be represented, schematically, in five dis
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Fig.5.Schematic di agr am teiGOESH®and 15 aapekite tace that précédes an earthquake. The

G" is presented in a schematic way with an initial ene
and a slope, until reaching a final energy level.

It starts with a initial energy level, which is followed by a reduction in intensity until it reaches a

minimum level, at which point the chart returns to climbing until reaching a final energy level. The

difference between the initial and the final value is normallwbeh 2nT and 51T. A second parameter
considered in this study is the time | ag between t
To proceed with the study earthquakes on a global scale were taken into account, of magnitude M6+ from

14 September 2011 to 9 January 20Elg 6), with the support of Gabriel and Daniel Cataldkig. 6

shows the recurremmterval of 8 minute®r multiples thereof, between the crest of the IMF (the curve at

the earthquake) and the earthquake itself. Thishar@sm can be interpreted as a magnetic connection

between the Sun and the Eaiththe light of the study b$ibeck (Phillips, 2008).

The magnetic connection, according to Dr. David Sibeck of the Goddard Space Flight Center, author of a
study publishd in 2008, is not continuous, is often brief, sudden and very dynamic. Every eight minutes,
approximately, the two fields merge or "reconnect" briefly, forming a portal through which the particles
flow. The portal takes the form of a magnetic cylinder atas wide as the Earth. The mechanism is known
as "flux transfer event" or FTEvery 8 minutes, therefore, on any magnetic connection, stress is created
until reaching the "effective" one associated with earthquakes.

How can FTEs trigger earthquakes?

If we imagine the lines of the Earth's magnetic field as a sum of local magneticFigldg) (generated, for
example, by ferromagnetic materials transported by the flows in ascending slope, arranged randomly, by
effect of terrestrial degassing, then thection the IMF can be added to or subtracted from the lines of
force of the magnetic field and its resulting value, i.e. the one that emerges from underground. This
mechanism is assumed to induce variations of stress in a rock close to its breaking load
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Magnetic
Magnetic Magnetic variation (pT/min)
Interval {(minute) variation (nT) wvariazion (nT/min) of IMF between
UTC  Magnitude from ltalic-S peak from Htalic-S from Htalic-S Italic-S peak
Location Date Time (Mw) toearthquake  peakto earthquake  peak to earthquake Depth (Km) and Earthquake Deph (Kmi10)

Aleutian Islands 14/09/2011  18:10:07 6,1 16 2,6 0,1625 1 162,5 0,1
Jujuy, Argentina 06/10/2011  11:12:29 6,2 32 2,08 0,065 9,5 65 0,95
Banda Sea 30/09/2011 06:57:41 6,8 16 0,52 0,65 465 650 46,5
Canada 09/09/2011  19:41:35 6,7 16 10,4 0,65 25,9 650 2,59
Honshu, Japan 16/09/2011  19:26:42 6,6 32 1,04 0,0325 36,3 32,5 3,63
Bali, Indonesia 13/10/2011  03:16:30 6,1 8 0,52 0,065 35,1 65 3,51
Fiji Region 15/09/2011  19:31:03 73 32 4,68 0,14625 626,1 146,25 62,61
Kermadec Islands 06/07/2011 19:03:16 7,8 16 3,12 0,195 125 195 12,5
Kermadec Islands 06/07/2011 19:22:10 7,6 32 1,56 0,04875 20 48,75 2
Kermadec Islands 07/10/2011 08:58:30 6,5 16 9,36 0,585 34,6 585 3,46
Hokkaido, Japan 21/10/2011 08:02:38 6,1 8 0,52 0,065 185 65 18,5
Kermadec Islands 21/10/2011 17:57:18 74 56 1,04 0,018571429 32,9 18,57142857 3,29
Papua N.G. 14/10/2011 03:35:15 6,7 8 0,52 0,065 45,4 65 4,54
Papua N.G. 18/10/2011  05:05:06 6 56 8,32 0,148571429 21 148,5714286 2,1
Pert 24/08/2011 17:46:12 7 8 0,52 0,065 145,1 65 14,51
Peru 28/10/2011 18:54:34 6,9 24 2,08 0,086666667 239 86,66666667 2,39
Russia 14/10/2011  06:10:15 6,1 8 0,52 0,065 15,3 65 1,53
Sandwich Islands 03/09/2011 04:49:01 6,2 16 22,88 1,43 106 1430 10,6
Est Turkey 23/10/2011 10:41:21 7.2 8 0,52 0,065 20 65 2
Est Turkey 23/10/2011  20:45:37 6 32 2,6 0,08125 9,8 81,25 0,98
Vanuatu 03/09/2011  22:55:36 7 8 0,52 0,065 132,4 65 13,24
Vanuatu 04/09/2011 21:44:21 6,1 32 4,68 0,14625 59,4 146,25 5,94
Vanuatu 20/08/2011  16:55:03 71 48 2,6 0,054166667 40,6 54,16666667 4,06
Vanuatu 20/08/2011  18:19:25 7 56 2,6 0,046428571 28,5 46,42857143 2,85
Honshu, Japan 11/03/2011 05:46:24 89 24 2,6 0,108333333 29 108,3333333 29
Pacific 02/11/2011  14:59:26 6,2 48 2,6 0,054166667 11 54,16666667 0,11
Revilla Gigedo Islands 01/11/2011  12:32:00 6,3 24 1,04 0,043333333 5 43,33333333 0,5
Taiwan 08/11/2011  02:59:07 6,9 16 572 0,3575 209,5 357,5 20,95
Bolivia 22/11/2011 18:48:15 6,2 8 1,56 0,195 533,3 195 53,33
New Zeland 18/11/2011 07:51:27 6 8 1,04 0,13 26,8 130 2,68
Honshu, Japan 23/11/2011 19:24:32 6,1 8 2,08 0,26 333 260 3,33
Hokkaido, Japan 24/11/2011  10:25:35 6,2 16 3,12 0,195 42,3 195 4,23
Atacama, Chile 07/12/2011  22:23:09 6,1 32 1,56 0,04875 15,6 48,75 1,56
Mexico 11/12/2011 01:47:26 6,5 48 8,84 0,184166667 64,9 184,1666667 6,49
Sandwich Islands 11/12/2011 09:54:55 6,2 88 1,04 0,011818182 115,5 11,81818182 11,55
Sulawesi 13/12/2011  7:52:12 6,1 16 0,52 0,0325 160,9 32,5 16,09
Papua N.G. 14/12/2011  05:04:57 71 16 1,04 0,065 121,2 65 12,12
Kermadec Islands 15/12/2011 10:10:08 6,3 32 3,12 0,0975 34,1 97,5 3,41
Russia 27/12/2011  15:21:56 6,6 6,9 0,69
Izu, Japan 01/01/2012 05:27:55 6,8 112 4,16 0,037142857 348,5 37,14285714 34,85
Santa Cruz Islands 09/01/2012 04:07:17 6,6 80 16,64 0,208 389 208 3,89
Figu6.The time interval bet ween the crest of the "0a" and

generally, with multiple intervals of eight minutes, as can be seen, for example, in the earthquakes of magnitude M> 6
occurred on global scale, between 14 September 2011 and 9 January 2012.

Fig.7.Li nes of t he Earthdéds magnetic field, hypot hesi zed
ferromagnetic materials transported by the flows in ascending slwpagad randomly, and due to terrestrial
degassig.
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A key element in this hypothesis is the polarity of the IMF. The analysis is based on the earthquakes
recorded by USGS, of M5+, in the months of March and April 2012. It can be noted that most of the
earhquakes occurred with the negative polarity of the IMF, i.e. the Southward Interplanetary Field. The
peak (IMF with positive polarity) refers to the earthquake that occurred on April 11, 2012 in Sumatra with a
magnitude of M8.9Kig. 8).

However, in addibn to a hypothesized interaction of a electromagnetic character between the Sun and

Earth, a gravitational relationship between the Earth and the Sun cannot be excluded, since their distance of
about 8 light minutes, a time that corresponds precisehetoainge that elapses between the crest of the

IMF and the earthquake.

Correlation between IMF polarity (N/S) and earthquakes with magitude (Mw) 5,5+

e |

Inferplanetary Field Southward

1Nonh FAR
Solor }4
f

B

Northward
F|
2

Interplanetary Field Northword

Magnitude (Mw)

Sputhward
Y
q

55 499

Time

Earthquakes data: March 2012 - April 2012, USGS
mm |MF Polarity ~ ==Earthquakes IMF Polarity data: NOAA/GOES
Fig. 8.Polarity of the IMF. The analysis is based on the earthquakes recorded by USGS, of M5+, in the months of
March and April 2012. It can be noted that most of the earthqueakesred with negative polarity of the IMF, i.e. the

Southward Interplanetary Field. The peak (IMF with positive polarity) refers to the earthquake that occurred on April
11, 2012 in Sumatra with a magnitude of M8.9.

CONCLUSIONS
The method of investigatn imposes as a limit that of not specifying the future epicentral area of the
earthquake, with a good approximation, the time | a

the earthquake, generally with a magnitude of M6+. It has been cendludt hat t he appear anc
the IMF graph represents the beginning of the disruption, gravitational or electromagnetic in nature, which
precedes an dé@iquake, at time intervals of 8 minut@sits multiples. This method of investigation is pdrt o

the global seismic precursors (Straser, 2011b), since a potentially destructive earthquake is an event of

global significance for our planet. The method cannot provide, by itself, a 100% reliable forecast and, for

this reason, lends itself as an elemarinvestigation for an interdisciplinary study aimed at analyzing

seismic precursors. Given the pioneering phase of the method, application of the study requires some caution
in the analytical phase for the investigation of precursory signals of anusskthq
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INTERVALS OF PULSATION OF DIMINISHING PERIODS
AND RADIO ANOMALIES FOUND BEFORE
THE OCCURRENCE OF M6+ EARTHQUAKES

Valentino STRASER
vstraser@ievpc.org
Parmataly

ABSTRACT: From spectral analysis of more than 350 earthquakes, it was noted that the micro pulsations and the
radio interference detected, respectively, at a value ofrf6&band in the range between 0.1 and 20Hz, precede by a

few hours the occurrence of M6+ eanlafes. This analysis was performed instrumentally 24/7, starting from 2009, at
the LTPA Project station in Rome (Italy). The amount of data collected, with more than 1,900 earthquakes studied,
especially those relating to potentially destructive earthqualteh as the violent earthquake in Japan of 2011 or that of
Sumatra in 2012, confirmed that the geomagnetic micro pulsations are associated, especially for earthquakes of
magnitude M6+, with the ruap to an earthquake. The Intervals of Pulsations of mghing Periods and radio

anomalies are simultaneous with an increase in the geomagnetic background which, based on experience, come in four
different types, ranging from 15 to 2 hours before the main shock. The point of convergence of these four, variables
IPDP, PC1, Radio Interference and earthquakes consists in the dynamics of the fault, a progressive decrease in grain
size of the lithongfracturebounded particlesand fluid circulation in the period preceding the earthquake.

Keywords:radio anomalies, PC1, IPDP, earthquakes, global seismic precursors.
(Note: This paper was presented at the 34 IGC, Bristzie)

Introduction

I n nature no earthquake is ever the same as another one. There are, however, recurrent signals and
anomalies that prece@arthquakes which can be defined as "Global Seismic Precursors", instrumentally

detectable and comparable via monitoring stations located in different parts of the Earth. The possibility that

rocks placed under tectonic stress indicate their conditiomiityirey electromagnetic signals before a

strong earthquake is a concept by now well established in the scientific comniatttyrii 2004 ;Fraser

Smith et al., 1990; Hayakawa et al., 2007).

Global Seismic Precursors (Straser, 2011a and 2011b) differtfagiitional ones because they do not

manifest in the site where the earthquake will actually occur, but indicate the imminence of an earthquake on
a global scale, generally measuring M6+, without specifying the epicentre area and the exact magnitude.
Canddate precursors presented in this study are based on two assumptions:

a) rocks placed under stress emit electromagnetic signals;
b) there is an electromagnetic coupling between the Sun and the Earth.

The first type of " G| ob alayskefiralieanomali€ywheraas, theosecenli ¢ o me
comes from analysis of Intervad$ Pulsations of Diminishing Periods (IPDB)pth the radio interference

and the IPDP are detectable by monitoring stations, 24/7, in this case in Rome (Italy), by the LjEBA Pro

and analyzable on special spectrograhig.(1).

Intervals of Pulsations of Diminishing Periods (IPDP) are micro pulsations observed at high latitudes in the
frequency below 1Hz, generally between 0.1 and 0.6tz @). At lower latitudes, howevethey are

observed with values of just a few Hz. In Italy, the location for their deteistioptimal since it is halfway
between the equator and the pole; normally at values of 665 mHz (0.65 Hz).

Radio-anomalies
The radio anomaly is an unknown radio ssin that has no characteristics (duration, extension, intensity,
etc.) compatible with:
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the classification by IAGA (International Association of Geomagnetism and Aeronomy) of
geomagnetic pulsations;

emissions of an anthropic type

known natural emissior(&Vhistler, Chorus, lightning, electrophonic meteoric sounds,
plasma, etc..).

valds 10048 .50 9

Increase of electromagnetic background

ELF Storm
)

ELF Storm

0.1 1 10 100 1 10 10 1 10
pT pT pT pT nT nT nT uT uT

Fig.1. Signals detectable with the Spectrum Lab at the LTPA station in Rome, in the various frequency bands: Pcl,
Pc3, elf storm, radi@anomalies, IDPD and increases in ggmagnetic background (Courtesy of Gabriele Cataldi).
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IPDP: Pulsations Intervals of Diminishing Periods (Pearls)

S 22
Fig. 2. Example of Intervals of Pulsation o
0.65Hz, which overlap the increase in geomagnetic background

For this reason, sindeadio anomalies are not related to known phenomena they were considered in this
study as candidate seismic precursors. After experience gained in the field, the concept of "radio anomaly" is
now identified with an increase in the geomagnetic backgroundsthat listed in the IAGA classification

of geomagnetic pulsations. In the early stages of the experiments, however, trencadadies were

considered simply as narlassifiable IAGA emissions.

Most of the radio anomalies are observed below 32 Hzgamgrally, between 0.1 and 20 Hz and occur in
association with an intenggcrease in the geomagnetic background that precedes the occurrence of a
seismic event. From an instrumental point of view, the increase in electromagnetic background is easily
identifiable in the frequency band from 0 to 198 (Fig. J).
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Cecchina, Albano Laziale (RM) - Lat 41°41'4,27''N, Long: 12°38'33,60''E .

Date= 2011-12-27 Time= 20:01:21 Freg= 0...0.5 Hz Resolution = 2 mHz _m»
S0

Type of antenna: axial (Bz) induction coil | Copyright: Gabriele Cataldifg50dBm 0

Increase of electromagnetic
background

yIIow Iin andeafdame (red)
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Fig. 3. Increased geomagnetic background that is highlighted by the ver
prior to the occurrence of earthquakes.

Radio anomalies, IDPD and Pafkre detected instrumentally before earthquakes with a magnitude greater
than M6+ Fig. 4) and, for this reason, it has been assumedhkegtmay have a relationship with the tum

to earthquakes.
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[Date=2012-06-12 Time=07:52Freq= 0...1 Hz

@ 2012 Gabriele Cataldi - Absolute Resoluticn: 1,3 mHz Ttalia 4.3
Radio Emissions Project - Relative Resclution: 1,3 mHz

ST2 - Cecchina - Albano Laziale (RM) - Lat 41°41'4,27''N 2 8'33,60°"

==_% — & i == ,
Fig. 4. The figure shows the appearance of IPDP lfiours before the earthquake in the Emilian Po Valley (ltaly June
6, 2012, indicated by the abbreviation EQ. In the same spectrum of notes the increase in geomagnetic background

(yellow vertical lines) and the radenomalies in the low frequency band@u (Courtesy Gabriele Cataldi).

. = S

Some considerations on radio anomalies and Pcl

1- The intensity of the signal detected by the instrumenis equal to or greater than 100 nT.

In fact, the 100 nT value is equivalent to the intensity of electromagatidion in homes in the

countryside generated by the 50 Hz (220 V) power of domestic dwellings. According to some studies, radio
signals in the ELF band with an intensity of about 60nT have been observed to appear before earthquakes.
Signals of at leastOONnT, therefore, reduce even more drastically the number of signals "related" to a
probable preseismic nature.

Most radio anomalies are observed below 32 Hz (generally between 0.1 and 20 Hz) and, given their
intensity, are not absolutely compatiléh emitters of a magnetospheric type since, between 0.1 and 20
Hz, emitters would require a maximum intensity of 3 nT.

According to the IAGA classification of geomagnetic pulsations, the 1nT value corresponds to a frequency
between 0.2 and 5 Hz; 3nT adrequency between 0.1 and 0.2Hz and 10nT to between 22 mHz and 0.1 Hz
Higher magnetic intensity can be observed only at frequencies less than 22 mHz. The decision not to
monitor such low frequencies was dictated by the outcome of experiments cariiiedecent years, which

have always confirmed the validity of the signals above 0.1Hz up to a maximum of about 45 Hz.

Instead, “irregular geomagnetic pulsations" may appear between 25 mHz and 1 Hz to a maximum intensity
of 10nT, which is, also in this case datum incompatible with the radio interference values.

As for Schumann's resonance, which has been observed at: 8, 14.1, 20.3, 26.4, 32.5 Hz, and so on ... the
radio signal of these resonance harmonics has an extremely low intensity: 1.8 picoTas|abstiin this
case, is incompatible with the detection of radio interference.
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2 - frequency: The only emissions known in the ELF and SLF bands are of the magnetospheric and Alfven
type. To be precise, between 0.1 and 10 Hz, it is possible to oleseissions related to the Alfven cavity,

and this type of emission falls within the range of frequencies where radio interference appears. In addition,
the background emission that is usually detected during the surveys originates from 0.1 Hz

3 - bandwidth: this is extremely wide compared to the bandwidth of the geomagnetic pulsations, except
for Pc1, which have an extension of about 5 Hz. But in this latter case the intensity of the geomagnetic
pulsation assumes a value of 1 nT, which represents a mweh Value of the signals detected between 5
and 0.2 Hz

4 - harmonic resonance:unlike anthropietype emissions, radio anomalies do not have resonance
harmonics.

5- trend: anomalies appear to be affected in a manner directly proportional t@astiaty and in many
cases appear before major earthquakes, usually with a magnitude of M6+.

A clarification: EPS and geomagnetic pulsations are not the same thing

Both are found in the same frequency band, since geomagnetic pulsations are theselsultofivity on

the magnetosphere and these interactions generate emissions that have a very low frequency. Instead, EPS
are emissions that may have a very broad spectrum, but only the emissions that fall below 5 Hz have such a
high intensity and a fregucy as to be able to permeate the planetary body and be observed everywhere.
Furthermore, some of these emissions can create disturbances in the Alfven cavity and generate alterations
in geomagnetic pulsations, which can also be observed using coil amtenn

Methods and data

The method used in this study consists in comparing data, recorded 24/7, on variations in IMF and, in
particular, in identifyi n-gnTiwalue, wishitha gopearancenof radioe t r ac e
interference as recordéy LPTA instruments at a monitoring station near Rome.

The LPTA station is equipped with a NASA INSPIRE VLF3 frequency data collector ane>aatri
magnetometer which are interfaced with a computer that records data 24/7

Instruments used

a) Spectrograms

The spectrograms obtained by the station were recorded every 10 minutes; i.e. 1 horizontal line every
1,600 milliseconds. The data of the Spectrum Lab setting are as follows:

Effect of FFT settings with fs = 44.1000 kHz:
Width of one FFTbin: 21.0285 mHz

Equiv. noise bandwidth: 28.5988 mHz

Max freq range: 0.00000 Hz t01.37813 kHz
FFT window time: 47.554 s

Overlap from scroll interval: 96.6 %

Discussion and conclusions

IPDP and Pcl were considered in this study after finding an inversemstdapavith the tefyear pattern of
sunspots. And, for the largest earthquakes, it was noted that the IPDP, several hours earlier, precede,
accompany and follow an increase in the geomagnetic background aadttigpuake itselfig. 4). Data

on the invers relationship between solar activity patterns, the PC1 and the IPDP come from the Sodankyla
observatory recorded between 19&lby Kangas and colleagudsds. 5 and 6.
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BoththePC1 andheIPDP pulsationsre waves that are amplifiéd the plasmasphere and plasmapause,
and indicate si gn splasnfaNarnmabynheRrCd appeaar atteheemagnatic stomidjles

IPDP are intimately associated with sstiorm activityin themagnetospherealthough there is no lack of
interpretations that associate Pcl to potentially destructive earthquakes (Bortnik et al., 2008; Guglielmi et
al., 2010). Also the frequency of earthquakes over the last 11 years follows the IDPD pattern in relation to
the number of sunspotBify. 7) as desdbed by Choi andMaslov (2010).

Given the parallelism between IDPD and Pcl, sunspot patterns and the number of earthquakes on a global
scale, they were considered in this study as candidate seismic precursors.
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Fig. 5. Comparison of IDPD (shaded broemlumns) and the solar cycle pattern (green line), measured from 1973 to
1995 at the observatory of Sodankyla by Kangas et al. (1999).
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Fig. 6. Comparison of Pcl (shaded brown columns) and the solar cycle pattern (green line), measured from 1973 to
1995 at the observatory in Sodankyla by Kangas et al. (1999).
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Fig. 7. Diagram of solar activity patterns (black line) with respect to the number of earthquakes on a global scale (green

line), in the hypothesis of Choi aMhslov (2010).

From experiencgained sinc009the radio anomalies associated with increases in the geomagnetic
background prior to earthquakes of high energy, can occur in four different ways, with different duration and
type: Type A from 12 to 15 hours, Type B from 6 to 8 hourseT@pandlype D of four hours, a duration

of 2 hours before normalization, i.e. an abrupt decrease that lasts until the earthquakd-mc@)ré-fom

an operational point of view, it has been noted that the increase in geomagnetic background and the
apparance of radio anomalies are always followed by a normalization which precedes, in the overwhelming

majority of the cases studied, the seismic eviergt ©).

Increase of geomagnetic background

> (radio-anomalies associated with earthquakes) TYPE D
-
Oé TYPE C 2 hours
o TYPE B 4 hours
w TYPE A 6-8 hours

12-15 hours

0

Fig. 8. The figure shows the four modes of appearance of the geomagnetic background hetfeméadly destructive
earthquake of magnitude M6+. Type "A" from 12 to 15 hours before, "B" from 6 to 8 hours, "C" fouy dnudi'®"
2 hours prior to the main shock. You can note the increase in frequency depending on type as the unleashing of the

eathquakes becomes more imminent.

Time
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Scarto temporale tra il punto di normalizzazione del fondo geomagnetico e I'evento sismico
Time interval between normalization point of geomagnetic background and earthquake
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Fig. 9. Time lag between the point of "normalization" of the geomagnetic background and an earthquake with a
magnitude of M6+. By point of "normalization” is meant the period of time following the sharp decrease in the
geomagnetic field in Types "A", "B", "C" and "D".

After conducting an investigation into the repeatability of the relationship betiveancrease in the
geomagnetic background and seismic occurrences, as an experiment the contrary operation wag:carried
i.e. increases in the electromagnetic background were awaited to see whether the times of occurrence of
global earthquakes with a magnitude of M6+ were respected, within an interval of 15 hours from the time
the geomagnetibackground stabilized. Theesult was encouraging, and the time intervals between the
normalization of the geomagnetic background and earthquakes with a magnitude of M6+ were duly
complied with Fig. 10).
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Fig. 10. The appearance of IDPD and radio anomalies before the earthdéakene 2012 in Northern Italy. In the
spectrum can be noticed also the increase in the geomagnetic background and the point of normalization before the
seismic event (Courtesy of Gabriele Cataldi).

The experience was further extended to verificatibearthquakes of magnitude less than M5, from the
seismic sequence of the Emilian Po Valley, with a surface hypocentre approximately 500km away from the
monitoring station. The superficiality of the foci, within & of the surfaceand the relative pramity of

the monitoring station probably amplified the signals (and also in the Pollino sequence). Similarly, the same
considerations were made for the seismic sequence of Pollino (Italy) in October 2012, which provided the
same information as the Emilisequence (also in Italy).

Despite the overlapping of the signals, the relationship was respantethe difficulty that presented itself

was that of discriminating the geomagnetic background values from the major earthquakes of the Emilian Po
Valley ard Pollino sequences and those on a global scale. A feature, the latter, which represents one of the
limits of application of the Method of Investigation proposed in this study.

If, on the one hand, the twway relationship between the increase in geomiaghackground, the radio
anomalies, IDPD and Pcl is respected in major earthquakes, on the other, the question remains open
regarding the mechanism that actually generates the geomagnetic anomalies.

A first consideration on the interpretation mechanismcerns the relationship between the radio anomalies,
thefracturingmechanisms of the rocks and the consequent movement of the fault blocks. In this regard, the
following mechanism can be surmised.

In the initial phase the fracturing of the rock proceidisugh orthogonal breakEify. 11) and, as the stress
gradually increases, the fractured parts of the (littlons)are rounded off and cause a decrease in patrticle
size Fig. 12) in the heart of the fault (Storti et ,@003). Then, when the frictiastecreases, it generates the
dislocation of two blocks which may give rise to an earthquake. It is assumed that at this stage, the process
of fragmentation of the rock, in the presence of piezoelectric minerals, generates electrorfialgiseticd

radio irterference. Upon the stress ceasing, and prior to the dislocation, the electric field drops abruptly and
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becomes stable, since the friction movement is now exhausted. The first phase is associated with the
fracturing of the rock in the heart of the fautidais represented by variations in the electromagnetic
background, while the second coincides with the abrupt decrease in the geomagnetic field and the
instrumental stasis preceding the earthquake.
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Fig. 11. Progressive fragmentation of the "lithonster tectonic stress. The fracturing of the rock proceeds with
orthogonal breaks that disrupt, over time, the rocky complex until dislocation occurs. Courtesy of Prof. Fabrizio Storti
(drawing modified).

Fig. 12. Decrease in the size of the particleok placed under tectonic stress in the heart of the fault. The
progressive decrease in the rock fragments promotes the circulation of fluids and dislocation of the fault blocks.
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Since IPDP indicate eéhange in terrestrial plasma, it is believed thate may be a lapse in interaction
between the increase in electromagnetic background during thgorienan earthquake of high energy and
thePDP in theplasmapause and plasmasphere.

Anotherhypothesion the interaction between radanomalies andatellite measurements

The mechanism hypothesized is that stress produced underground can emit electromagnetic waves. And, to
the possibility of finding electromagnetic emissions not linked solely to the variation in the magnetospheric
background we mustiso add the phenomena of propagation of Electromagnetic Waves inside the Earth,
exactly as happens for seismic waves (Palangio, 1993). In practice, it is possible that the electromagnetic
fields produced byraearthquakenanage to propagate inside therdetrial crust to bouncdfahe innermost
layers of the Brth exactly as happens to a ray of light when it passes through transparent materials with a
different refraction factor due to different density. This phenomenon is known and, therefore, #ieliprob

of observing a radio emission deriving from a transmission of this type is not to be discarded. All
electromagnetic emissions with a frequency between 0 and 1,000Hz can pass right through the planet
without undergoing a reduction in intensity (Rejéo, 1993). Within this "range" are also emissions of low
pressure plasma, of a type that we can observe in our atmosphere.

Further explanations on the physical nature of anomalies in the ELF band have been provided by Draganov
(1991) and Fenoglio (1995 owever, it is now certain that this type of emission can be recorded at any

point on the Earth's surface since they undergo virtually no significant attenuation if they are generated at a
depth of around 10 km.

Acknowledgements:l am particularly indeted to Gabriel and Daniel Cataldi and LTPA Project Rome for providing
the useful and indispensable data for this study.
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THE RAFFAELE BENDANDI EARTHQUAKE WARNINGS
BASED ON PLANETARY POSITIONS

Cristiano FIDANI
Central Italy E€ctromagnetic Network, 63900, Fermo, Italy
c.fidani@virgilio.it

Abstract. Raffaele Bendandi was well known during the first half of the twentieth century for his warnings on the
onset of earthquakes which were made in newspapers worldwide. Today however, his name is less known and his
forecasting method remains mysterious. Régea false claim that Bendandi had predicted a strong earthquake for
Rome, Italy, on May 10, 2011, renewed interest in his warnings. Here, the warning characters are summarised, and it
was seen that they had confirmation by newspapers and catalogimgss@&ehrough a comparison with past seismic
events, using historical data, we would be able to express an opinion on these warnings.

Keywords:planetary configurations, moon tides, earthquake predictions, historical catalogues, Raffaele Bendandi

Introduction
affaele Bendandi, sddgure 1, was born in Faenza, Italy on October 17, 1893. His family was one of
modest wealth, which is why he attended elementary school only up until the fifth year. Following this,
he attended in a technical drawirgesialization course, given his attraction to the mysteries of both
astronomy and earthquakes. The total eclipse of the Sun on August 30, 1905 spurred him to pursue
independent study on celestial phenomena and later influenced his decision to becoramantorn
woodcarver, which permitted him more time to devote to his astronomical studies (Fidani, 2009).

Fig. 1. Raffaele Bendandi cird®6Q

Upon hearing about the Messina earthquake of December 28, 1908, and reading on the Perret prevision of
this earthquake based on the Megun positions (The New York Time, 1909), his studies of earthquakes
truly initiated. Guided by a basic knowledge ofrasbmy, he used the principle of tide phenomenon that
considered planetary positions and those of the Moon and Sun. The expert skills obtained in building
precision mechanisms during a period as a watchmaker, enabled him to build a seismograph that was
eventually sold worldwide (Lagorio, 2009). He became a member of the Italian Seismological Society in
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1920 (Lagorio et. al, 1992). On October 27, 1914 he made his first attempt in predicting an egrtbguake
January 13, 1915. This prediction was made bydBedi and recorded in one of his notebooks. A seismic
event on January 13, 1915, in Avezzano, ltaly, gave him further impetus to continue his studies. Bendandi
went on to analyse more than 20,000 past earthquakes. On December 20, 1923 he made himfiyst off
registered earthquake warning by way of a notary act (Bendandi, 1924).

Here, the warnings collected by Bendandi are summarised. Mathesd warnings had confirmatiom
newspapers. Moreover, the first and last warnings made by Bendandi olifetihie were investigated.

Nature of warnings

In order to understand the character of Bendandi's warnings of impending earthquakes, the Raffaele

Bendandi Observatory Archives, Viaadara n.17 in Faenza, Italy, wenealysed and a catalogue was
composedThe catalogue of earthquake warnings covers a period from October 1914 to April 1977 (Fidani,
2009) and includes, 143 seismic events located in the Mediterranean region and 167 in the rest of the world.
The listed seismic events are not distributed evewdy the 63 years. Between 1924 and 1927 Bendandi's
warnings appeared in newspapers weekly, monthly and fortnightly. During some weeks more than one
warning appeared in newspapers. The number of newspaper articles gradually declined until the end of 1927
and in early 1928 they compl et el prohibitedBendgna ome d when
making further predictiods. The mot i vat i o rhatfthese prédictiorss weteedamagingon wa s
Italian tourisnd , and al so enc odgteili,d92v)nFgw pebidatogpms appeanimyeafsC a

1939/40. From 1950 up until 1964 a continuous Bendandi resumed his warnings activity. Furthermore, some
seismic warnings were published in the years 1971 to 1977. There are also a series of papers iartie Bend
observatory containing dates without any reference to them, including May 10, 2011. It was from this that

the unfounded claim that Bendandi had predicted a strong earthquake for Rome, Italy, on May 10, 2011,
began circulating (Cartlidge, 2011); whenfact the location of Rome is not indicated in the archives. These

dates without references could refer to solar activity, but it cannot be said that these dates are associated to
seismic activity. Being so, one cannot reliably deduce future seismicsdvemt these dates, given that

Bendandi's method is not clearly understood.

Most newspaper warnings included multiple seismic events. The number of events for each warning ranged
from one to thirteen. Each expected event included a date and locatidhe apétial and temporal intervals
covered were highly variable. Generally speaking,
more detailed and richer in earthquake number t han
describedsery precisely the warning by indicating the times, locations and intensities of events. The timings

of events were very specific with: within a day in most cases and within a few hours in other cases. To

define the intensity of a shock, words such asdinlimoderate”, "minor”, "strong", "violent", "violent" and
"parossisma” were used and in some cases the grades of the Mercalli scale were referred to. Bendandi
explicitly stated that he was not able to determine with precision the location. When sdsking

locations, he estimated a range of up to several hundred kilometres. Up to 1940, his articles were generally
divided into two parts: the confirmation of previous warnings, with extensive discussions on the history of
epicentres affected by strong tsmuakes, and expected seismic events. The shocks that Bendandi

considered were those of high intensity, capable of swinging the nibs of the most sensitive seismographs for
several hours. He argued several of his warnings using graphs that indicatdadhheftthe curve as a

crust stress index, and warned that events would occur near these peaks. Finally, Bendandi stated that in
order to consider warnings of impending earthquakes as a scientific achievement, they should be of the same
type as meteorologal forecasts (Bendandi, 1924).

Bendandi research

Bendandi's research on earthquakes was documented from research carried out by scientists who had
published simultaneously with Bendandi or earlier. Confirmation of this can be found in Bendandi's home
library in Via Manara 17, Faenza, Italy. Moreover, a vast quantity of newspaper articles regarding
earthquake warnings and phenomena can be found in the same library attesting to Bendandi's profound
knowledge of astrophysics and geophysics. To sustain tHesga#ions, in Faenza it was recovered the text
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by Father Alessandro Serpieri,Sismological writting$1888), which dealt with the possible influences of

the Moon and the Sun on both the Earth and earthquakes. But, prior to this, Bendandi mustimastypre

read the 1908 prediction, which revealed to be true in Messina on December 28, 1908, for a major

earthquake or eruption in Sicily for the end of the same year by Perret (1908); which was based on the Moon
tide and the Sun tide composition. Howewihsequent predictions by Perret for 1909 failed and scientific

interest in Perret's method waned. This was not the case for Bendandi, whose scientific research was rooted

in astronomy. Bendandi's original approach to the study of earthquakes was lmasédalforces,

including the contributions of planets, whikkhs been recently acknowledg&idani, 2006; Straser, 2008;

Straser 2010). Additionally, this approach allowed Bendandi to confirm his pioneering theses (Bendandi,

1924), by analysing past pletary configurations and corresponding earthquakes. After the 1930's, these

studies were the basis for other important research. Specifically, Bendandi's thesis on Sun activity leads to

his hypothesis on the genesis of the eleyear solar cycle, and tleigma of variable stars. The

variabilities of these celestial bodies were associated by Bendandi with the positions of their planets. In these
two fields of astronomy Raffaele Bendandi wrote tw
Genesis@veny ear sol ar cycleo (1931), and AA fundament al
1932, the latter of which has only been recently published (Bendandi, 2006). This principle elucidated in

these two publications was the same principle lweBiendandi's earthquake warnings. However, Bendandi

never revealed the association between his principle and earthquakes, as he was not able to precisely predict
earthquake position. He feared that revealing this association would have given acadetigtssaen

advantage in resolving this problem (Bendandi, 192
di sturbanceso, be it an earthquake or solar and st
phenomenon of gravitational tideproegud by ot her | arger and cl oser cel ¢

(Bendandi, 1924; 1931, 2006). The major results obtained from this principle were three: an earthquake
warning method, a Sun spot warning method and a method for interpreting lighowaniatither stars.

Here, a single law is applied to solid crust and gaseous bodies, to explain three apparently distinct
phenomena. Furthermore, tidal phenomena occur including the entire earth crust or gaseous bodies
simultaneously. This is a type of glalrrust perturbation (Bendandi, 2006) that permitted Bendandi to
formulate multiple earthquake warnings.

The method as described by Bendandi

Even if Bendandi did not reveal the exact method to build his warnings, he described the first steps of it in
various newspapers in Italy. First of all, from the warning catalogue, it was observed that the warnings

evolved in typology. In fact, prior to World War Il, in connection with gravitational influence, the warnings

were accurate and detailed in place, tima imtensity. Bendandi repeatedly stressed that earthquakes were

events that interested the entire globe (Bendandi, 2006). He elaborated on this point, saying that this lack of

a global vision prevented others from successfully predicting earthquakest Flom 19506 s onwar d,
Bendandi's warnings became limited in number, imprecise and part of a more general forecast. This change

in thinking reflected his inclusion of the Sun and possible Eawih relations in his warning method. In the

broad context of solanfluence, many terrestrial phenomena were included in Bendandi's study:

meteorological excesses, auroral and geomagnetic emissions, aeroplane accidents and increasing criminality.
Al | of t hes e, toget her with earstohguwehkdse, tfher meida rtetr
to transform from a tidal effect to an electromagnetic effect of the solar wind. In fact, on several occasions
Bendandi thayarethe poweraelkectrdmagnetic currents originating from the Sun which are

responsibé for the entire terrestrial activily ( Bendandi , 1962) .
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Figure 2.The parallelogram rule designed by Bendandi for two dates in 1756.

Following his indications (Bendandi, 1924), the initial method started by calculating the planetary positions
in a given epoch. Then, an intensity of the perturbation was assigned to all celestial bodies and were
composed in a design according to the peledram rule, seBigure 2. The intensities of each planet were
empirically obtained by Bendandi by studying past earthquakes. From this, it was possible to calculate
geometrically the resultant vector. The next step was to determine the period it thacmadimum value.

In this same period, the gravitational contribution attributed to the Moon must be considered. Specifically,
when the Moon goes through the resultant planetary, along its motion, the vector sums the gravitational
contribution. Followinghis, the Earth suffers a maximum perturbation. For Bendandi, earthquake intensity
was linked to the resultant intensity, time was linked to maximum resultant time while the position was
indicated taking into account the maximum crust stress due taltididld.

The first earthquake warnings
Here we began with verifying the first warnings. The first official forecast by Bendandi was issued by deed
on December 20, 1923 (LA NAZIONE, 19Z&igure 3).

NOTARY ACT

«Vittorio Emanuele 111, by the grace of Gaahd the will of the Nation, King of Italy.

«The year 1923, this day of Thursday, December Twentieth in Faenza, Italy, in my notary office in Corso Garibaldi,

n.o 8. In my presence Dr. Domenico Savini, Royal Notary resident in Faenza, inscribed attiyebbiatd of

Ravenna, in the presence of the gentle person Olimpia Careli employed and Querzola Edward a.k.a Angelo employed;
both born and domiciled in Faenza, called upon as witnesses, known and suitable under the law, you are here Mr:
Raffaele Bendandgon of Angelo, woodcarver, born and domiciled in Faenza, adult under law and of age, of his own
will, which this notary has verified, has asked me to declare the following:

«The telluric events ahead between now and January 10, 1924 are two:

«The first,on December 21, that is tomorrow, from America (Central America).

«The second, however, will be greater in intensity on January 2, with a probable epicentre on the Balkan Peninsula, or
at least in the Aegean Sea.

«Having prepared the patent to consignhe two parties, drafted by a colleague under my supervision, herein will be
signed by Mr. Bendandi, withesses and myself the Notary, after having read the Act to Mr. Bendandi, who attested to
be fully satisfied with the document, in that it fully refledtedwill. This document is made up of a single sheet of legal
paper, that occupies two full pages and two lines of a third

page.
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«F.ti: Raffaele Bendandi; Olympia Caroli, withess Edward Querzola, witness Dr. Domenico Savini, Notary in Faenza;
«Registered in Faenza, December 20, 1923 Vol 84, No 485, reg mod 1. Exact fee: seven lire and ten cents. The
receiver: Suglia.

 previsione dei

(Dai noetro inviato. apeclalo)

Flgure 3. One of the titles that appeared in a newspaper in January 1924
The confirmations to the first warnings

Confirmationof these warnings were reported by Italian newspapers in the early days of January 1924, see
Figure 4, according to the reports, an earthquake struck the region of Sonora on 21 December 1923, an
earthquake struck the coast of Senigallia, Marche Regionadaf, 1924 (Cavara, 1924). Currently, the
verification of earthquake warnings time is very difficult due to the lack of tools that were available in the

last century. In this case, there was not indication that the first shock was recorded by the S&esmcen

network. Furthermore, the first report of an earthquake in Central America came from the city of Douglas in
the state of Arizona. There are modern scientific studies and catalogues that cite two important events in that
period. The first of theseras an event in the city of Granados in the state of Huasabas, occurred in the north
east of Sonora on December 18, 1923 at 5 am, see Figure 3, with an intensity of M = 5.7, followed by
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Figure 4. Mexican seismic activity in the region after the massiktguake of 1887, the event of 1923 took place near
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another event with a lower magnitude, on December 19, 1923 at 6 am (Suter, 2001). The inhabitants of the
Arizona neighbourhood felt a tremor at 9 pm on December 19, 1928utttg that moment as the time of

the quake in Mexico (Suter, 2001), this correspond to DecemBén Hurope. However, the report reached
Paris France on December 21, 1923 and this day could have been accepted as the date of the event, which
was actuail two days prior. Bendandi could not have known this because the report reached Italy on
December 21 (LA NAZIONE, 1924).

The second event took place in Italy where the availability of devices for recording seismic waves was great.

It was recorded that trearthquake hit Senigallia at 8:55 am on the second of January 1924, with an

intensity of M = 5.6 (CPTI04, 2004), confirming the warning. This event occurred on the day that Bendandi
indicated but it had a different epicentre, with an error of a few hdrdli@mnetres. Months later, Bendandi

stressed that his warnings were not yet resolved regarding the issue of location (Bendandi, 1924). It should
also be noted that this earthquake was less intense than the first. However, there was a coincidence regarding
time and space between these two earthquakes and the warnings. Additionally, the two earthquakes were the
most important events of this period according to Bendandi.

From seismic archives, there is no information on events occurring in the Balkan Regionpe with the

same intensity in the weeks before or after January 2, 1924 (Catalogue, 1990). The two events closest to
January 2 occurred in the Balkan Region in Chalkidiki, Greece, at 8:57 pm on December 5, 1923, with M =
6.4 (Catalogue, 1990), anal Eibenik, Croatia, at 8:39 am on January 29, 1924, with M = 5.3 (Catalogue,
1990, Herak et al., 1996). Regarding Mexico, strong shocks were not recorded for several years before or
after 1923 (Suter, 2001). In Colombia, however, reports stated that shagcks took place on December
14,1923 at 10:31 am, with M = 7, and on December 22, 1923 at 9:55 am, with M = 5.5 (Espinosa et al.,
2004).

The last earthquake warnings

The Author chose to examine the last warnings instead of the others to contradicetiteMay 2011

prediction (Cartlidge, 2011) erroneously attributed to Bendandi. For this reason, it was chosen to analyse the
warning released to the media in 1977. These warnings were not very precise about dates, which were
disclosed on March 3, 9 an@,11977 (Bendandi, 1977a). On March 3, Bendandi announced the beginning

of a "cosmic crisi§, of which large earthquakes are an aspect. On March 9, it was reporteshtihainced

on 9 March(Bendandi, 1977dpr now no new ruinous shocks in Romania; shafck certain intensity in

the coming months in the Balkan region, in particular, will suffer under seismic centres of the Aegean and
lonian islands; repercussions in Smyrna and Asia Minor; outbreaks in Ochrid and the islands of Kefalonia
will suffer signficant setbacks, in Romania, before the autumn with shocks to Gallipoli, in the Sea of
Marmara and on the coasts of Turk@n March 12 (Bendandi, 1977b) it was reporteal serious problem

for the region of Romania, shock sensitive enough to the Pheipggliends, endogenous tremors in the

lonian Sea between the islands of Zakynthos and Kefalonia, at the end of August on the Balkan.peninsula
These are the most recent earthquake warnings recovered from documents reviewed in the archives in Via
Manara n. T in Faenza as well as the National libraries in Rome and Florence, Italy.

The confirmations to the last Bendandi earthquake warnings

On March 4, 1977 there was a devastating earthquake in Vrancea, with M-igidr2, 5. With more than a
thousand victimén the city of Bucharest, Vrancea Region, Romania. The earthquake was one of the most
tragic in the history of Romania, but the American Geological Institute reported another possible strong
earthquake that should have involved Romania (Bendandi, 19¥%o)in Italy, a year before, there was a

strong earthquake in the Friuli Region, which was followed by another strong shock mont{izolatkelli

et al., 2001)Four months prior to thifkaffaele Bendandi had published warnings on this phenomena (I

Resto del Carlino, 1976). To this regard, he wrotefthat r en e wa | of seismic activi
beginning of May 1i8Debember 1975Nruleed, b strong quitkieck theyFauli

Region of Italy at 9 pm on May 6, 1976, M = 6.5, which caused 965 deaths, while on the 11th and 15th of
September, 1976, two quakes struck on each day in Friuli causing a total of 12 deaths: M =5.1, 5.6 and M =
5.8, 6.1 respectivelyrorthis, Bendandi wanted to guarantee that no great phenomenon would hit Romania
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before the autumn. Consulting the catalogue of Central and South Eastern Europe (Shebalin et al., 1990), we
can verify that indeed the next major earthquake having M = 5.tkgtra same region on January 1, 1978,
and an earthquake of high intensity occurred only August 30, 1986, having M = 7.1. With regard to the
Peninsula Balcanica, according to the catalogue of earthquakes in Central and South East (Shebalin et al.,
1990), during the second half of July and the second half of September 1977 three significant events on the
mainland occurred. On July 18, at 10:09:15 LT, in Albania there was an event with a magnitude of M = 4.8.
On September 201977, at 20:28:18 LT, in Bosnlderzegovina there was an event with a magnitude of M

= 4.6. On September $31977, at 02:58:02 LT, in Albania there was an event with a magnitude of M = 4.6.
But it was between the Aegean and the lonian Seas that the activity became more intertsérolm fihe

seismic catalogue of Greece (Catalogue, 1999) it is possible to verify the existence important events on:
August 18, with M = 5.4, September 11, with M = 5.8, and again October 22, with M = 5.1, near the island
of Crete. While on July 30 and Aust 31 there were four shocks of moderate intensity in the lonian Sea
near the Zante and Cefalonia islands, M =#4% Finally, there were various shocks that hit the coasts of
Turkey on October 5 and 27, having M = 5.3 and 5.0, and on November Z&eaechber 16, having M =

5.4 and 5.3 (Catalogue, 1999; Tan et al., 2008).
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Figure 5. The considerable depth of the earthquake was felt in Vrancea and the effects of the event were felt in half of
Europe. The Philippines were hit by a strong earthquakdasoh 18, 1977, with M = 7, as documented in many
newspapers in that period, and an even stronger event on July 21 of the same year, with M = 6.9
(http://earthquake.usgs.gov/regional/ngic/
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Abstract and preface Several phenomena have been reported to be possibly associated with a subsequent strong
earthquake. No simple compilation appears, however, to be enlightening. In addition, since timésmedra largely

not understood, it appears awkward, if possible at all, to make any structured review of this apparently unsolvable
problem. On the other hand, the tremendous tragedies, which almost every few years affect a large number of people, is
such that every mere academic debate appears nonsense and ethically unacceptable.

Either for clarity or for fAsimplicityo or for brevity
to assess some basic set of phenomena, whichecannsidered as a starting and reliable benchmark for a concrete
subsequent discussion. | have therefore considered every candidate precursor, first of all, in teramisfriessand
of its error bar. Robustnesis concerned with the amount of false alert that ought to be released if it relies on it. In
other words, it is concerned with the number of events that occur and that are not followed by the expected seismic
event. Theerror bar deals rather with the dam, in space and time, where the precursor is observed and that precedes
a given earthquake. Indeed, this domain ought to be practically suited for societal needs.

Therefore, several seemingly promising and intriguing precursors, which at predegingrmvestigated by
authoritative Earthdés scientists, could not be tncluded
additional case histories, in order to estimate their respective robustness and error bars.

In partcular, the reader ought to refer to several recent impressive attempts, which are reported in several issues of
the present electronic journal. In this respect, the present paper is supposed to be hopefully followed by additional
studies also by other autts, inspired by some similar criterion, aimed to set order in this discipline, which at present
appears certainly excessively dispersive.

Summari zing, the result of the present paper appears t
manageme nt of earthquake and volcano fApredictiono. This st
document, to be improved as soon as additional findings appear in the literature.

At present, this discipline appears often confused, hemeetimes unduly debatedidta moral obligation for
Earthds scientists to set order in this vaguely defined
conceptual order can be achieved only by applying a screening of methodgwandras, by means sfibsequent
stepby-stepmethodological and critical improvement.

I n the present paper, the meaning of fAf-amdeeeyast o i s fir
unfortunate- misunderstanding, mostly concerningnemunication between scientists, society, legislators, and decision
makers.

I n addition, the fAmytho has to be destroyed of the exi
earthquakes, because every event is a different case histatynamst be considered independent of every other
earthquake: any two events are never strictly comparable each other.

The planning of the presentation which is here given i
magnitudepr (2) epicenter locationor (3) occurrence timeAn appendixseparately deals with some general
met hodol ogical items that are | argely shared by every k
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Acronyms and definitions:

AET acoustic emission

d.o.f.7 degree of freedom

deontologyi 1 t i s one appr ovateetethica$ curvently dne & threet najorasproaclies in normative
ethics. It may, initially, be identified as the one that emphasizes the virtues, or moral character, in contrast to
the approach whiclemphasizes duties or ruledepntology or that which emphasizes the consequences of
actions €onsequentialisird &tarjfford Encyclopaedia of Philosopiwarch 8th, 2012].

e.m.- electromagnetic

ETS- episodic tremors and slips

GPSi global positioning sstem

HF i high frequency

INSAR- Interferometric Synthetic Aperture Radar

LF 1 low frequency

LFE - low-frequency earthquakes

LLR- lunar laser ranging

LY - light years

rms- root-meansquare

SFO- seismic free oscillations

SG- superconductor gravimeters

SHET spherical harmonic expansion

SSE- slow slip events

SST- sea surface temperature

VLBI - very long baseline interferometry

VLF - very-low-frequency earthquakes

1. - Introduction
he present paper is a concise discussion of the
including scientific methods, feasibility and costs, societal communication, legislative needs, and items
concerning the duties of all people involMg@. concerning their deontology). It contains no original
research contribution, but is a multidisciplinary synthesis referring to one specific focal problem. It aims to
be a commorsense realistic assessment of the state of the art, on the basis ohlprdetsible and
reasonably simple and well assessed tools, with no presumption for completeness, and leaving room for
future inclusion of additional algorithms and methods, whenever they will arise. This is not a review of
seismic or volcanic precursaffer this see e.g. Cicerorm al.,2009).

Owing to the very wide spread of different topics, methods, concerns, disciplines and techniques that are
mentioned here, it is impossible to give extensive bibliographical references for every item. Pertinent
guotations andeferences are given in the framework of a much longer study, which is currently in
preparatior!. The present paper is a summary of the conclusions of that much longer study.

I apologize to those aut hor sd |wddaoodhs very selealivie ogdocuaone n ot
methods that appeared comparably more robust, hence more reliable. It will certainly be possible (and
necessary) in the future to add new methods to the much simplified framework presented here.

In particular, apresent a particularly vivid progress is ongoing, as reported in several recent idsaes of
Concepts of Global TectonicEhese alternativenethods, howevest present are being developed, and a

!t is a monographic study | am carrying out since several years. A full draft has been completed and at present it is in
the process of f iCGlimate anddghe atrmospheric eledirica cir¢uifhie electromagnefic coupling
between solar wind and Eagh. I t ¢ 06/0@0papes,planoed o appe&avolumes.Volumel deals with the
magnetosphere and upper atmosphere.Zhldand3rd volumegleal with the internal voltage generator, including
endogenous processes and geadyics. Thetth volumedeals with the atmospheric condenser, with the atmospheric
electrical circuit, and with the lower atmosphere. Btieand6th volumesleal with several specific climatological

items. Therth volumgAppendices) is devoted to a few timamatical and physical technicalities. T8th volume

contains reference list, and subject and author index.
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statistics of case histories has to be collected befakeng any final assessment on their robustness and
error bars.

If we want to begin to put order into this much debated and often controversial discipline, we must start

from a fisi mpled screening, -inclusivie varydog ana learred, reviews. t h t h
We must begin from just a few seemingly reliable methods, and construct a basic framework, which can be
shared by the international community of scientists and decision makers.

A few quite general premises are first specifi@ither for clarification, or to avoid basic misunderstanding,
and to focus on some crucial key items. | do not want wohe&entious, but to be humble, realistic,
constructive and concrete.

A fUltimatetrutd i s beyond human r e ahazards afdhisks, whick | | eng e
imply a potential large number of fatalities, must always be a primary concern, independent of
every academic debate. It is just a matter of deontology (i.e. of moral responsibility) to allow
for the possibility of different guessemodels, or interpretations, as nobody is depositary of
Afabsolute trutho.

A Feasibility and costsust to be taken into account. In additieagietal communicatioand
also a correct science popularization) is fundamental. Popularization is concetrnatyno
with the average man, but more importantly with legislators and decision makers: this is a key
cultural challenge.

A fPredicio i n a s heverpossiblesvehendealing with every kind of phenomenon,
including seismic or volcanic forecash g . Even on a fAprobabilistic
advance time of a fAiforecast 0, the higher is
changes its Areasonably predictabled trend.

A Since we c @ndctotwhich is cegainiais nfiore appropriate to claim thae
cani s s ue adiagnedi®i aobfl et hile p hFprinstanee) no madisal deator can

Aforecastodo the exact instant of time of the
diagnosewhether his health is imprawy or degrading etc. depending on several inputs,
including the patientds age, prognosi s, envi

parameters. Weannotpredictcatastrophes. But, in contrast with what is often claimed, we
can diagnos¢hesta¢ of t he Earthodés crust.

s should always be cl ea

A Thereliabiityof a dAdi 0
to be aware th behavior of a volcano ¢

destructive earthquake.

agnosi
at the

2 Astronomical movements are weltedicted, such as the phases of the Moon, etc. because some physical parameter
(such as Ear t rodnsoomentrof induisy etad) sverwielmsall unpredictable perturbations. However,

when one considers the minor perturbations of the astronomical motion of the Earth (i.e. spin rate or pole motion), they
cannot be predicted. And these apparently negligibemomena have most relevant implications for catastrophe
management. See below.

5 The tdiagnosi®fii s a common medical term. Several analogies
medical sciences. One might be concerned about using, for tlemppespose, somefterent term (Martin Hovland,
private conmunication). The e ramalysi® i s wel |l known to have sever al me ani

entity into its const synhthesidh.Progadsi® mé hti ¢ ek t|md Wusudly pegarss ed t o
to consider the previous history of the health of a patient and of his family, in order to evaluate, on a statistical basis,

the future evolution of hishdalh and/ or | i fe expectprogoogi® iThesegdhiomegmousn 6T
fipredictiod. But, i f one wants to st r pradgtiodh dorenafbs,u sneo itne rsne i bsen¢
t hadiagndsi® seems appropriate for this purpose.


http://dictionary.reference.com/browse/synthesis
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Societys houl d be very well aware of t hckandetoct t ha
be incorrect For instance, if owing to an expected heavy raia national Civil Protection
releases a hydrogeol ogi cal a | oag, nobodyredillyt he fAf o
minds. But a wrong alert for a volcanic explosion or for a strong earthquake triggers severe

legal consequences etc. However, a forecasting mistake cannot be prosecuted only because it

is associated with a great societal impact: at pte#tds well known that a severe gap in

legislation is a key bias in every country.

I n the final anal ysi s, a c r umwliiparbmetric em of eve
character and itsrror bars[referring either(i) to space, ofii) to time, or(iii) to the severity
of the catastrophe].

Contrary to what too often has been stressed in the scientific literature (and it is sometimes
still stressed), it should be clearly emphasizedrthat fi m pagaimetay or phenomenon
exists that can giver@liableandc er t ai n Af orecasto of a catast|

Every real professional and conscience drive
is need to monitor fAalld possible diagnostic
degrees of freedonu (0.f). We can observe only a very small fraction of them. Therefore, the
state and evolution of the system must be di
realistically observed and objectively known.

In general, scientists in every disciplinedik t o d simflicitywi { B. §. Ei nstei n,
etc.), i.e. simple rules, rulasf-thumb, intuitive arguments and models, etc. These rules enable

us to match the complication of natural reality with the limited capability of human mind. In

this way, however, during the development of science sevasdhs and paradigmsere

generated. This often caused very harsh debates between different schools of thought. Also at
present thigontentiousness a bias, and this drawback is naive angbon consideringhe

severity of the societal impact of natural catastrophiess even deontologically

irresponsible.

In addition, while considering different parameters, their intrinsiustnessnust always be
taken into account.

Every quantity, which is eithatirectly or indirectly measured or evaluated, has some intrinsic
error bars, and eventually some unavoidable scatter. For instance, geoelectric parameters, soil
exhalation measurement, hydrological data, etc. suffer by a large spatial scatter deriving from
the uncertainties in the knowledge of subsoil structure that control fluid flow: hence,

compared to other measured quantities, it has to be expected that in general thei-signal

noise ratio is relatively poor. That is, they are comparably less rathesefore, every

precursor of this kind, whenever it is considered alone, must be managed with much care. It
cannot be compared with other precursors that rely on comparably robust information.

Therefore, although these less robust precursors are cgriaaful for a general assessment
of the physical and chemical state of the system, they cannot be considered alone as a reliable
source of information.

While implementing some model for the interpretation of observations, it is sometimes
convenient, or even unavoidable, to rely on the assumptiscadihg invariancgsuch as it
typically occurs when dealing with fractal or multifractal algorithms, wihigsply, however,
only within welldefined and limited spagéme domains).
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In these cases, a warning deals with the distinction betg@@metricalscaling(i.e. when
dealing with a repetition of the same behavior on different spatial scale sizes ystém)s

andstructural scalingl i . e. dealing with the fact that ev
often made of homogeneous material, which is much different from the heterogeneous
structure of Earthés *crust, or of a volcanic

A distinctionought therefore to be made between what is only a simple consequence of the
nature of the physical laws that are shared by natural reality and by a different spatial scale
model (i.e. deriving frongeometrical scaling compared to other effects, which aa¢her
associated with the intrinsic peculiarity, compaosition and structure, of the system (i.e. deriving
from structural scaling. This structural scaling is ultimately the most significant diagnostic
information, because it focuses on the physics, rattam only on the size, of the system.

When dealing with the physical nature of the process of a forthcoming catastrophe, it is well
known that no phenomenon strifodalvojumesccurs onl
important for the generation of an earthquake, much likedheneof a volcanic edifice is

important in the control of the pressure of the endogenous hot fluids, \altimeeof a

potential land slide, or the wateolumefor a flood, etc. That ighe storage of a given total

amount of energy necessarily implies a physically discretemandanishing volumein

order to store inside it the energy to be later released. This is just one example of a much

gener al princi pl e ptinbigetof neadanmum demsityecanpent efsnass plusa s i
energp. That is, a physical threshold does exi
A key item, which at present seems to be gen

deals with fundamental and coarptively much different heuristic implications fecursor
phenomena (i.e. which occuseforea catastrophe), compared to the information provided
either by the occurrence of the catastrophe (earthquake or other) ac@mééismicor
aftershockpheromena (which occuafter the catastrophe).

That is, studying earthquake fApredictiondo by
speakingnaive and paradoxicafor the same reason that medical sciences cannot progress

by only relying on informationqovided by the autopsy of dead bodies, and from mortality

statistics: rather thestrictly requireconsideration of the diagnosis of sick hilive patients.

The often harsh debate abg@odynamic modekppears to be more a matter of rivalry
between dferent schools of thought, rather than a truly scientific discussion or an effective
scientific concern.

Indeed, compared to the intrinsic complication of natural reality, every model or
interpretation, which is suited for the intrinsically limited daibty of human mind, is

extremely oversimplified. Every model must therefore rely on a substantial amount of
approximations, in order to reduce the huge numbdraf. of natural reality. Hence,

different models can be simultaneously accepted, even when they appear contradictory, as
they just rely on different assumptions and they describe different aspects of a multifaceted
reality.

* Note that, when dealing with time scaling (such as when an attempt is made to simulate the occurrence after a short
time lag of a geological phenomenpn t he kind of scaling is necessarily m
character, because ttypical intrinsic timerate of a natural law cannot be accelerated.

® This item ought to deserve a much longer discussion, and it leads to unexpected consequences. But, for brevity
purpose, it cannot be treated here.
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In any case, it is deontologicallynacceptable that the scientific community debates about
these (often pseudwcientific academic competitions, while people die by severe natural
catastrophes.

A very frequent misunderstanding er y r el evant to communicati ol
ard also between scientists and socidtyoriginated by a confusion betweglobal
propagationof crustal phenomena atwkal effects.

For instance, a seismic wave is well known to propagate through the whole Earth on the
planetary scale. In contrast, ground vibrations of much higher frequency are rapidly damped
off by the heterogeneity of soil composition and structure.

Higher frequeng oscillations are, however, a very important diagnostic tool, which is very

well suited to monitor some eventually very ladlgeal Ear t hé6s cr ust featur
response of a huge block of limestone or granite, or of the outcrop of a plutonpbdifitd

lava.

Indeed, the statics arstiress fieldnside every such large body eventually changes with time.

For this reason, these huge bodies act like real, much extaated! probesThey are

considered to be an essential constituent of theeenstrumental monitoring device, as they
areitslongg ange fAprobed directly connected to the

For instance, a lava outcrop is the effective terminal of a huge natural probe that monitors an
unknown- although very large percent of a whole volcanic edifice.

Claimingi as some writers havahat high frequency oscillations are useless for the study of
the Earth is just nonsense.

The lack of any distinction betweeonntinuumandquantum effects an unfortunate bias that
is shared by several present scientific disc

Classical physics and standard engineering relies on differential calculus, originated by

Lei bniz and Newton. Si nce t hassesbed,2a0d@incetipat a nt u m
time we do know that at the molecular or crystalline ssae we must rely on discrete, Ron
continuous, phenomena. The algorithm of continuous functions no longer applies. It appears
almost unbelievable that in several discipbrofEatt 6 s s ci ence tkiows pr eser
fact is not taken into account.

In detail, according to solid state physics, no cleavage plane of a crystal can be explained by
the continuum rationale. We must rather rely on crystalline bonds, on tbewegs, on their
different strength in different planes, etc. These items are fundamental for the understanding
of every fracture phenomengimat occurs in the Earth crust, whether an earthquake, or a
landslide, or the collapse of a volcanic edifice, €te treatment of these phenomena by

means of differential calculus results in a severe limitation for any realistic physical
understanding.

In much the same way, an engineer is concerned with the wfawtogy of a material

(Young modulus, breaking pdiretc.), while the physics of phenomena involves effects that
only solid state physics can explain. ACont./
indeed, only in engineering problems. But, they are obsolete and sometimes misleading in
Eart leifces. sci
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A When dealing with a natural catastrophe (seismic event, volcanic eruption, landslide, etc.)
very fewd.o.f.(degrees of freedom) are to be distinguishexgnitude, locationand
occurrencetimé¢ wi t h t heir r espect i vmustcarly distingusia r s ) . E
whether it is concerned with either one or another of tHesé

Natural reality is concerned with some physical system, which is unavoidably characterized

by a much largerumber ofd.o.f. Therefore, no two real case histories shall ever be identical;

and no two precursors shal/l ever bremanhe same
ever steps in the same river twice, for it's not the same river and he's not thmmaame T hi s

is the same as stating that the arrow of time steadily moves in one direction, or also stating

that entropy is steadily increasifg.

For instance, any two earthquakes are always a different phenomenon, because either their
epicenter is located in different areasyj dgirthey hit the same site because different events
have a different crustal environment and trigger.

Neither can onebviate to this inconvenience by means of statistics. Indeed, strictly speaking,
statistics makes sense only whamlike in the case of earthquake data sertes data base
is composed of elements that are physically comparable with one another.

Stat stics is not to be conceived |li ke a AGreat
c o v'enrorer to get rid of our ignorance about a huge number of unkdawiThe

formal computation of a mean, or of a rapeansquare (ms) deviation, may alwayseb

formally carried out. One should be aware, however, of the real logical significance of such a
computation (e.g. sometimes a median has to be used instead of a mean, etc.).

A While releasing every kind of aléstwh et her it i s associodat €Earwihbdl
crust or wi-thibcarabe firacticallg helpfsl bny when thévance timés
reasonably large and when it fits with societal needs. But, the longer is the advance time of
the alert, the hi gher ¢&)thmatthe physical systamebentliallyt y ( or
changes, by which the former extrapolation no longer holgsch was the motivation for
issuing the alerfThis is a physical matter of fact, just a challenge that every scientist (and
also every conscience drivéggislator) must take into account.

The present discussion deals separately witlmignitude with thelocation in spaceand with thdocation
in time when dealing with a possible forthcoming natural catastrophe of any kind.

Some methodological items, which are shared by every kind of monitoring, are illustrated ppémealix
which is therefore an essential component of the present paper.

® The role of time for fundamental gnoseology is a classical and very debated item of theoretical physics. An extensive
literature exists. Refer e.g. to Gregori (2010), or also to Gregori (2005) and Gaeglof2006) and references therein.

" Linus is acharacter of the popul&@harles M. Schuls comic stripPeanutsanch i s fiLi nus covero is s
his pranks.
®!AProbabilityodo is a concept that, st r hanbdeneouslgmersski ng, ap |

such as it typically occurs in games (caldgery, etc.). In contrast, when dealing with natural phenomena, the

elements of an ensemble in general are not homogeneous. Hence, their treatment by means of the algorithms of

probability theory implies a severe arbitrary assumption on the nature ddttisase, and this assumption may

eventually result to be misleading. This basic epistemological warning is apparently usually neglected in several

disciplines, evenoutsidar t h6s sciences. The result is m@epthyften occu
average man, decision makers, and legislators.


http://en.wikipedia.org/wiki/Charles_M._Schulz
http://en.wikipedia.org/wiki/Comic_strip
http://en.wikipedia.org/wiki/Peanuts
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2. - Magnitude

To the best of my knowledge, three different approaches are shitedts sue a fAf orecast o of
a possible futurearthquakeln addition, a fourth and older approach, which maybe provides us with a lesser
spacetime definition, sometimes can be useful, and perhaps also improved.

Concerning other kinds of natl catastrophe, such as landslides, floods, snow avalanches, etc., one must
rely on their respective trigger, and on soil morphology, on atmospheric precipitation, temperature, winds,
etc. Much different is the case of spontaneous forest fires, whiohveempnsideration of the

electromagnetic (e.m.) coupling between soil and ionosphere, in addition to air conductivity which depends
on the spacéime variation of soil exhalation, etc. (see section 3.1.2). But, these items ought to require a
much differem discussion compared to the arguments treated in the present paper.

The fourearthquakeprecursors that can be indicative of the magnitude(@rglow (or silent) earthquakes;
(i) seismic lull;(ii) f r act al analysis (in space) of faults (o0ob:
anal ys{ivema x iactmudm fAsei smicityo preceding the main sh

2.1- Slow (or silent) earthquakes

Silent or slow earthquakes, tremors, stitip and creep pcesses, episodic tremors and slip§S, slow

slip events $SH, nonvolcanic tremors, lowrequency earthquakesKE), very-low-frequency earthquakes
(VLF), etc. are almost synonymous phenomena, or they refer to observations that are different upon
considering some subtle distinction concerning their respective primary driver or mechanism. The best
available distinction in their respective definition ishpgrsgiven inFigure 1, borrowed after Idet al

(2007) who also give (not shown heeefletaileddble with references, etc.

A so-called "slow" earthquake is a discontinuous event, which releasasilitsnergy (of the same order of
magnitude as thenergy of a standard earthquakegr a period of hours to months, rather than of seconds

to minutes such as a typical earthquake. "Slow" earthquakes can be detected either by strainmeters, or they
may be accompanied by fluid flow and its related trerygrically in thel - 5 Hzband. Originally they

were also named "silent" earthquakes.

They are probably associated with several kinds of primary mechanisms, such-alstiokl creep
processes, such as in thecadled subduction areas, or assaaiiatvith fluids of any kind moving through
"porous” rock, hence associated with volcanic@ptive activity, or also deriving from ice sheet melting
and reduction of its corresponding load.

They can be episodic, and in this case a phenomenon is s@seilled "episodic tremor and sligTQ.
They can be either precursors or aftershocks.

In general, the investigation of this huge realm of phenomena has been carried out only sporadically,
although the number of published papers is steadily incrgasi

When a permanent planetary arrayAd stations (see sections 3.1.2 and 4, and the Appewtich
monitoracoustic emission becomes available, a much more systematic and easier investigation of slow
earthquakes will be possibl@lso including seiwic free oscillations§FO and Earth's hum.

® The discussion of these items is closely related to the physics of ionospheric or atmospheric earthquake precursors
(e.g. either in terms of VLF e.m. propagation, or of airglow anomalies, or bfjeaite clouds, etc.). That is, these
phenomena deal with the very complicate nature of the coupling between upper atmosphere and underground
phenomena. Understanding these phenomena, however, at present is very severely biased by several unproven
paradigmswhich are only conventional assumptions aimed to define and distinguish different disciplines, to be
conceived like realms of different specialists and schools of thought. This unfortunate conventional choice results into a
fundamental limitation of ouknowledge. But, these items, which are extensively discussed in the aforementioned 8
volume set, should strictly require a separate long paper. They cannot be included in the present paper. Only some
related items are here partly discussed in section.3.1.1
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As stressed in section 1, monitoring ultrasoiiids not a direct way to monitor any veimgh-frequency
phenomenon that crosses through whole Earth. Ra&Eanonitoring is concerned with the stress while it
crosses through some huge solid crustal body, normally of unknown extension underground, which operates
like a real "natural probe" embedded into the Earth crust. These "natural probes" are real and much effective
extensions an essential componentevery singleAE station, i.e. of the composite detectidevice

composed of electronics through this huge natural probe.

Figure 1is selfexplanatory: the duration of a slow earthquake displays a clear relation with the seismic
moment of the future edrquake that hit that aredhese very curious and still poorly studied phenomena

are a reliable diagnostic tool aimed to assess the seismic hazard of a given area in terms of the maximum
expected potential earthquake to be expected.

log[Characteristic duration (s)]

= LFE o

=2 T T T T T T T T T T
10 11 12 13 14 15 16 17 18 19 20 21

log[Seismic moment (N m)]

FigureliCompari son bet ween seismic moment and thdFECcharacte
(red), VLF (orange), andSSE(green) occur in the Nankai trough whB'S (light blue) occur in the Cascadia

subduction zone. These follow a scaling relatbfM, ~ t, for slow earthquakes. Purple circles are silent earthquakes.

Bl ack symbols @) Sé¢ owl swieveéemtsgtaly é representing a typi
(line). (b), VLF earthquakes in the accretionary prism of thelANaa i  t (cp Slogv Blip &nd creep in the San

Andreas (drawliltowé sl i p beneg@)Afierskpl trel9¥¥8a v ol kanea®t hquake &
scaling relation for shall ow int er pFigue and eaptions aftqride k es i s
al(2007), who also give r1 ef gff einsc etsh ¢ hseeries nointi tmoende)nt .and w
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Itis likely that a somewhat different detailed law applies to different regions. Therefore, additional
investigations are required.

Maybe, when it becomes possible to improve by a substantial amount the capability to monitor slow
earthquake by means of suitable arrayd66t at i ons, the error bar of the
magnitude will be reduced.

Slow earthquakes appear to be a definitely promising possibility, and they are also a upefdiay ofAE
station arrays (see sections 3.1.2 and 4, and the Appendix).

2.27 Seismic lull

The soecalled"seismic gap'method is an oldashioned and well known concept. It relies on the statistics of

the presumed storage of elastic energy in a given area, which is supposed to be of iaileige

Some lesser and apparently irrelevant seismic activity is someatimsesved to occurs.time within some

given and comparably broad area. Sometimes a "curious" and small spatial gap is observed inside this broad
area. For a while, no minor activity is monitored inside that small area, which is called sgagmithis

means that an accumulation of elastic energy is in progress, and the next relevant shock is therefore going to
have its epicenter located inside that area. This "law" has been well known for decades (e.g. McNally, 1983).
It is reported to be have beebserved in several case histories.

The concept ofseismic gap'applies either in space or in time. In space it happens that a small area, inside
some wider region, displays a gap of seismic activity. In time, within a given area, crustal actinyy of a
kind is in progress, but for a while it fades off. In this case the gapiséabled i s mi ¢ | ul | 0.

Some recent papers discuss general statistical features oftispachstribution of seismicity, which are

likely to be characteristic of specific reggrirhey use very involved and clever algorithms, such as pattern
recognition, multifractal analysis (see the Appendix), etc. But, these items are outside the simple framework

of the present paper, which is focused on almost intuitive operational methotatk already been

practically proven to lead to some clear, regular, and well assessed earthquake precursor. This is not a
criticism of ot her met hods. |l ndeed, every | ess Asi
hard thinking, beforany final assessment of its practical operative effectiveness can be assessed.

Particularly interesting laboratory investigations on different specimens were carried out bst @hen

(2002) (for space gaps) and by Botvetaal (2001) (for time gaps,e. lulls). For brevity they cannot be

reviewed here in detail.

Botvinaet al (2001) also investigated the dependence of the maximum magnitude of an eartrgitsake
seismic lull. They showigure 2, where they plot both phenomena observed either ingheal crustal
environment by means of data provided by some earthquakes (i.e. the seism)¢ dulalso some
analogous observations carried out on steel specimens stressedtbly mmouth (i.e. the acoustic ITlkg, as
they rely onAE monitoring although they are not really concerned aB&ifrequency).

For steel specimens, they computed the values of M* by means of a relation analdgeuSutenberg
Richter relation, i.e.

pO-* p@ 11%
where the energlf is expessed irerg.

By this, they showed that the magnitude of an earthquake, which is to be expected to occur in a given area,

is linearly related to the logarithm of the duration of the seismic lull. Also in this case, it should be pointed

out that an arragf AE stations certainly improves the capability to monitor in real time the seismic lull, thus

i mproving error bars and the reliability of the fi
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Figure 2. "The duration of the period of seismic
*  Tsand acoustid ag lull (the first and third
quadrants, respectively) as functions of the
magnitudes of earthquak@d) and metallic
specimen failuregV*). | Data ofRikitake

data obtained by Botvinet al.(2001)

for the earthquakes in North Californid; steel
45; D steelU8; E steell7KhG2SAFo Figure and

9 captions afteBotvinaet al.(2001).

anal ysi s

The seismic gap (in space) is indirectly, although much better, investigated maybe by means of the fractal

anal ysi s
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conventional detailed geological mayich is available in several countries. This method was apipjied

Cello (1997 an®000), Cellcet al (2000 anc2002}° both to a large seismic area in central Italy, and to a

smaller seismic area in southern lItaly.

7 Central i3
Italy '."
6.5 o
6 - ',."T ¢
M .’.' 3*
5.5 o
5 4 M=102D-65
e r2=0.97
4.5+ . : w ;
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[after Cello et al., 2002]

He made saight application of the wek n o wn
every given area of investigation (defined as a 2D approximate rectangle between geographic parallels and
meridians) by means of several smallerHoeerlapping boxes of a piehosen and given ®zThen, he

Figure 3.Maximum recordedV vs.Dg for the historical
earthquakes of the axial Apennines. Nansbdenote
different seismogéa zones. One point (no. 3, dealing
with the town of Norcia) is plotted twice, reporting a
1979 event with M = 5.9, and another with M > 6.5,
which struck the samarea in 1703. Figure after
Gregori and Paparo (2004), redrawn after Cetlal
(2002). The same figure, slightly different, also appe

in Cello (2000).

i box

countii

ng met hodo.

obse

That

191 am indebted with the late Prof. Giuseppe Cello for discussion, and for providing with his reprints, shortly before his

premature passing away.
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counted the number of boxes which contain at least one fault. By the tilt angle of-tbg fdgt of number

of boxesssbox si ze (Richardsonés plot) hBsanbefipalyt ed t he
plotted the maximum magnitudé of an earthquake that struck that aveal (Figure 3). One point was

found to fall out of the remarkable alignment. But, upon a closer inspection of the historical database, he
found that an older earthquake can fit the general trend, solving fasesyp paradox.

Cello (bid.) exploits an extensive discussion (not here reported) of the robustness of the estimated
parameters, of error bars, etc. But the limitation of this clever and much effective data handling relies in the
fact that it requires detailed geological map, dm wealthy historical seismic database. Unfortunately,
however, this information is not available everywhere.

24-Maxi mum fAseismicityo preceding the main shock
K e %Borolsand Malinovskaya (1964) investigated the prepamgirocess of a strong earthquake in terms

of its preceding weaker earthquakes. The total number of earthquakes represents only the weakest shocks,
while their total energy represents only the strongest ones. Hence, they introduced a weight&d sum

where various earthquakes had suitable weights depending on their energy. The long discussion of the
definition ofe(t) is not pertinent in the present paper.

They show plots that refer to different case histories, occurred in central Asia, in #ra &editerranean,
and in the Himalayas. The seismic catalogues available to them were incomplete, particularly concerning the
less strong shocks. But they found remarkable regularities.

They found that(t) has a sharp peak of approximate amplitBddefore - and only before an earthquake
with a magnitude of M. A few minor deviations from perfect regularity could be a reasonable consequence
of their uneven catalogues. But the significance of their analysis is shown by the following evidences.

The time interval- between the moment when the left side eftapeak reaches (1/2)Rand the time of the
main shock increases with its magnitude Migure 4). The difference between main shock instant, and the
time of thee(t) peak maximum, is less reguléyt always positive.
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Figure 4. Time interval between F i g u rAeea @ prepdratiod  ( Figure 6. The maximum magnitudé,,.,
main shock instant and the time vs.M. Af t eBorokkaed3 | i possible in various seismic belts of the
when the left side of the(t) peak  Malinovskaya (1964). world. D = the width of the belt.Figure and
reaches (1/2) Aft er kK capti ons -Barbktaedr Ke 3|

Borok and Malinovskaya (1964). Malinovskaya (1964).
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They ¢ o mpated cdpdeparatioed M where the small er shocks occur
magnitude M of the main shockifure 5). Moreover, the maximum magnitude,M which is possible in

a given belt, is roughly determined by the width o thélt D Figure 6; based o data after Gutenberg and

Richter, 1954).

Summarizing, their analysis was based on some "reasonable” although arbitrary assumption aimed to
estimate some significant quantitative gauge of seismicity in a given region. They found clear correlation
betweerthe cumulated seismicity observed a few years in advance, and the magnitude of the earthquake that
struck that region.

This shows that the occurrence of a strong earthquake, somewhere inside some suitable large region,
requires a preparation time, which is manifested as an observed increased seismicity preceding the main
shock by a few years.

That is, a strong earthquak® not the result of a local accumulation of elastic energy. Rather it reflects
the response of a large crustal region. The location of the epicenter at a given site is determined by the
local presence of an active fault, which is suited to cause thaseelef the elastic energy, which in reality

is however accumulated over a very wide area.

This means that every investigation on earthquake precuramtsunavoidablgeal with a twofold

perspective. On the one hand, we must focus on large scale pgonhshbat affect crustal stress and cross
through the globe. On the other hand, whenever we are concerned with the hazard of a specific active fault,
we must monitor its area with great sp#ioee detail, in order to envisage what local process are grgse

that might eventually respond to a critical enhancement of crustal stress crossing through it.

3. - Location

Owing to practical purposes, there is need to consider first (section 3.1)-alargel e pl anet ary ff
the propagation throughBah 6 s crust of some huge ficrust al st or ma
stress crossing through some given region and typi
intercalated by Aquieto periods (see the Appendi X

Different monitoring arrays and data handling are required (section 3.2) in order to assess with a much better
precision the areas that are comparably more prone to the occurrence of a possible earthquake.

3.17 Location in spacei Planetary scale phenomena

Thefil as g&l eo | ocation of an area, which is prone to
be assessed by means of almost every kind of precursor in terms of every kind of suitable information. It is
essentially impossible to list all possilgetentially measurable effects, which in any case can eventually

result much different in different areas and on the occasions of different earthquakes (e.gCieéptee

et al, 2009).

For instance, theeismic gagfsee section 2.2) is, maybe, arfahe oldest and best known methods. But also
theseismic lull They are monitored by one pehosen technique, normally over a region having a linear
size of several hundred kilometers. For instance, the size of the lull area depends on the deasity of th
available monitoring array.

Another example is representedvgter wellsanomalies. As mentioned in section 1, in general their
information (anomalies of water level, or of its temperature or turbidity, or gas bubblingyestedis not

robust. Buton peculiar circumstances, this is not a real bias: the crucial item is rather the space density of
wells, and the availability of a steady monitoring.

For instance, this information was used in one of the former successful case histories of earthquake
fipredictiono in China. That interested region was ¢
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several wells, which were permanently monitored by the local inhabitants, due to their daily water needs.
They had also been instructed to inform tiadale center about any kind of anomalous phenomenon
observed in a well. Upon screening this (ypyofessional but very dense and steady) monitoring,
statistically it was thus found that the epicenter area resulted to be identified inside a much liatiskd sp
range, with a precursor of only a few days advance. The plot of well anomalies (shown by black dots)
looked like a leopard skin, drthe epicenter occurred whehe black dots where denser.

Note that this does not mean that an identical resporsst liiee expected in every other case history. In
addition, one single well can eventually result unsuited to monitor a reliable signal, as it could be supplied
by a much anomalowjuifer. Only a large number of wells can be effective.

Let us here distingish two wide categories of precursdi}electromagnetic (e.m.) phenomena, &énd
crustal stress phenomena.

3.1.17 Location in spacei Electromagnetic phenomena
A premise is needed about magnetostriction and electrostriction phenomena. They have often been appealed
to in the literature as a source of seismic precursors. But they are very local and very much scattered.

Indeed, one can eventually observe a releeéfect at a site, while no analogous effects is observed at some
very close location, depending on the heterogeneity of the underground crustal structure. Hence, these
phenomena are definitely noabust, and result therefore a little practical user({f, ainless an

unrealistically very dense array of monitoring sites can be available).

From a more general viewpoint, a key concern deals rather with the e.m. coupling between ionosphere and
ground. The discussion of this item involves both planetary pt&leomena and local features.

Our living environment (i .e. our fc-timedatieal, whi ch
fifenvironment 0 where | ife can dev e Gregori(200202066@andv i v e)
2009) concerninghis and several other concepts mentioned here below].

The upper plate is the ionosphere. It is powered by an electric current generator, identified with the solar
wind.

A paradigm- which is generally accepted also by ionospheric physicists althoagtagnee on its

incorrectness is that the ionosphere is an electrically equipotential surface. The ionosphere is, rather, a very
bad conductor, or a gently conducting insulator. Hence, it is likely that, as a response to the rapidly time
varying composibn of solar wind precipitations (as it is testified e.g. by the much different location of

proton polar auroras with respect to electron polar auroras, or by several incoherent scatter measurements),
much different electrostatic charge density can waetlgerarily exists in different subvolumes of the

ionosphere.

The lower plate is generally underground. But, soil is not composed of horizontal layers. The Earth is not
structured in terms of concentric layers, e.g. reminding about an onion. Much like attkEd® s sur f ace s
large anomalies can be observed (such as typically fumaroles or volcanoes, etc.), the underground structure

of the electrical conductivitg reminds about a sa&chinpattern, with several spikes.

The electric currents inside theseksgshapeds structures are powered by the deep Earth dynamo (see
Gregori, 2002, 2006 arzD09).A Cl i mat ed0 phenomena occur |(iThestopde t hi s
point of every spike is the site odspketimhaese of Jou
underground at a suitable depth. That is, an effective e.m. coupling occurs between the upper plate of the
atmospheric condenser and every spike, which acts therefore almost like an antenna, or like a lightning rod.
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The Caronia phenoemon (dramatic spontaneous fires inside a house spreading from electric pdwés, soc
or water pipes, etc.) waswused byst. EImo fires on top of a spike.

Only very seldom a spike emerges from ground: this typically occurs inside volcanic plume®ritdond
photographs are available of volcanic plumes with lightning discharges, which can be explained upon
considering that volcanic plumes contain electrons, positive ions, and negative ions.

Electronspromptly move towards the ionosphere, leading to formation of the lightning discharges that are
always released from the outer boundary of the plume (but never inside it, because the plume is very
conductive). These lightning discharges are normallycadréibove the plume, except in Iceland, where the
electrostatics of the ionosphere is strongly affected by the auroral electrojet.

Positiveions are rapidly pushed downward to ground, and are spread over some large area. They cause no
visible discharge.

In contrastpegativee ons #Afl oat o in air, as they are subject t
by the positive charge in the ionosphere. They move with wind, and eventually cause very intense lightning
discharges but far away from ttielcanic edifice. They are very intense and sometimes killed people. These
peculiar kinds of lightning discharges are often clearly distinguishable on several photographs of volcanic
plumes that appear in the literatdte.

But, the e.m. coupling betwe@mosphere and ground is a ubiquitous phenomenon, although it eventually
causes no visible discharge.

However, a severe bias in the general interpretation of these phenomena, according to what is reported in the
literature, derived from the discussiontbé secalledair-earth currents Following a much preliminary
orderof-magnitude estimate of one century ago, it was finally agreed theardir currents are negligible, at

least as a planetary average. This had an important implication, as it allmveettdatment of the

geomagnetic field by means of the classical Gauss analysis of the potential by means of spherical harmonic
expansion, thus permitting the separation of internal and external origin field, etc.

But, upon a critical reonsiderationit appears that this assumption, which is very useful to handle the
geomagnetic field, indeed is not supported by adequate evidence.

Thus, much like the incorrect hypothesis of an equipotential ionosphere introduces an unrealistic Faraday
screen between agnetosphere and atmosphere, this hypothesis of negligidardir currents introduces an
unrealistic Faraday screen between e.m. phenomena

These Aparadigmso eventually ori gi ichaidnesghereanthe unf or
airglow precursors were formerly considered as unrealistic and unreliable, and some controversy was
sometimes raised by the fact tkamebody observed them, whithers did not. In reality, every case

history has to be considered ipémdent of others, and all results can be significant and equally reliable.

An e.m. coupling certainly does exist between ionosphere and subsoil. Therefore, it is not surprising that
during the precursor stage of an earthquake some anomalies are eyetisedved. This is well known to

have been observed on several occasions, in terms of different e.m. phenomena, or of airglow (which is just
a manifestation of some kind of ionospheric disturbance). The results of the sateMtETERought to be

recalled, etc.

" This explanation of lightning discharges in volcanic plumes is original, and it is more extensively discussed in the
aforementioned-&olume set in preparation.
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In general, however, any two different earthquakes, either with close epicenters or not, are to be expected to
be eventually associated with much different e.m. effects, émbebecause the general e.emvironment,
which depends on the instastate of the solar wind etc., is much different in different case histories.

A related concern deals, however, with the spatial resolution of an ionospheric or airglow precursor.
The possibility to detect some effect depends on the fediushe bwer and(ii) of the upper plate of the
atmospheric condensdiij) of the medium between the plates, fliwy on how dense is the monitoring
array.

However, since phenomena are observed which are originated in the ionosphere, the geometry of the lower
plate is less relevant. Another drawback is the sparse location of ionospheric or airglow observatories.

It is well known that no anomalous feature in the ionosphere can be detected with a spatial detail more
precise than the order of magnitude of thegheof the ionosphere, i.a.few hundred kilometers (see
Figure 7).

Figure 7. Estimating the linear distance L at Earth's surfe
where the ionospheric signal has significantly changed.
text.

An electric charge dt is located at a height h over an observer located at a point A at Earth's surface.
Another observer is located at C at a distance L from A on a flat Earth. By formal computation, with the
symbols defined in the figure and by calling &d \; the electrigpotential at A and C, respectively, and p
the percent WV, , it can be shownth& j6 EO EWME $ D Hence, E pb p.
Therefore, iffx |, itisBx pfAc* X Tt b

Therefore, some consistent change of faceoalyovesamospher
distance L of the order of magnitude of the height h of the ionosphere.

Therefore, ionospheric precursors are certainly an important hunch, as they can monitor a wide region at
Earthoés surface (i.e. t hseajteriaspace,farathelscationofthcey have a
ionospheric observatory is not critical). However, the spatial detail is limited of the definition of the

expected epicentral area.

From a different viewpoint, it has to be considered that a planetary pattenust#l stress, and of its
propagation, can perhaps result important in order
through wide regions. This is not a Afoandlam@ast 6. Bu
range hazard sigetime domain. These itesrare discussed in section 3.1.2.

As far as the trigger mechanism is concerned, which can be associated with planetary-¢oalajgem.

phenomena, a relevanand as yet nomonitored- phenomenon deals with the anomaletiess caused by

stray currents (or AFoucaultd currents, or induced
caused by the timearying e.m. fields originated by the solar wind.

The resultant total force and total 3D torque, which pmdied to the Earth, can be monitored, almost in real
time, by means of the induced electric potential within the global network of submarine communication
cables (Lanzerotti and Gregori, 1986) combined with the geomagnetic records, which are permanently
collected by the international network of geomagnetic observatories.
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Note that, in principle, this identical information could also be attained by means of geomagnetic records
alone, with no use of transoceanic communication cables. But, the sparsesmdnatevork of the

observatories is such that the error bars result very large. Long transoceanic cables detect an effect which is
integrated over huge distances, and this information is a constraint that is very likely to be decisive in order
to keep cordined the drawback of error propagation in computations.

This network of communication cables can therefore maritoan instant basig)e moment and torque
exerted on the planet Earth by the e.m. interaction with the solar wind, with its implicatonsEar t hdéds s p
rate and on pole motion.

But, at this point it is important to get a monitorimg an instant basisf the anomalous variations of the
astronomical motion of the Earth, i.e. of its spin rate and pole motion.

At present, this monitoring is achieved mainly by means of a few techniques: astrometric measurements,
VLBI (very long baseline interferometry)lR (lunar laser ranging), and occasionally a few specific space
geodetic experiments.

The oldest classical rtteod isastrometry A picture of the zenith nighttime sky is taken every day, at the

same astronomical station and at the same instant of time. Time is measured by an atomic clock, which is
assumed to be the most stable,deemost reliable, timeecorder.Just by definition, it is the reference pace

for every other observed phenomenon. Then, the displacement is measured of the observed stars with respect
to their expected position. A network of devoted astronomical observatories is used, in ordedtofget ri

overcast conditions, etc. and to manage error bars, etc.

Until a few decades ago, astronomers released one average daturh éagsgnd specified a few different
parameters. They claimed that they wanted to smooth the seatiare which they bserved, and which

appeared unacceptable to an astronomer who is acquainted to deal with much regular and smoothly varying
observations. However, maybe also due to the strong complains by geophysicists who considered the scatter
as a most interesting infoiation, astronomers later started to releasedatum every day

The VLBI technique relies on the Doppler effect of a celestial radio source, which is simultaneously
observed from two observatories located at a relative large longitudinal span.

LLRrelies on the time spentbaekdf or t h by a | aser i mpul se bet ween E:
was posed on the Moon by astronauts.

These three techniques are presently applied on a permanent basis by different groups, and their results
appear weltorrelated one another, inside their respective error bars. But, the focus is alvdaylg on
average values.

To the best of my knowledge, it appears difficult to envisage whether and how the monitoring of the
astronomical motion of the Earth can be awhi providing with a much shorter time resolution, or even on
an instant basis.

In addition, in principle, the instant Earth tide ought to be much different on different continents etc.
depending on their relative location with respect to the Moon an8tin (e.g. refer to the effect of the
Pacific loading tide on the Eurasian shelf, mentioned here bsksiigure 14).

One new techniquewhi ch however apparently has not yet been
astronomical monitoringrelies onthe Josephson effect that can monitor instantaneous effects, at every
different site, and in real time.
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Consider that, following the elastic/plastic respo
morphology, in principle, the measurefiects are to be expected to be very different at different sites at
Earthoés surface. This information could therefore

crucial assessment of the tiraarying local seismic hazard.

In any case, the paraunt importance ought to be stressed of an instant monitoring of the astronomical

motion of the Earth, in correlation with the aforementioned monitoring of the total force and torque
originated by stray fAFoucaul tkepérmadently mahitotegédybur i ¢ cu
combination of spontaneous electric potentials in the planetary network of transoceanic communication

cables plus geomagnetic records from the international network.

The knowledge of the trigger of relevant crustal stressigmations could result, perhaps, much important in

order to assess the time instants during which the crust is relatively more stressed, either in terms of a

pl anetary average, or of continental @&caseismegi onal s
prone areas.

Concerning the anomalies of the astrommahmotion of the Earth, a watihown phenomenon, which was
observed on several occasions, is the apparently erratic correlation of the effects that are sometimes in
association with the @arrence of large earthquakes. A proposal for an explanation and for the study of this
unexplained item is mentioned in section 3.1.2.3.

In this same respect, it ought to be recalled that Poscetiali(2006) reported on a crustal stress effect,
thathas been simultaneously and synchronously observed in central Italy and in Greece (in the lonian
islands). They were able to tentatively interpret this observation only in terms of a regulaayimg

crustal stress, originated by the varying push efltlading tide of the Pacific water on the Eurasian Pacific
continental shelfseeFigure 14).

Although this finding ought to be confirmed by records carried out at some intermediate longitude between
China and the Mediterranean area, it appears beyonoceasonable doubt that the Earth crust is crossed by
periods of Acrustal stormso, measured by its stres
Appendix for details on this item.

3.1.21 Location in spacei Crustal stress monitoring
Three techniques are here mentioned. Two of them are suited for the deployment a conspicuous (either
permanent or temporary, planetary or local) monitoring array: thefEemdshallow geotherms

Another technigue, which has been implemented onlyimpawably recent time, deals with superconductor
gravimeters$Q). They are much expensive and therefore suited for the operation of a limited array,
although they provide with a pertinent and valuable geophysical information.

In addition,GPSandInSAR(Interferometric Synthetic Aperture Radar) techniques are well known and
much efficient tools, suited for a successful monitoring of the time variations of soil deformation, applied
either to volcanic areas, or to tectonically active regibrARappearsd be more sensible, compared to
GPSmonitoring (Furuyaet al, 2010).

In general, however, satellite methods, sucm84R have the drawback of a limited time resolution,

because the available monitoring of a given area is discontinuous in time iargfjace coverage. In

addition, these methods need to compare observations of the same area carried out at different instants of
time, delayed by a small time lag etc. Sometimes the use of an expensive cluster of identical satellites is
available, and tlsi mitigates somewhat this drawback.
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These techniques can give some important indirect hunch also for the location in space of a possible future
epicentral area. But, owing to brevity purposes, no additional mention is here given about these very
importantitems. The interested reader may easily find several related papers.

3.1.2.1i Acoustic emission AE) monitoring and arrays
Every object behaves | ike a fAsolidd when its cryst
other forces.

Theconcept either of HfAelasticityo or of Aplasticity
defined by human mind, much | ike in Euclidean geom
abstract definitions that never exactly exist [@een the Milky Way can be likened to a plane, as it is a few

100,000 LY (light years) of diameter, and a few 100 LY thickness (except in its central region). That is,

every fAplaneo i n nat-vwamishihgthickness, etc¢.y al ways has a non
Similarlyno perfectly felasticdo medium exists, |ikewise
ANewt onian fluido). Therefore, everymustaways Asol i do

experience the yield of a few of its crystalline baffds

When at any subsequent time the same material is subject to a new applied stress, additional crystalline
bonds yield, and the probability of their rupture is higher were the medium is already weaker, i.e. close to
the sites were other bonds previouglided. Therefore a process occurs that reminds about a chain
reaction.

The rupture of a bond determines the trigger of a
eventually transmitted through t hanifirasouhd, vhizhibody, a
call ed i ac o WB)tatiagiverfraguensyi on o (

The smaller is the size of the mieflaw of the medium, the higher is tiAd= frequency, and every given
frequency may be realistically depicted by stating that it is typieatypciated with micklaws of some
typical aver agdé@awsomaie: askBiosi asedalwi ¢eth fhat given fr

Note that in general we may lack the knowledge of the real physical size of this flaw domain: we just know
that this is thdeature that must be reasonably expected to occur.

Thus it is reasonable that one can eventually monitor some anomalous behavior of the medium which is
associated with the observationAfE of some given frequency. For brevity purpose, let us brieflyticaih
Ahi gh f AE grblleAEC vy O

But, comparatively smaller flaw domains, which are associatedH#tAE, are to be expected to coalesce

into flaw domains of increasingly larger size, as a result of implosion of several small flaw domains into one
larger flaw domain, etc. This implies that the crystalline structure progressively deteriorates, and thus the
mechanical performance of the medium consequently worsens.

The formerHF AErelease are thus going to be progressively damped off altogetheh&iphogressive
coalescence of smaller flaw domains into larger one. Therefore, lower frequEiisymply denoted akF
AE) become more intense: the anomalies that were obserddB BYE are now observed dyF AE, etc.

The possibility to detect these nfamical vibrations of the medium depends on whether a sufficient
transmission exists of theE signal, betweeE source and its detector. As mentioned in section 1, in
gener al ultrasounds do not propagat eoffthhoughloocgdh Ear t h

2 This is the same as the steady increase of entropy, or of the steady flow of time. S&ria furetnote.
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or heterogeneous materi al (unl ess it contains wate
underground (such as a huge monolithic blotlimestone, granite, dolomitetc. or a pluton, or of
solidified lava, etc)tti body acts | i ke a fAnatur al probeodo, whict
component of the recording device from electronics through the sensor, through the natural probe. [The
sensor is |l ocated on an outcrop of the Anatur al pr

From the viewpoint of the physical analysis of &terecord, three items are to be considered, as explained
in detail in the AppendiXpgnormality, fractality  aflawd hiefarchy law .

Lognormalityrefers to a property shared by every phenomenon,ary@ase history when the occurrence
of an event is proportional to the number of similar events that are already occurring. For instance, typically
it applies to a public service, where it provides with the correct explanation of rush hours.

It can be Bown that a phenomenon of this kind is associated wigreormal distribution hence its name.

In the AE case history, the number of yielding crystalline bonds is proportional to the number of bonds that
are already breaking. But the same concept dradi®n is shared by several other phenomena.

It appliesto the classical sand pile problem, where the location of a sand grain is proportional to the number
of sand grains that are already at that level (as they have to support the newly addedegredn)it Hpplies
to the hypsmetric curve of a planet, t@ topography over a more or less extended region, etc.

It applies also to every phenomenon controlled by psychological factors, such as in commerce, or in
financial events, etc., or to severabloigical phenomena. For instance, in urodynamic testing,
uroflowmetry is the measurement of urine speed and volume. The amount of urine and its flow rate are
monitored and plotteds.time. The plot looks just lognormal: the amount of urine flow is priuaal to the
urine that is already flowing, and the process stops when the urine reservoir has exhausted.

This example appears closely pertinent to explain the morphologgedraagnetic storpbecause a storm
istheresultofthemac®t ruct ptasmé aafiityo in the solar wind (
temporary relevant decrease of particle flow (fApl a
magnetosphere responds to it. But the amount of lack of particle supply from tieepBomortional to the

ongoing reduced flow of particles. Hence, the phenomenon displays a lognormal distribution, and it lasts as

l ong as the fAplasma cavityo persists. I'ts durati on
affects the relase from the Sun of solar wind. Indeed, the typical classical shape of a geomagnetic storm,
represented by thd component of the geomagnetic field, appears just like a lognormal distribution,

although it is conventionally represented with a reversed atelgxis (Campbell, 1996).

Lognormality applies also toraagnetospheric substormlthough through a different physical control. In

fact, a fAplasma cavityo inside the solar wind caus
which is typcal of the magnetosphere. While this gay the particle supply from the solar wind

propagates along the magnetospheric tail, the particles that are stored inside the plasmasheet are used to
supply- and to reduce as much as possililee effects othe solar wind lack. During this time (typically 2

3 hours) the magnetospheric substorm develops: it is characterized by a violent inflow of particles in the

pl asmasheet, and by t hauradatsubstordmp mad8mhte o fi maBhaiEe at & o unl
depends on the length of the tail of the magnetosphere. Since the temporary amount of particle supply from

the plasmasheet is proportional to the amount of already supplied particles, the typical pattern must be
lognormal of the geomagnetic recorditfweversed ordinate axis) associated with a magnetospheric

substorm (although a magnetospheric substorm is well kin@Wwe much better recognized by means of

polar auroras).

Therefore, as |l ong as a fpl as managnetosphdriy substormm wibbes er v e
triggered. But it will fully develop only as long as particles are available inside the plasmasheet. Hence, a
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storm (lasting a few days) appears like a disordered overlapping of several substorms (everyone3lasting 2
hours) while the patrticle reservoir inside the plasmasheet is progressively depleted. A storm is therefore the
representation of the magpat t ern of the overall effect of a Apl s

It appears difficult to understand why lognormgalitvhich is a very general mathematical property shared by
different amounts by every phenomenon, and which was discovered in the very first years of the XX
century, is still only very seldom assessed in its several much effective applications for nddeystauch
different phenomena, including aftershocks and the Ol law??

In contrastfractality has already been well assessed in several phenomena, although its mathematical

discovery occurred much later compared to lognormality, i.e. only during the last decades of the XX

century. It is associated with the fact that some phenomena often ocaulimgto an identical morphology

displayed on much different spatime scale sizes (this regularity applies, however, only inside gjmaee

domairst hat are defined by physical ¢ onsetfgimdlarityot.s) . Thi

As far as rupture phenomena are concernedssalfarity occurs on scale sizes that cannot be esimaller
thanthe atomic range, or larger than the siz¢he object which is breaking.

Self-similarity (as already mentioned in section 1) may alsodmeeived in terms of a twofold concern. It

can deal with geometrical features, i.e. similar phenomena occur on different spatial scale sizes. Or it can be
concerned with structural aspects, such as when experiments are carried out on steel specifrahsr(or

mat erials) aimed to mimic the behavior of Earthos

Geometricakimilarity refers to intrinsic properties shared by the identical laws that apply to different
materials Structuralsimilarity refers to different physical properties@sated with the structure and
composition of the medium.

The fractal properties of a medium are depicted by means ofdheasb | ed #Afract al di mensi

In the case oAE records (of a given frequency), the raw signal is first treated in ternmsrofssaverage

over a prechosen elementary time interval. Then, the time series of Atesealues is handled in some way

inorderto singleoutapoiiti ke process (i .e. a series of Ayeso e
time series is analyzedloye ans of fractal algorithmeounfingy pi cal |l y
met hodd; see the AppendDxyk. pFflompt |l yheoimpad eadl dihme
denotes that it is computed in tti@e domain, in order to distinguish it frothe fractal dimensioDs in the

spacedomain, such as it is used by the Cello argument mentioned in section 2.3.

In general, it can be easily shown that, owing to definition, a mere, ideal, perfect, random series of events
formally leads td>;=1. Whenee r every given event haswhishoootarredi me mo r \
either before it, or are going to occur afteriitis formally foundD, < 1, and the lesser 3, the greater is

the fimemoryo. I n t he extr e mecasethatall eeehts oacurfattthe samé 0 fi me
instant of time, and it iB, = 0. See the Appendix for additional details.

The interpretation of the observBdis according to a twofolghysicalrationale, i.e. whether the inferred
physical information refers to the trigger of the observed phenomenon, or rather it refers to a response of the
medium while it searches for its new equilibrium after having suffered by a stress.

13 The OmoriUtsu law refers to an approximately exponential decrease of the aftershock sequence after a strong
earthquake. In reality, this is the tail of the lognormal trend of the mechanical vibration of the crust. The identical
rationaleapplies (Paparo and Gregori, 2003) eitheFOAE or to LF AE, until the lowest frequency, including seismic
frequency £0.5-1 Hz). The raising stage of the lognormal trend corresponds to the time interval when precursors occur.
But seismologists are seingly only concerned with the decreasing trend of the lognormal distribution, which they
represent as an exponential decay, and forget about the precursor stage of the earthquake.
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Consider first the smnd case, that is the response of the medium. An internal response of the medium

triggers some comparatively lesdgetensity effect, which causes some releas&mofrom the medium. The

progressive degrading of the performance of the material is meaibyr a progressive decreasdptintil

the final rupture of the Asolidod body. Thibars,was ob
or on concrete samplaubes stressed until final disruption etc. This is also the rationale that sxpilaia

physical groundthe wellknown classical phenomenon of cleavage plane of a crystal.

Instead, consider the case history of a material which is stressed by a progressively increasing prime trigger
agent. Typically, consider a volcano, with a tiweying (either increasing or decreasing) pressure by its
endogenous hot fluids.

Theincreaseof the endogenous pressure causes a widespread 3D diffusion of hot fluid through the porous
medium of the volcanic edifice. That KE monitoring refers to theme variation of the external
perturbation which is applied to the medium.

It will be thus foundD; ~1. WheneveD;i s f ound to i ncrease, it i s cl aim
Whenever it is found thdd, decreases, it is claimed thatthevolca i s fide f letak,200dg o0 ( Pap a

It has to be pointed out that during Ainflationo
standard sei smometers. I n contrast, duringefidef/|
are stronger and even norstrumental. This is consistent with the fact that, when the volcanic edifice

mi sses the former support by the endogenous fluid
shape due to gravity, while isolated craoksur. The crack size is comparatively larger, and they occur

along cleavage planes et c. I n contrast, as mention
of smaller micrecracks, due to the diffusion of endogenous hot fluids. Vesuviutagsp few months of

inflation followed by a few weeks of deflation.

a
at

A much enlightening case history was represented by the paroxysm that hit Stromboli during the last months
of 2002 The Stromboli volcanic edifice is alme2000 mtall above sea floohut it emerges from the sea

only by<1000 m OnSeptember 23 owing to some unknown environmental accident,AfEstation

located on the island interrupted its operation.0@sember 28 2002Stromboli had an unusual violent
paroxysm, followed also by a local tsunaffigure 8 shows the results.

During this period of time the endogenous fluids continued to increase their pressure. Abesigaal
displayed some irregular variation. In contréktsteadily increased. It displayed some oscillations, not
strictly periodical, with a typical duration eb-7 days(maybe, they were associated with a time variation of
atmospheric pressure, buidiguess ought to be confirmed by meteorological data).

Note the steady increase of timaximunof the oscillation displayed Wy, in Figure 8b. It is reasonable to
guess that also aft&eptember Z3its trend was still increasing, unbBlecember 28 when it reached the
valueD=1. Then, the plumbing line collapsed, and a new boca explosively opened at some lower height
above sea level on the slope of the volcano.

In the subsequent days a tsunami wave was observed, and the phenomenon was retbriaddns bya
professional observer who had expressively been sent on the islands to watch the volcano after the
paroxysm. The interpretation given by Gregori and Paparo (2006) was that an event occurred similar to the
aforementioned opening of the newchoa large and abrupt landslide was triggered, below sea level, along
the slopes of the volcanic edifice, and it triggered a tsunami that hit the coast of the island.

This interpretation of the tsunami event may be confirmed, perhaps, by the appaitaritysimith the
response of the compression, until fingture, of a concrete cubEigure 8c).
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The similarity is noteworthy betweehigures 8b and 8eleft side. The plot (not here shown) analogous to
figure 8a, but referring to the concrete celx@eriment, loks much different compared Eagure 8c-left

side (in fact, the raWE signal rapidly increases when a new load is added, but it also decays very rapidly,
unlike Dy which keeps a high value for a few minutes as shown in figutef8side).

The concrete cube experiment may therefore be considered a labataynodel of the Stromboli
paroxysm. This may be consi desindlatityas a case history

This Stromboli paroxysm shows therefore the heuristic potentiaf (figure 8b) compared to simple and
straight reference to raw daéone Figure 8a).

Figure 8. [top to bottom](a) RawHF AErecord,
1 weighted mean over 24 h (by triangular weight).
300 After Gregori and Paparo (2006p) D, after
subtracting th&4 h runningmean from the
unsmoothed raw data set (every raw datum is an
average over 15 min). EveBy was computed for one
day. But, whenever data were insufficient, several
Jﬂ—#’t subsequent days were considered, and are plotted
XJL several days with the sarBg When the volcanic
edi fi ce i s DfidowfthedABeventy 0
0 5 1015 2025 30 4 9 14 19 more seldom occur, due to a temporary reduction,
Aug Sep lack, of any prime energy supply to the volcaatier
Paparo et a2004).(c) AverageD; (in blue)
measured on two sets, of &@ments each, of
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1Stromboli HF AF fractal dimension 1D concrete cubes (15 cm side). All specimens are
0.91 Anoust-September identical, and of identical concrete. Every specimel
] ug;t;() 2 cpemoer was stressed (red line) by adding progressive load
0 8 I / (everyone 50 kg, with unconfined uniaxial
] \ compression). The specimens were stresaétifinal
0.7- / \ rupture. The left and right diagram refersHb AE
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Suppose to have available a planetary netwodkEoétations. According to the presently available previous
measurements, two frequencies may be recommenr@éd,kHz, and-25 kHz, but even a few other
frequencies can result eventually useful, althougtstrimtly necessary.

The importance ought to be stressed of making referergimtdtaneousecords of bottHF AEandLF AE

The crustal stress on the planetary sealed also its spagei me vari ation and propaga
crust (which igo be discussed in section-49an thus b effectively monitored almost ireal time (this
reminds about a much similar information provided by a planeteaje meteorological service).

Whenever suitable, an additional comparatively deAg&eaarray oudpt to be implemented in order to

monitor local crustal propagation, inside crucial and restricted areas (as discussed in section 3.2). This can
provide with the needed information about local hazard (much like mieteorological information can be
used br every local concern, on the basis of the boundary condition information provided by a planetary
meteorological datum, etc.).

T h dlawfhierarchylaw i s a much general concept, appealed to
no specific namel)t relies on the principle that some hierarchy must exist during every rupture process, by
which one has to expect to monitor first some kind of phenomena, and subsequently another type, etc.

A practical confirmation and observation of this effect hanbevestigated in several laboratory
experiments on various specimens (steels, granites, concrete, etc.) reported in the literature. Owing to brevity
purposes, onlywo results are here recalled.

The first remind is about the number of hierarchy levdigtvcan be observed and distinguished. This
number strictly depend$ on the intrinsic structure and composition of the natural system which is
investigated, and alqa@) on the kind, and on the spatial and temporal resolution, of records and on their
error bars.

For instance, in the case of seismic activity, éteal (1993) recognized in China (by means of multifractal
analysis; see the Appendix) dedel hierarchy, which they show is in close correspondence with specific
tectonics features and Wwitrustal morphology of China.

Concerning experiments on granite specimens (e.cetladi 1992 andl993), a coarse grained granite
reveals a 2evel hierarchy, unlike a fine grained granite which occurs only according-tevelleffect: it is
very likely that this difference ought to disappear if the temporal resolution of the detector could to be
increased, etc.

The second related remark deals with an evidence that was found by means of the aforementioned granite
specimens. But it also applies tancoete specimens (Xet al, 1997). Referring to a granite, when it is

brought to total collapse under-&xial constrained compression, the irgrain bond yield first. When, at a

later stage, also single grains collapse, the whole granite rdgpetis down. In the case of concrete, which
contains some hard inclusions, mignacks form a belt, until a microrack gap occurs around every hard
inclusion.

This means that intrgrain bonds (or cement/inclusion bonds) are comparably weaker. Thedaani
concrete specimen), under strong pressure, first d
this, the intragrain bonds (or cement/inclusion bonds) yield, and the granite (or concrete) attains a new

structural configuration. In someay it adapts to the stress which is applied. But, when also single grains (or

hard inclusions) collapse and also their stronger bonds yield, the entire structure of the whole medium

rapidly collapses, and it experiences an abrupt total loss of performance.
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As far as cement is concerned, it is a mixture of several different components. Every interface between
contiguous different components has its typical strength. Hence, these differences imply some typical flaw
hierarchy law. However, the chemistry offdient components changes.time, due to very slow diffusion
processes. This explains the ageing of cement, and of concrete, which at present is a great concern.

AEmoni toring permits to assess the naf halwhekeyer archy
advantage is that it provides with a distinctiorHéf AEandLF AE and thee results to be a much effective
way to recognize the direction of the arrow of time within observations (see section 1, and also section 4).

In this respect, a keyemind has to be given about previous papers that are found in the literature and that
deal withAE measurements, carried out either in geophysics or in laboratory experiments.

In general, experimenters apply a piezoelectric transducer, and oftenthéytdo even speci fy thi
at which it operates. Or , if they specify the freq
effect simultaneously observed at different frequenties.

In contrast, a key and fundamental item of the rationalelwisihere envisaged is the concern about the
frequency dependence of the phenomenon. Indeed, this feature gives the information of paramount
importance about the direction of the arrow of time inside the medium (see section 1). We know that, owing
to sour physical arguments, the same phenomenon has to be obEstvednvolve smaller flaw domains

(i.e. HF AE) and only subsequently an analogous phenomenon must involve larger flaw domdifs (i.e.

AE). This feature is fundamental in @mcto get rid othe weltknown and otherwise unsolvable dilemma of

the distinction between precursors and aftershocks.

That is, the aforementioned argument that is here adepibith begins from micrdlaw-domains that
coalesce into larger flasomains, etc- relies o aphysicalmodel. Its discussion finally leads to the
explanation of a cleavage plane, etc., and to associate a physical significance to the¥alkete.of

In the case of the Earth crust, the possibility (see the Appendix) has been shown toedegrize periods
o fcrustal stornd aaqukd Aper i ods i n clugad stom@ ni ¢ hehlmar aAc ther i zed b

crustal stress activity, which is monitored by inteA&s i gnal s . | n t h erustaltstarhdi an pen
seemstolastsevemple ar s, and fAquietod periods also |l ast year s
Acrustal stormod, although no regul austalbtamnor mal tr e
I nsi decrustalgtarng , fhowever, i s s e eamstal gubswEs b | ev d oy g ree olga:
in the order of, say, two weeks. A storustalg eart hqua
substornd . The tcnustahsdbstord seé@ms approxi mately to remind .
tentative propose i nt er pr e tcrastaisobstorm si $ hatcwawclie during the cr
gener al , however, this cyclic process is interrupt

likely reason is that the boundary conditiomsitinuously change.

At present, all this is only tentative and speculative, as several additional case histories are to be collected.

Neverthel ess, the unquest icmstabstoimé , obempwvatdoonél aasa
erratic superpast i on of a@ustalsubsdorms| i vedsf@iggestive to be an ex
hi erar chy bubstornd aiss ear emiyndir det ai btormbf. t he maj or pr o

The capability to recognize a detail inside our records depends on our nmgnfemilities, and on our
capability to interpret them. That is it depends on the empirical constraint. The discussion in the Appendix

4 To the best of my knowledgéhe distinction of two different simultanesHF AE andLF AE records was made by
Gabriele Paparo in his Gran Sasso experiment, and later on he asked for my help for interpretation. This was the
beginning of our investigation @&E monitoring.
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highlights the present state of the art, although subsequent improvements are likely to occur when the
database will geticher and more varied.

For completeness sake, it has also to be mentioned that several approaches are very different, which rely on
some much accurate and clever mathematical tools (such as typically it occurs with multifractal analysis or
others; see thAppendix). They display much intriguing features and dependences. But it appears as yet
sometimes difficult to assess a physical under st an
applied to different case histories. That is, sometimes itappleat no final agreement seems to have been
achieved concerning their practical application. Some harder thinking is likely to be needed, before their
inclusion in the present fAhandbooko.

3.1.2.27 Shallow geotherms
A fgeot her ms o i raturepmofildvedde petvhe riyn tgernmopuen d . By fishall ow

layerdownto-3.5mdept h. An array of fshallow geothermo sta
meteorological network since over half a century (although the station numiearsed gradually in time).
Not e, however, that the term fAigeothermd was not wus

These remarkable studies were carried out by Prof. Tang Maocang and his school, frstitule of
Plateau Atmospheric Physidsanzhou (Gansu Provie, People Republof China). They even afforid
issue- yearly and on a permanent basis for the Chinese government and with a-skH #%- a climate
forecast (atmospheric precipitation) on a middle syimge scale, i.e. on a scale sdveral 1&km to a few
100 kmrange, and fewto several weeld&ime lag’®

Every station is composed of a hole drilled into ground, where temperature is simultaneously measured at
different depths, i.e. respectively@t40, 80, 160and320 cmdepth. The datum &0 cmdepth appears to

be essentially unreliable, due to erratic and unpr
data at greater depths permit to estimate the thermal gradient between different levels.

The data handling is then cadieut by rejecting the days affected either by rain or by snow cover. Other
periods of time are used to estimate the geothermal flux and its variation in time.

It seems likely that the former rationale was perhaps focused on earthquake precursorsakiengumal

change of release of endogenous heat is to be reasonably associated to heat advection associated with the
dynamics of endogenous fluids. A migiracturing of the crust favors the escape of geogas, hence it affects
the geotherm, etc. and thisudd be, perhaps, a seismic precursor.

In reality, their records resulted much more effective for climatological applications (see below), although
also the tectonic implication were relevant.

Compared to other monitoring devices, this technique is caatipaly very cheap. The largest part of data
were collected manually twice a day, at two-ph@sen and fixed instants of time. Present facilities make
much less expensive to collect data automatically, even in real time whenever needed.

15 The following information relies on the scamhaterial that can be found, mostly only on the English abstract of
Chinese papers, that sometimes have no English translation. In addition, | had the privilege to host and cooperate with
two much valuable scientists, who had been former students of Profes®y Maocang. They are Dong Wenijie and

Gao Xiaoqing, wonderful persons and friends. | acknowledge several discussions with them, and also some material
that they gave me. A more detailed amount of information is contained irttimee8study mentionedh ia previous

footnote.
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But theirstudy e mai ned constrained among Chinese Earthos
acknowledgement in the western wolidrhis depended on different sound reasons, which are here briefly
mentioned (being however my personal evaluation).

A first concern deals ith the significance of measurements. In this respect, let us recall three schools of
thought that interpret a geotherm by means of much different and apparectyicilableways.

The standard weknown viewpoint of ggeothermal scientistssumes that the observed temperature

gradient derives only from heabnductionalone from a deep heat source. Fluid advection underground is
considered to be only an unwanted and supposedly approximately negligible perturbation. Hence, whenever
some inonsistency is found in observations, the anomalous datum is rejected.

Instead, aneteorologisassumes that the observed temperature gradient derives from the previous time
history of the thermal exchange soil/atmosphere (either by conduction, or joracha by thermal

advection through water or air flow into ground). No concern is allowed for any endogenous heat source,
which is believed to be negligible.

A hydraulic agronomistor ahydrologist considers rather onthermal advectioy fluid dynamics. Hence,
a geotherm is a way to monitor the effects of water flow underground, while either the time variations of
geothermal flux or the meteorological effects are supposed to be negligible.

In addition, these last specialists are very muahd ofen harshly concerned by the perturbation that can

be introduced in the environment by the probes that are posed into ground in order to monitor temperatures.
More specifically, they are much concerned withpkecolationwater that runs along the prokiaserted

into soil.

In every case, whatever technique is used to pit a probe intf@as@hvironmental perturbatids
unavoidably always produced, even when a trench is excavated and probes are inserted horizontally, etc.

One can get rid of this drawback by attempting to measure the different records, which can be collected at
supposedly strictly identical sites, by means of probes put into ground by different methods. For instance,
the effect of water percolation can bettsl asn Figure 9, etc.

Depth
(cm)
Earth'’s surface
40 / // // /// // Figure 9 Calibrating the role of percolation
80 by using simultaneously operated probes,
/ / / every one with a different inclination relative
160 to vertical direction. See text.
320
Probes with varying inclination
Vertical
probes

18 For instance, thResearch Branchf Agriculture and AgriFood Canadain the framework of an environmental

monitoring program in Northwest Territories managedBEKC (Arctic Borderlands Ecological Knowledge @p),
sincel997edablished at two sites (Eagle Plains, and Old Crow) soil temperature rec@fsnat50 cmdepth. But it

appears that they were not aware of the large amount of data collected by, and of the related studies made by, the Tang
school.
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This controversial item certainly played a role for keeping specialists skeptical about shallow geotherms.
Nevertheless, it is much reasonable to guess that one single geothermal record can eventually be unreliable.
But, whenever we deal with a huge numbggeotherms, statistically the largest number of them is very

likely to be physically significant, and not largely affected by water percolation or by some other unwanted
disturbance.

Owing to brevity purposes, it is strictly impossible even to mertare a few of the Tang school findings.
Consider also the uncertainties that affect these records and derive from the often unknown varying
environmental conditions. The Tangwworkers rejected records following periods of rain, or biased by

snow coveetc. Therefore, compared to these unknown environmental biases, maybe, water percolation is
the least concern. In any case, an analogous drawback is shared, in general, by several other kinds of
environmental monitoring. Hence, only the final multipararoetheck can help to discriminate between
significant and nosignificant results.

Indeed, Tang and ew@orkers found convincing results that appear to be very likely to be significant. A few
additional circumstances clwoinvestigatiohsgachd perbapssnbe succes
equivalent success had been possible in other countries).

Indeed, they had available a monitoring network that spans-ecsiiimentalsize region. In addition, it
simply relies on the national meteorological seratene country alonddence, they had no problem of
coordination between networks operated by different administrafitvey. could collect records for
decades, and get an observational database suited to carry out a significant study.

In addition, amaybe paramount advantagas that they had to manage observations dealing with a much
varied territory including the Tibet Plateau. This plateau resulted to be climatically (and unexpectedly) very
interesting. This was not due only to its elevation atsmaelevel. In fact, it was found to be a relevant
anomaly of geothermal flow. According to my interpretation, this anomaly derives from the huge amount of
friction heat, which is caused Iiye presently ongoing orogerprocess underneath HimaldYa.

Thatis, the Tibet Plateau acts like arealtim&ar yi ng Astoved that contribut e:
atmospheric processes and to energy balance, by means of its time varying thermal input into the
atmosphere.

The Chinese Earth scientists describethTi b e t Pl ateau as the AThird Pol e
as one singular feature, similar to the North and South Pole.

Hence, the success of the Tang school derived both from their great skill doukfag perspective, and
also from the picularly lucky environment and circumstances where it was implemented.

In general, however, it is not to be expected that when the same method is applied in other regions, the result
ought necessarily to be equivalently successful. Every region hasctdibrated, depending on its specific
environmental morphology and its different climate drivers.

In any case, it should be stressed that a combined dense network of multiparametric stations, Atgluding
shallow geotherms, and local meteorological parameters, can provide with a composite data set which is

Y They are reviewedral discussed as far as it was possible to me, due to obvious language difficuiti¢ke
aforementioned -8ome set.

8The Joule heat distribution evaluated by means of standard geomagnetic measurements, and which is expected to
occur at the lithosphefasthenosphere boundary, displays a maximum just underneath the Tibet Plateau (unpublished
map, drawn by Xiaoqging Gao, on the basis of the formalism that | envisaged). The reason is that a hotter medium, due
to local friction heat, has a higher electricahductivity, thus implying a higher concentration and channeling of the
planetaryscale induced telluric currents.
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suited to carry out a setfonsistency check of the different collected records, of the state of the crust, and
mostly of the interaction soil/atmospke

By the way, this information appears to be fundamental also in order to test every proposed mechanism
dealing with the coupling between atmosphere and soil, including atmospheric or ionospheric seismic
precursors.

Indeed AE records monitor the timeariation of soil porosity. Hence, the thermal control, by advection of
endogenous fluids, ought to be correlated wiEavariation. In contrast, the thermal interaction
soil/atmosphere ought to be monitored by means of the observed correlation of rogiegrphrameters
and shallow geotherm records, etc.

Summarizing, | recommend to set up a planetary array of composite stations (meteordlagistad|low
geotherms) in order to collect a primary and kasfing data base suited to monitor the vamatbcrustal
stress, including its spacetime propagation through the globe, and its relation and impact on the energy
exchange between soil and atmosphere.

3.1.2.21 Superconductor gravimetry (SG)

At present, a network &5 SGstations is operated in tieorld. They are extremely sensitive (and

expensive) gravimeters, which require a very great care and concern while they are operated. They were
implemented only during comparably recent times.

According to the comparably limited number of papers thataygal, at present they seem to be in the stage
of assessing the dependence, of theirt#amying measured gravity, on the variation of water amount in
subsoil following rainBut, even when they have subtracted all unwanted effects, they display soing vary
signals that as yet cannot be physically interpreted (Iginio Mdrgmiyate communication).

They also recognized (see Crosséwl, 1999;Rosatet al.,2009) that western Europe (which is the region
with the densest number 8fGobservatories) moved tgnddown on one occasion, reminding about the
membrane of a drum, while a station in Ukraine did not move. That is, regions of continental size can
oscillate.

These observations appear to be a very powerful tool that providesnpithcedented and very accurate
observations. Their monitoring of the timarying gravity field, carried out at fixed locations and with a
very great precision, is likely wive information that no other technique could provide.

SinceMarch 2002the s¢ellites GRACE® are operative, and they monitor the time variation of gravity on the
planetary scale. Bl@Gstations represent a key and very sensitive gra@ignhture at a fixed point and at
every instant.

A combination ofSGmonitoring with a local amy of AE recorders, and also shallow geotherms, could
prove decisive for the interpretation of presently unexplaB@dbservations.

In this respect, let us mention a guess for the interpretation, and for the investigation, of the apparently
erratic corelation of the observed impulsive changes either of the spin rate of the Earth, or of pole motion,
occurring in coincidence with some strong earthquake (although not for every strong earthquake).

191 am indebted with Professor Iginio Marson for stressing the rd&&aéchniques.

20 GRACEIs theGravity Recovery And Climatxperiment being a jointNASAi GermanAerospace CenteGRACE

is a pair of satellites that orbit Eadh~500 km height, one clogmehind the other. Through constant interchange of
microwaves the satellites very precisely measieadistance betweeham, and that distance changes as massive
objects below tug at the leadmnd the follower in slightly dferent ways at any given instant. The small discrepancies
so producedan be used to calculate a gravity map. As masses move around, that mapnyél &tefer e.go

Knudsen et a2001) and references therein.
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The weltknown difficulty is that there should be a drammahange of the moment of inertia of the Earth,
which cannot occur by means of any realistic and sufficient amount of mass displacement inside the Earth
body.

A possible interpretation is as follows. Let us begin by considering the great tsunami gatise&lmatra
Andaman earthquake &fecember 282004 A huge tsunamivave crossed the Indianc€an and it later hit
Africa, which is known to be the most firmly rooted continent on the mantle. This huge wave determined
some kind of Aomsedquéndrecaeilfthiit eftedted the astcbnomicat motion of the Earth.

Consider now a general strong earthquake, which causes no tsunami.

The inner core is generally represented as an approximately spherical object, although there is no reason to
believe that it is really spherical. It is possible, and even very likely, that is dislanesbumps. But their
locationand relative radiaéxtension are unknown.

When a strong earthquake occurs, the most relevant percent of its energy is injected inside the Earth body.
For instance, in the aforementioned case history of the Suvhattaman tsunami, the earthquake occurred

on December 282004, with magnitude betweed,, = 9.1 - 9.3, and a duration betwe@n3- 10 min(it is

reported as the longest earthquake ever observed). The hypocenter was in the Indiafl @ckaoff the

western coast of northern Sumatra, at a dep80dm The Sund megathrust ruptured for a length of

~1300 km It caused, maybe, ov2ir5,000causalities.

The tsunami was caused by a sudden vertical rise of the seabed by several meters. According to Bondevik
(2008), the earthquakevithin a few minutes . . . droveetihindeAustralian tectonic plate an average 18
m beneath the Burm&unda plate

Its energy was equivalent t& 2 10" J = 20. PJ[Peta] (Pearce and Holmes, 2005) a couple of orders of
magnitude less than the energy released in its trigger earthgdetording tdJSGSestimates, altogether
earthquake and tsunami released at Earth's suvfaecel 10. PJ = 1.1% 10'" J (which caused the damages),
and a total work spent through whole EarttMpf ~4.0 3 1072 J = 40. ZJ[Zetta]. A seismic oscillation at
Earth's surface was observed u2@30 cm A 0.02 mmcomplex harmonic oscillation of Earth's surface
was still detected bifebruary 2005Its effects faded off 4 monthsafter the earthquake (Virtanen, 2006).

Therefore a stmg earthquake generates a wave that crosses through the fluid outer core, and that finally hits

the inner core. If the bumps of the inner core are suitably located in space relative to the hypocenter location

of the triggeri ng oearutrhsqgwank e,t a sfismwillaor |ef fteoctt he af
Africa). Hence the total inertia vector of the Ear
only as a change of the astronomical motion of the Earth.

This is speculation, Ut it can be checked by observations. In fact, describe the figure of the inner core by

means of a spherical harmonic expans®HE) perfectly analogous to the algorithm used in geodesy to
describe the figure of Ea rstrongearthquakesfaadoetheir €spacivé d er a
corresponding perturbations, observed on the astronomical motion of the Earth. By means of a least square

fit, compute the coefficients of the aforementioSE

By this, the figure of th@ner core is actugl measuredltogether with its unknown (although at present
very speculative) motion relative to Earthds surf a

1 This implies a conspicuous impulse of crustal stress. This is consistent with the effect, mentioned in section 3.1.1,
which is seemingly originated by the loading tide of the Pacific Owesiar on the Eurasia shelf, and that triggers a
crustal stress that is later observedHsyAE in central Italy and in the lonian Islands (Greece).
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At this point, theSGrecords, measured with great precision at a few (at pr@sgent s el ect ed point s
surface, ought to monit@nd check the time variation of bump locations on the inner core, hence its rotation
relative to Earthés surface.

3.21 Locationin spacei L o ¢ a | Af orecastod

An earthquake is the result of a strictly local release by an active fault, as a responggs@forustal

stress, which always involves a much larger region. Hence, we must focus on local crustal morphological
features, if we want to guess any kind of realistic local alert.

I n principle, a | ocal A@f orinboomat®r similacta that used for teellaega s ed b
scale fiforecasto. The concern is about the detail
monitoring technique, in addition to its enfoars, and to its feasibility and management.

On a pactical basis, the best and most detailed spdoemation about the local seismic hazard is given by
the geological and tectonic knowledge of every given site, and by the historical time series of seismicity.
That is, a detailed knowledge ought to bkiaeed of the different minor crustal blocks of a given hazard
area. For instance, although on a very large spatial $valeget al (2011)successfully afforded to
implement a model of several different blocks that compose the Chinese crust. Theyrrelied
multiparametric information and mostly on the historical data series. By this, they concretely afforded to
envisage what areas have a greater hazard etc.

In the case of much smaller areas, suitable monitoring local arrays must to be implemented.

Therefore, a convenient procedure is to rely on a preliminary alert to be issued by a global monitoring
system. Then, local authorities, on the basis of the local concern dealing with specific areas which are
believed to be more prone to an eventual seisatigity, implement a dense network of monitoring stations
in the area of concern and in its immediate surroundings. This local array is expected to monitor the
evolution of the local crustal stress, in order to locate the most likely position of thetepicen

As far as the choice is concerned of the monitoring technique, upon considering costs, feasibility, and
management (prompt installation and data base availability, plus data analysis that can be carried out in real
time), maybeAE arrays appear most convenient. In addition, by a limited extra cost, shallow geotherm
monitoring can be combined witkE, thus providing additional information, which improves the quality of

the physical interpretation of ongoing phenomena.

One may alsaelaim that, in the final analysis, this kind of monitoring is a much more effective way suited to
manage the same kind of information that, indirectly, gives rise to the sparse occurrence of anomalies of
hydrological and fluid exhalation phenomena.

4.-Time
I n principle, the Aforecasto of the time of an ear
which are more or less reliably used for global monitoring.

Global AE monitoring can provide with the information on the stress propagtitiongh the planetary
crust, thus giving the alert whenever a crustal storm (see Appendix) is crossing through sostalarge
region.

When a local authority is concerned with a potential seismic hazard, they may implemenA& laxcaly
(eventuallysppl emented with shallow geotherms) that can
and the Appendix) thus providing the information needed to issue a local and more precise time alert.
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This applies both to seismprone areas, and also to voloas. A volcano, however, can also be effectively
monitored by means of precursors associated ditheith a likely large change of ground temperature,

which can be monitored by satellite remote sensin§i)ovi t h a r el evant anationfirapi d
that can be monitored either by GPS techniques or by satellite altimelmgAfRRobservations.

But a fAsimpledo, and maybe very reliable, i nformat.i
to microfractoluminescence.

Fractoluminecence, i.e. photon emission when a solid structure is fractured, was successfully investigated
in the laboratory by V. I. Vettegren' and coworkers, atXhE. loffe Physicel'echnical Institute of Russian
Academy of ScienceSt. Petersburg, Russia. \@gtenetal ( 2 01 2 )  snder the impactt,ahBi-O-f
Sibonds are broken an8iO free radicals andsiO centers are formed. Fractoluminescence appears as a
series of flashes with a duration €f0 nsecEachflash is assumed to correspond to the initiation of a
microcrack. The linear sizes of the microcracks estimated from the intensityflafsties and the velocity of
elastic waves range fror7 em to ~40 em, with an average of10 em. The microcracks are guped in
microseries with a duration o# ese¢ which causes modulation of stroAg oscillations by weak
oscillations with a period of8 esec The formation of microcracks with a linear size exceedBjem
causes discontinuities in the time dependenée e . m. Taay dosnet speaify. thie frequency of their
recordedAE.

A related crustal observation is reported by Persiagal (2012). They used a photomultiplier to monitor,

in a totally dark environment, the photon emission released from soil. They operated their instrument in a
dark basement at thewurentian UniversitySudbury, Canada, and found an impressive correlatian of
increased photon emission in coincidence with two very strong and very far away eartl{gigakes10).

120 1
® Japan Mar 2011 9.0 M

110 4 O Chile Feb 2010 8.8 M Figure 10."Median daily numbers of
photon units { unit = 53 10™

100 W m?) recorded by our
90 photomultiplier tube systert §ample
min, 24hours day) during the days

w80+ before, during, and after the Japane
:i_' (closed circles) and Chilean (open
= 701 circles) very strong earthquakes."
8 Figure and captions after Persinger
5 601 al. (2012).
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They ¢ o mniempdak, whick wouldibe equivalent to ab@k@times the photon density over our
background reference range, occurréd 1 daysbefore the major shock. The return to baseline ranges
occurred abouil5-16 daydater.0

TheyalsotresB t h e ¢ 0 n sepedentiinoreases ia cohtinuous photon emissions for days before the
gquakes were9,200 km and9,700 km(surface distance) away from the Chilean and Japanese events,
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respectively, and suggest that very energetic seismic events may be preceded by gtonnehulsions at
a gl obal l evel . 0

However, as they emphasize, several additional case histories are to be investigated before claiming that a
new filawdo has been discovered.

A few items are to be pointed out.

The typical aforementioned time delays, eithbefore or after a very strong shock, may depend also on the
recording location, because the rheology of the crust may be different at different sites.

If such a planetary phenomenon is confirmed, it implies that a huge crustal stress paroxysm involves
anywhere the entire globe durir@-11 dayqor other suitable time lag) before a major earthquake. This
effect ought to be easily detected by a planetary arré&fgplus shallow geotherm) stations, and eventually
it could monitor (if it exists) a spadéne variation of the propagation of such a strong crustal paroxysm.

As far as the Aforecasto is concerFigealdo@d somehe t i me
~80-110 photon unifsmaybe could result to be different on different occasions and at different recording
sites. Hence, a corresponding uncertainty exists on the predicted time.

In any case, the indeterminacy in the case histories of figure 10 is less than the sunmef ldgstbefore
and after the major shock, i.e. it is altogether less #2287 days which is of practical usefulness in order
either to issue an alert and to decide to issue an all clear.

In any case, a local and dense suitable arr&yEdplus evenial shallow geotherm) stations deployed in the
area of some fault, which is known to be in hazard of seismic activation, can effectively monitor the time
evolution of the local ongoing crustal paroxysm. Thus, the local authorities can decide whethestéhe cr
stress eventually approaches somegh@sen threshold and thus they have to issue an alert.

Fractoluminescence (recorded somewhere all over the globe) plus local monitoring of crustal storms and/or
crustal substorms can be very helpful in ordetd@oide when to release an all clear.

It appears that, at present, this is the best that can be done in order to match, on a realistic operative basis,
the societal needs with the ertmairs of scientific understanding. Scientists also have the respiysibi

transfer the correct scientific information to decision makers. But legislation still appears to be the most
serious problem, because in every country it is definitely inadequate.

Considering the seriousness of this great hazard, it must beadtthasthis gap of legislation has a
profound deontological implication.

5.1 Conclusiors

It should be stressed that the synthesis given here is only a very partial and temporary assessment of a
discipline that is likely to experience a rapid evolutias soon as several present hunches are progressively
betterunderstood, both in terms of a collection of a richer observational data base and of the improvement in
the understanding of local and planetary crustal phenomena.

On the other hand, the presétdrature very often appears to be affected by a substantial amount of
confusion, by which several very different approaches are methodologically unrelated one another. Hence,
they raise serious problems of lack of clarity in their respective interpmetaibtential usefulness, and
effectiveness.

The present paper aims only to attempt to begin to put some order into these much disordered issues.
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Consider also that the solar influence in $&anrth relations is such that it affects phenomena that dédal wi
the interaction between soil and atmosphere/magnetosphere, including climatic effects that eventually thus
result, in general, to be somewhat correlated with seismic activity.

For instance, let us recall the correlation betw@&8ii(sea surface tempédume) and seismic activity: some

authors suggest that this is a manifestation of friction heat released from the crust into the sea. A similar
concern deals witkarthquake cloud®ther remarkable investigations are concerned with soil temperature
variations monitored by satellite born radiometry. But, radiometric records have to challenge the disturbance
originated by vegetation etc. No references can be here given.

In general, all these items are hampered by the present poorly understood dmetplegn atmosphere
(both upper and lower) and subsoil. This understanding is severely biased by a sum of paradigms. But this
item requires an independent and long critical discussion to be given elsewhere.

These phenomena are however in any case mdaledn effects, much like it occurs also for every

biological precursor. It is therefore often difficult to interpret their observed correlation. Their detection is
generally much occasional, as it applies only under suitable general conditions. Sorihésiewen

difficult to assess what case histories display an actual correlation, while apparently others, even being
similar, show no correlation at all. Hence, at the present state of the art, these items appear to be still a topic
for hard thinking andesearch, rather than a really useful tool for actual practical application. But, in the
future, every topic can result worthy of greater practical consideration.

Instead, a few key deontological items are to be here strongly emphasized.

It is quiteunacceptable thatwhile tremendous tragedies hit a large number of people and courttrées
scientific community is concerned with debates and controversies that, upon a deeper analysis, often appear
to be real nonsense. A few key points are to bei@tplmentioned.

- One nonsense discussion is between opposing partisans, who claim that earthquakes can be
Apredictedd or Anot 0. N o t h imusgadnutahat thé statefofghe e d i ¢ t ¢
crust can be diagnosed. Denying this (as it isnofiene) is equivalent to claim that it is useless to

carry out research in medical sciences, just because nobody can forecast when a patient will die.

- Suitable multiparametric monitoring is strictly needed in order to issue a reliable diagnosis.
Thismeas t hat n o-offthemabgr irdd@x orquahtigy alone can exist, which is capable

to issue a reliable Aforecasto of an earthgualk
- It is nonsense to pretend to investigate seismic precursors, by consideration of shocks that
occur either when an eaghake occurs or after its occurrence. This means that seismsareter

useful for a statistical posteriorianalysis of phenomena, butfor crustal diagnosis and for

precursors. Medical science cannot proceed only by means of anatomic analysisbafdiesd

or by statistics of mortality: observation and diagnosis is strictly required by means of observation

of patientsbeforedeath.

- I't makes nonsense to discuss whether plate
expansionism, or any other maédiatural reality is multifaceted. Every model relies on much
oversimplifying assumptions, and by this it can explain only very few facets of reality. Very

different geodynamic models can coexist, even when they may appear contradictory with one
anotherThey just rely on different, often unrealistic, assumptions. And often they derive from

much learned and extensive investigations. Every model deserves therefore full respect for the

hard thinking and research which is behind it.

- A prevailing theoryisgeer al |y upgraded to a fAparadi gmo.
The discussion of flupless aadoftep mesponsible wrertitasdoenmhelp

for dramatic societal needs.
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The scientific community must be aware of the moral implicatio maintaining an eventually fierce
competitive discussion on nonsense controversies, while great tragedies are often occurring somewhere.

AHumi | i tyo i s s

trictly r equi raeoitl totwantoempgse ta maturaln a t I
realityourpres el ect ed HAsi mpl e

ur a
0 paradigms (Showstack, 2011

Scientists must transfer the correct information to mass media, to decision makers, to legislators and
governments, so that they can issue suitable laws that allow for an effective managemeralof natur

catastrophes. At present a great legislative gap exists in every country. Every official authority, in the case of

a false alarm, is at present at risk of very severe legal consequences in terhsiod criminal liability.

Therefore, there is avften serious concern, as nobody wants to challenge any even very small probability
that an alert is eventwually not followed by the #dp
some authority prefers not to be informed, as in this wagstrto obligation to decide.

APPENDIX
Methodological items shared by every kind of monitoring

Three key items are to be briefly stressed dealing, respectively(idtbstractions and algorithm(s)
fractal and multifractal analysis, afid) fistormd asuldstofi® concept s.

A.1 - Abstractions and algorithms
Human mind has a |imited capability. Hence, it req
rationale, etc. This is a basic premise for every cognitive process.

Simplificationrequires abstractions in order to simplify the proposed model, and to construct, by means of
abstractions, algorithms suited to exploit a rational interpretation of observations.

El ementary and wel | known abstiilachédnsfiplraned ginnkb
nonEuclidean) geometry, or specific spaces in abstract algebra, etc.

But even the Newton fundamental laws of classical dynamics are just a matter of abstraction, as well as any
axiomatic formulation of every physical thrgpincluding general relativity, or guantum mechanics in its
various formulations, and also every most advanced hypothesis of theoretical physics, etc.

Concerning the rheology of Earthdds crust, the pert
fileasticityo, or i deall éiplaNdgwtcaniyan (fil. wi.d d)h,e etoc.

In natural reality, however, nothing exists which is exactly in agreement with any abstraction. Therefore in
particul ar, no fisolido objjeactt iis perrffeccttlly mMell assttii
Aconductingodo or perfectly HAinsulatingo, etc.

In additionconcerning the algorithms that are mentioned in the present paper, three items are to be recalled.

1) Lognormalityi This property is shared by almost everyteygs, as explained in section
3.1.2.1. It appears almost unbelievable that a concept that was clearly assessed in the early
years 0f1900- and which has several applications in very different disciplines, from natural
sciences (including biology and medicine) through financial and psychological sciences, etc.
- was never clearly assessed as a basic abstract and heuristically much ¢ffeptviey and
algorithm.
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Its axiomatic definition shows that it is a case history of theadled Kapteyn class
distributions (from the renown Dutch astronomer of that time). Refiéapdeyn (1903),
Kapteyn and van Uven (191,&¥rley and Buch (1950Q)rto Paparo and Gregori (2003) for
details.

2) Fractality i This property is shared by almost every kind of phenomena. Or, at least, it
applies to every discipline that deals with some phenomena that behave like a fractal. Other
phenomena do not. It is presigrbeing used in several disciplines (unlike lognormality),
although only since the 197006s fractality h.
property, with its associated algorithms.

Indeed, every abstraction, and the exploitation of its algonstiiesponds to a primary

logical requirement, aimed to match and explain some observations. The primary leading

idea behind fractal analysis has been the repetitiveness of a natural property on different

scale sizes: this property is conventionally cafieelfsimilarityd . Thi s property
holds only inside a given and finite spagae domain. For instance, a Roman broccoli

(which is indicated in every textbook of fractal theory as the best visible natural example of

a fractality) shares se#fimilarity requirements while ranging from the geometrical volume

of the broccoli, until the molecular level, while selimilarity no more exists outside this

space domain. Refer to section A.2 for a brief mention to a simple and elementary fractal
algorithm.

3) Flaw hierarchy lawi It was already defined in section 3.1.2.1. It may be conceived as a
much general property. A key role in its practical definition in every observational case
history is played by the empirical constraint, represented by the fagtélain measure
and monitor always with a given but limited precision and sensitivionly a much
reduced set ad.o.f.of the system. This implies that we can distinguish only some kind of
phenomena, but not others.

Inside this logically constraineghoseologic scenario, we can distinguish a sequence of
different stages in the evolution of a physical system,. For instance, in the case of the
evolution of a fracturing process, one can detect and recognize the evolution of flaws of
different size etc.

The possibility to detect an effect of this kind intrinsically relies therefore also on the

composition and nature of the system. For instance, the application to the historical

earthquakes of China, mentioned in section 3.1.2.1, led to the distinctimeefstages,

closely associated with morphol ogical featul
recognized in that region, etc.

A.2 - Fractal and multifractal analysis

Fractal analysis has now become a classical and standard approach, andes¢lveod are readily

available.Only for the reader who is not yet acquainted with fractals, one very simple algorithm is here

menti oned, which ought to be kimawrheiouniegumethagd. Ear t ho

Let us begin and cordgr atimes er i es of fiyeso events, i . e. i ndepenc
Only its time coordinate is of interest (i.e. this is a 1D variate, but this applies to every other 1D variate other
than time). This kinds odaldlae & is mepoimiks pracdsa ffiiyleestoateive n

time series to span a total time lag of duration

Arbitrar i | y ¢ h o o slengthe, arfidrcavér the tiine ldghby a sequence of contiguous and never
overlapping rulerg. Define a counteN(g) and state thall(e) is the number of rulers that contain at least
one fiyeso even-tkemdcess. he gi ven point
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Repeat the same procedure for different choices Bfotlog N) versudog € and this is called
ARi chardson pl o isthusfoand.dféis foundte hetingar (inkide some interval on
abscissas, say fei ¢¢€ ¢¢,), itis said that in this interval the variate is a fractal.

The tilt of the | i nefraftavdimehsionDe(whenre heitdexslengeasdhatatnec al | e
series of fAyeso events was considered, although th
everyone associated to one parameter, which in general can be dernpted as

The reader should check that a perfectly randomtimése s of fAyes o eDe=k@hedkithst ri ct |
This is in fact one rigorous way by which an i deal
tautological with fArandomo.

If the distribution is not random, this means that every eventthases fAime mor y o of t he occl
events (occurred either before or afterD<il.twhen The ¢
every event has total fAmemoryo of all othtess, all

found D=0 (check it!).

The same procedure applies in a 2D space, such as
geol ogi cal map, represented as a Cartesiancecoordin
is some pe-chosen fixed rectangle. The Richardson plot is aM@yNE) versudog € etc. The (reversed

sign) tilt of the line gives the fractal dimensibg(where the indes denotes that fractal analysis is carried

out in a 2D space, instead of the 1D casBpf

It is thus found that, in the case of an ideal perfect random distribution of faul®s##2igcheck it!), and
that i n the case of isDdlgchdckitt)yeci pr oc al Amemoryo it

That is, this very simple and intuitive argument, which directly relates to some given physical features of the
observed system, directly leads to a much specific quantitative gauge, which measuresitndasélf, i.e.
the fractéity, of the observed phenomenon, inside a suitable sjimesdomain.

The theory ofractals has now becomeawellst abl i shed fAmat hematical 06 theol
algorithms that lead to the same estimate of the fractal dimension, altwpugkans of different
approaches.

It should be stressed, however, that unlike every classical mathematical formulation, fractal theory appears
somewhat anomalous (although perfectly rigorous in its definition) in the fact that it does not start from
someaxiomatic definition with subsequent logical implications. Rather, it makes reference to some data
series of some observations. l'ts purpose is to sin
displayed by the given series. Therefore, carag to standard mathematical analysis, its methods and
rationale appear somewhat Aunusual 0.

For the sake of completeness, it ought to be mentioned that a remarkable generalization has been-envisaged
and it is already frequently applied in the literatuc a | Imeltdractal analysis . The fractal dir
one case history of the parameters that are defined by multifractal algorithms. This analysis applies also to

case histories when the simple fractal analysis does not exhaust the informati®edhtdined inside

observations.

However, different applications of multifractal analysis often rely on very different, although equivalent
algorithms. The final set of parameters is finally evaluated according to much specific assumptions (for
instancedealing with different asymptotic approximations, etc.). There appears to be as yet no general
agreement on the most convenient algorithm to be used, and on the way by which every computed parameter
can be Aintuitivelyod ilmpleatgnr et ed i n terms of its p
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Therefore, it appears that some hard thinking is to be expected before attaining some final assessment of the
real heuristic possibility of this remarkable theory. For brevity, no additional details can be here given.

A.37 AStorm®  a sutbstoims

As mentioned i n s estotmd oasukstod. 2a.rle, btolra otweerdmsf rfiom ge o
magnetosphere. But, these concepts express a very general behavior of several phenomena, and they deal

with almost every discipline.

Theconcegidmdofapipl i es whenever a given physical syste
time, compared to other periods during which it displays quietness.

Such a definition, however, st@andbc o temoftanlysghee x cessi ve
response to a specific input or trigger either by its boundary environment, or by internal processes. Its
general morphology often appears to evolve according to the requirements of lognormality.

As already mentioned in section 3.1.2.tJassical geomagnetic storm, when the sign is reversed of the
geomagnetic horizontal componehtdisplays an approximately lognormal distribution (Campbell, 1996),
although with some relevant scatter. This scatter reflects some lesser intrinsic detailsrgrocesses,
which specify some features of the ongoing evolution of the storm.

These lesser details are indeed the magnetosrstormswhich however are better evidenced by means
of the breakup of polar auroras. Also every substorm displéend that reminds about a lognormal
distribution.

Therefore, in geomagnetism, both storms and substorms respond to the logical implications of lognormality.
A substorm reflects the timing of the propagation of a lack of particle supply inside tha sfystee electric
currents that flow through the magnetospheric tail. The consequent gap of eleotmt affects the
magnetosphere.Bthis holdsonly as long at the lack of current supply flows inside the current system

along the tail of the magnefzere, i.e. typically during2-3 hours

Owing to a similar argument, the storm persists long as the $aaje plasma cavity in the solar wind
persists, i.e- a few daystc.

Therefore, in genestoamd ,ofone <wntapdeddery aterzagon afl & ar
strongly perturbed periods, and of quiet periods of time. In addition, if a lognormal distribution is eventually
observed even though more or less approximatetlgen one may envisage a process that responds to the
requiremets of the abstraction of lognormality. But this additional requirement is not a strict condition, as it
is an optional feature to be eventually observed.

I n addi ti on, inside one fAstor mo, one may petecent ual |
as the manifestation of some internal process that occurs, thus explaining a minor detail of the ongoing
macregpr ocess of the fistor mo. In this way, a fisubstor

as long as the observed scatter digplsome hunches that can envisage some better detailed physical
mechanism, thus eventually envisaginguésub-stormetc.

In the case of a rupture phenomenon, this is just
substorms, sulub-storms, &. are subsequent stages of the hierarchy of observations that deseribes th
process. These details depamdthe empirical constraint, as they reflect the human capability to detect and
recognize the timing of the evolution of the ongoing phenomenon.
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In the final analysis, one central logical key is the assessment, inside a higher level of the hierarchy and apart
some lesser scatter, of an approximately lognormal trend. This means that some kind of an (even unknown)
process is ongoing, which is the sufrseveral events, evepne of which happens with a probability

proportional to the number of the same events that are already occurring.

This means, however, that this kind of (unknown) events is eventually going to exhaust. That is, the physical
systemis not in equilibrium: it is steadily evolving towards some final state or event. In the case of the Earth
magnetosphere, the final target is a new state of equilibrium. The magnetospheric storm or substorm thus
represents the physical tirtkelay requiredy the magnetosphere to reach its new equilibrium state, as a
response to an eventual change of its environmental boundary conditions, which are represented by a change
of the solar wind flow.

In the case of a rupture process, the final target is the achievement of a new equilibrium state. That is, the
physical system requires a finite tiffeeg in order to attain its new equilibrium state. It is evolving. It must

evolve towards a target, andghi t ar get eventually implies that the |
on other occasions, maybe the target does not imply a collapse).

Differently stated, we may recognize a lognormal distribution inside some parameters that monitor the

ongong formationof micrec r acks i nside a fAsolido object. But, we
given specific parameter that we are monitoriagd which refers to one specific (eventually unknown)
internalmicrepr ocess of t h-ewniuslly leddsi(ar nag) tora catastraphie collapse of the

physical system.

Let us refer to crustal processes. Dest way to explain conceptstisrefer to an actual case history. As an

example of practical application of these concepts to a specific seismic event (see&@gan10 and

2012) , l et us refer to t he®Aptilaoegmagritae.8om théRiclien a k e ( ma
scale 6.3on themoment magnitude scali caused a severe destruction of ek historical capital of

Abruzzo, with297fatalities).

Figure 11 showsLF AE records carried out durirgf022009at the Raponi site, in the fraction Orchi

(which means AOgreso due to sounds thatetowndbfen come
Foligno in Umbria, central Ital§? This site is very close to the epicenter of the Colfiorito earthquake, which

during SeptembérOctober 199&troke central Italypetween the villages of Nocetémbra and Sellano. It

was a seismic sequence witlhe® main shockd,,=5.6, 5.9 on September 26andM=5.50n October 13.

The impressive spike iRigure 1L, whi ch can be br i ef lisynotandnsttumehtalicr ust al
failure. It is real, a it is shown in the detail dfigure 12 (note, however, thdigure 11is a plot of daily

wei ght ed F@a,v ewigugdel@deals with rawLF AE data). his very large anomaly preceded by

~32days he strongest | 6Aquila shock. Thi s-32idagyssaotvery I
necessarily a Auniversalod | aw.

In fact, on previous occasions, while studying either peninsular Italy or the lonian islands (Greece), we
observed (with cavorkers) strong precursors eitheHir AE or LF AE (either in raw data or iD; series)

with a time advance widely ranging betweefew dayshroughl0 months(see alsd-igure 15). Therefore,

the advance time lag is likely to be much different in different regions, and even much different on different
specific occasions of earthdues striking the same area. Therefore, no-offthumb can be defined.

22| am deeply indebted (together with my coworkers) to the Raponi family who generously hosbeuktfiment.


http://en.wikipedia.org/wiki/Richter_scale
http://en.wikipedia.org/wiki/Richter_scale
http://en.wikipedia.org/wiki/Moment_magnitude_scale
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(2010).
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black; begun at the end Gfctober 208). See text.
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Note also the gentle (with this scale units) seasonal variation, which appears very clear and regular by using
a suitable unit on ordinates (not here shown) and that was tentatively interpreted as the consequence of the
time-varying stress originated blgd loading tide of the Pacific ocean waters on the Eurasia shelf (see

section3.1.1)

A geomagnetic storm is better indicated by means of the horizontal compboétite geomagnetic field,
while a magnetospheric substorm is better detected by meaakofproras breakup. Similarly, in the case
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of crusteadstalsubsieme, i a Better r eve &lKgrebbghowsbie fr act a
both forHF AEandLF AE, and it shows that the substorm feature can be distinguished frdraakground

scatt er crustalsubstorih i iss Aodfistanethre MFEAEE signal (as it must be expected) and shortly
afterwardsin theLF AE signal.Figure 16is the same, with a reduced time span on abscissas, where the two

HF AEandLF AE substormsre shown by two closed ellipses.
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—HF; LF T

EQ magnitude
- o

w
=m

Figure 17represents a detail during the few days that preceded the main destructive shock, which occurred
when the substorm was completed. This means that a fracture process was in progress, as it is displayed by a
lognormal trend. That is, a crustal substorm wagoing. At the end of this process, the crust was certainly

going to attain a new final equilibrium configuration. In this case, the final target was a dramatic crustal
fracture.

Differently stated, when we do observe a crustal substormewer can kawwhether the final target will

be a dramatic fracture of the crust, or not. But, in any case, we do know that, as long as the substorm is in
progress, we cannot claim that the system has atta
the end of the crustal substorm a dramatic shock caur.addote, in the lower plot dfigure 17, the swarm

that preceded the main shock. Several local inhabitants were frightened, and they decided to sleep in

caravans. On the other hand, the panel of gxpwhich is permanently in charge and is appointed by the

national Civil Protection officially stated that no scientific reason could allow them to issue any alert for a
possible forthcoming strong shock.

According to mass media reports, howewaime expert of the panel unduly and unfortunately apparently
released some clearly much reassuring statements: but the shock occurred, and the expert panel was later
sued.

However, ifAE monitoring had been available in real time during those dhgdend of the upper plot of

Figure 17 could effectively envisage that the state of the crust was experiencing a rapid evolution towards a

new equilibrium state. This, maybe, could even imply a conclusive catastrophe of the system. This is
certainlecansottd.a Niggwert hel ess, this is information
occur just at the expected end of an observed and ongoing crustal substorm. That is, only when the crustal
substorm is over, can one issue an all clear.
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Figure 15requres some comments. The data gap during the last mon#@d¥vas caused by lack of
records. ThédF AE substorm occurred800-200 daysefore the main shock, and thE AE substorm some
~200-0 daysbefore the main shock. A perturbation in tHe AE D alsooccurred simultaneously with the
HF AE substorms.

The earthquake struck the city of | 6Aquila, which
the Italian peninsula is not a homostgenmisgedihe fAsol i do
existence of deep sinistratanscurrent faultrossing through the entire peninsula from Anzio to Ancona.

But the evidence is not fully convincing. LO6AqQquil a
Valsinni.

The crustal substm was observed at Valsinni, not at Orchi. At Orchi, howdvgedjsplayed a permanently
much scattered trend in th& AE (green), whileD, in theHF AE (red) abruptly change its trend at the end
of August 2008with a much increased scatter. An attetoghterpret these features could be carried out

only if an array ofAE stations were available through the Italian peninsula.

As a summary of the inference drawn from several investigations on the seismicity of the Italian peninsula,
the following facts seem to be shown by observations. A warning, however, is that every reliable conclusion
ought to rely on an array of at leadesv AE stations, rather than on singdtation records.

During 19961997a crustal storm was ongoing. During this period of time two strong earthquakes occurred:
PotenzaApril 3 1996, M=4.9and Colfiorito,September 76 1997, M=5.7followed by seeral intense
shocks.

During 19982001the availabléAE records are insufficient for any tentative assessment.

During 2002the Molise earthquake occurreddtober 3%, M=5.8). At present, it is impossible to envisage
whether it occurred during a contation of thel9961997 crustal storm or notDuring the period of time
2002May 35", 2008a fiqui et © period occurred.

SinceMay 26", 2008a new crutal storm started (as shownfigures 13 and 14 OnApril 6", 2009the
| 8Aqui |l a ear tMr§31 rkAagust £, 2009a strerdythening occurred of théE AE storm,
and onAugust 28, 20090f theLF AE storm. NoAE records were available aftBecember 2009

But also the use &AE andD, can be misleading. DuringeptembeDecember 2008ystematiAE records
were collected, both at Orchi and at Valsinni. Data were regularly analyzed every two days. For brevity the
plots are not here shown. Only their evidences are here reported.

The simultaneouB, behaviour at Orchi and Valsinni resuticorrelated.

HF AE D appear comparatively less scattered thamAE D. Perhaps, this was a consequence of the fact

that during those months the crustal storm period was manifestedLR g frequency band, while the

HF AEwas already experiencingiaq ui et 06 peri od. This speculation, hc
carrying out a much longe&E records, while data collection was interrupted ditecember 2009

HFAEDdi spl ay an al most steady sequencaduratof, althoeghmi n gl y
every fAsubstormd never fully compl et ewhichithe srustalr e nd .
substorm ofFigures 15,16and 17 s i nt erpreted as the Acorrecto pr e
alert had to be issued on several occasions (in the order of one every week or even more frequently).

But, in any case, the epicentre location was unknown on the basis of ttisractwoAE stations alone. It
was only known that, since every crustal #Asubstorn
the Italian peninsula somewhere south of the Augicona fault.



New Concepts in Glmal Tectonics Newsletter, no. 65, Decem2€x12. www.ncgt.org 9¢

Thisis speculatorOn a sound and realistic basis it appears
period was in progress. The lItalian peninsudad maybe mostly its part south of the AR2incona fault

was permanently shocked. Hence, several crustal comigomere suffering by fracturing processes. The
phenomenon was monitored bif AE better than byHF AE asLF AErefer to a comparatively more

advanced stage of the ageing of crustal structures.

That is, the fracturing processes were ongoing at varices sitthough luckily none never reached a
threshold sufficient to generate a destructive shock. In this case, one might cldif A&aD apparently
resulted suited to Aforecastodo this kind of fractur

It should be stressed that, on the basis of this observational evidence alone, all this could be mere
speculation, devoid of any actual relation with natural reality.

In principle, this dilemma cannot be solved upon relyind\&rrecords carried out siaftaneously at two

stations alone. One should rather rely on a suitable array oHbO&E andLF AE stations, and one should
match the resulting diagnostic information inside the general geological framework of the knowledge of the
tectonic setting andatilting of every given area.

A realistic final assessment of the hazard and risk of every given area can therefore be finally assessed only
when all diagnostic information can be implemented into a realistic crustal model in that given afda, and
monitoring certainly appears to be a leading tool according to this perspective.

Mostly, one should envisadie specific active fault that might be the site of the epicentre, and should
implement a dense array AE stations etc. (as per section 3.2).

Summaizing, this shows that precursors amveridentical in different case histories, and one must always
be extremely careful before claiming to have made

Much like in medical sciences the knowledge of a pathois improved by wealthier statistics of

investigated case histories, it appears fundamental to collect a large number of case histories dealing with
earthquakes (or even better, with the Acrustal sto
earthquake) that strike the same area. The purpose ought to assess whether one given precursor can be more
or less reliable, or how frequently it is repetitive or not. That is, the assessment of the reliability of a

precursor relies on an expegsearchonthmor phol ogy of the fisei smicodo beha
of the tectonic structures in every given area.

No simple ruleof-thumb can be envisaged that relies on one parameter alone. Multiparametric monitoring is
fundamental, and it should be as dethés possible.
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ATo achieve anything really worthwhile in re
to go against the opinions of onebds fell
Sir Fred Hoyle, inHome Is Where the Wind Blows

Abstract: During the reign of plate tectonics, the tectonic evolution of the Middle East has been turned into a never
ending ad hoc situatiohwithout trustworthy phenomenological coherentn an attempt to get out of this deadlock

the geological evolution of the regidrstretching from India in the east to Turkey in the weistinterpreted within a

new global evolutionary scheme: Global Wrench Tectonics. In working out the new gabiteyielopment pattern,

we start with the prplate tectonics notion of the Tethiyan extended #V running epicontinental seaway along the
southern fringes of Eurasia, including the Middle East. During the Alpine tectonic revolution, the Tethyarsaxis wa
close to the timequivalent palaeoequator; and as the paéap@torial zone is a crucial geographical belt for inertia
based wrench deformation of the lithosphere, the Middle East Tethys sector underwent a tectonic cataclysm during
which the epicontinatal Tethys disappeared completely. Lithospheric Alpine age wrenching led to significant overall
transpression of the Tethyan basement giving rise to marginal thrust belts, transcurrent faulting, ophiolite formation,
and tectonic rotation of both externadind internally located continental blocks. For example, palaeomagnetic
evidence, fault plane solutions, GPS velocity vectors, along with structural data suggest that the Central fran micro
continentahssembly including thelLut Block - were subjectedbita significant counter clockwise rotation in response
of Upper Cretaceoulsower Tertiary transpressive deformation. Furthermore, evideuggests that the many

kilometers thick salt accumulations of the Middle Easncluding the major InfraCambrian Homoz sequence, the
Neogene basins of Iran, the Red Sea and the Dead Sea depiiess®nslikely to be of evaporitic origin; instead,

they are much more likely precipitates of episodic ejections of high concentration brines from the upper mantle. The
upward surging of asthenosphenmteriali including magma, solid state upper mantle material (building up surface
ophiolites), and transport of the whole diversity of metal compourglsightly associated with changes in Earth

rotation.

Keywods: The Middle East Tethys, Alpine tectonic revolution, transpressive deformation, tectonic rotations, formation
of major salt basins

The classical Tethys seaway; dynamtectonic and environmental implications

L ike other prominent mountain ranges on Earth, the Alpiimealaya chain has long been referred to as
anorogenic belt driven by tectonicallyproduced crustal thickening and related buoyancy. However,

all mountain ranges are apparently newcomers in Béstoryi having been uplifted primarily during the

last 5 million years (e.g. Sonnenfeld, 1981; Stoneley, 1981; Gansser, 1991; Ollier, 1992; Ollier and Pain,
2000), regardless of the tectonic history of their underlying crust. Hence, the old and stdr pepn of

mountain buildingbased on the principle of isostasy, is apparently no longer rooted in facts (cf. Storetvedt,
1997, 2003 and 2010). On the other hand, the buoyant forces behind crustal uplift are most likely associated
with deep lithospheritault zones along with associated segments of anomalous and buoyant uppef mantle

a growing fact that call for radical changes of many inbred opinions about the working of the Earth
(Storetvedt2003 anc2011).
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It is an old recognition that long befaiee late Cretaceotesarly Tertiary tectonic upheaval along the
Alpine-Himalayan axis, this crustal belt was the site of an extensiveveastrunning shallow

epicontinental seawdythe Tethys, a notion originally conceived by Neumayr (1885) and subdbquen

el aborated in tectonic terms by STss (1893 and 190
followed along a shallow ridge which delimited the seaway from another extensive epicontinental sea
Paratethys (cf. Sonnenfeltio81 for etensive bibliography) which covered larger areas of Central Europe

and western Asia (sd€g. 1) . Because of its repeated isolation f
stratigraphy of the Paratethys is difficult to correlate with the depositional redsed¢here. A similar

situation was apparently the case for the Tethys. In an extensive review volume, Sonnenfeld (1981) states

that throughout Palaeozoic and Mesozoic times the south and north shores of the Tethys were in the same
climatic belts; the fossilecord shows a much greater variability along the length of the seaway than across

it. Already at an early stage of investigation, it was conceded that the Tethys frequently developed a

persistently closeth palaeegeography characterized by fauna endenii described as distinctly different

from that of the Paratethys. The largely endemic nature of the Tethys, as well as of the Paratethys, was
probably aided by intermi-hdsinnd dtervanh openreé nifd gdrsa |
For longer periods of time, the two epicontinental seas covered major parts Eurasia.

Due to the occasional presence of malicamafic metamorphic rocks of late Palaeozoic and Jurassic
Cretaceous ages, often forming discontinuous sinuous belts within theai éthct (e.g. Ernst, 1972; Ghazi

et al., 2004; Shirdashtzadeh et al., 2010; Torabi, 2011), suggests that alsélpinedime tectonic activity

along the Tethyan axis had led to diapiric remobilization ofdi@nsity serpentinized upper mantle materia

T to form surface mélanges of ophiolites. During the Jurassic, for example, the Tethys Basin became
tectonically disrupted, giving rise to a heestdgraben topography with resulting diverse water depths
(Trimpy, 1965 and 1971; Falcon, 1967; Stockli@68). At that time, the Sea seems to have advanced as

far west as the Caribbean, depositing widespread layers of salt in Central America and the southern United
States (Aubouin et al., 1977)an accumulation that was superseded by basement rupturepidid ra

subsiding depressions filled with shale and turbidities (Schifiittg, 1977). The depositional conditions

were governed by stagnant water masses and development of faunal endemism, but a passage to the Pacific
may have been open at times (Halla®77). Thus, the Mesozoic basin of the proposed Caribbean Tethys
seems to correlate well with its megeale Eurasian province. However, the Tethyan basin had had a long
pre-Mesozoic history forming a protracted geosyncline that developed along a fundahtectonic

fracture zone implanted into the brittle crust already by late Archaean time.

It is traditionally thought that by the late Archaean a certain outer layer of the plaeated primarily by

an original surface concentration of radithae elements (see Storetvedt, 201 Had cooled sufficiently to

acquire brittle conditions; thus, it was hypothesized that a certain surface (lithospheric) layer had been
subjected to a minor degree of shrinking thereby occasioning two relatively dergrengendicular great

circle contraction fractures (cf. Wilson, 1954 and references therein). Inferentially, one of these deep
dislocations circumscribed the present Pacific, while the second-soatgafracture followed along what is

now the AlpineHimalaya axis. The tran&tlantic and trand?acific branches of the second deep fracture
(Benioff Zone) were thought to have been submerged and somehow disrupted by late Mesozoic crustal
breakdown processes. Wilson apparently followed the classical vievelstizely narrow eastvest

trending Tethyan geosyncline, and from his global tectonic reasoning this epicontinental sea represented an
original world-encircling (greatircle) basiri ultimately broken up in prélpine times. From present rock
evidence dgeoceanic basins of any significance did not exist prior to the Cretaceous, so for most of its
lifetime the epicontinental Tethys apparently extended uninterrupted across the Atfatitiwing along

the hypotWbegiunemd n@E consr hoti Wnl 6§oad6umardet Apr edomi r
dislocationi represented by preseaidy Pacific Benioff Zone sectioiisthe original greatircle fracture has
subsequently been tectonically deformed, notably in the SW Pacific, by Alpine age wrench forces
(Storetvedt, 1997 and 2003).

In consequence of the dynamic instability responsible the ArcHarmdarozoic boundary (around 2.5
billion years ago), inferentially caused by redistribution of internal mass (Store208®), the Earth finally
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setttedinanew spati al position (relativelspauifietlyéds ecl i pt i «
inferred palaeoequator, probably representing most of the Proterozoic and part of the early Palaeozoic, is
sketched out ifrig. 1. Consistent with this ancierglative equator (see Storetvedt 1997, 2003, 2005 and
2011), the corresponding palaeomagnetic poles defi
25eN and ca. 115eW, 25eS respectivel ygauer(@902),act, t h
defined by a combination of fossil palaeoclimate evidence and the late Precambrian global tectonic
arrangement, fits surprisingly well with that based on modern palaeomagnetic data.

According to the palaeogeographic settindriof. 1, it follows that in late Precambrian and early Palaeozoic
times there must have been significant latitudinal variation along the Tethys: thus, Iberia and NW Africa
were situated in the sttbopics, while the palaeolatitudes increased eastward towards a pititay sEthe
Iran-Pakistan region. According to Wolfart (1967), the ancient Tethys of the Middle East was at all epochs
experiencing shallow water cont i neolarladatodeposi ti on.
accumulation of a considerable thiglas of InfraCambrian halogenic deposits took place: the Hormuz salt
basini extending from the Persian Gulf region to the Salt Range of western Pakistan. In Pakistan this high
latitude salt series, consisting of alternating sequences of gypsum, antgdritegrl, and rock salt, have
estimated thicknesses exceeding 1000m (Zharkov, 1981 and references therein). But in the Persian Gulf
Basin the Ned’roterozoic Hormuz salt series have thicknesses ranging from 1.5 to 4 km (Edgell, 1996). Salt
deposits of anyhickness are traditionally referred to as evaporates, despite the fact that modern salt deposits
rarely exceed aggregate thicknesses of 20 metres (Schmaltz, 1969). According to Sonnenfeld (1984) it is
difficult (or impossible) to envisage major thicknes®f layered salt deposits in terms of an evaporitic

origini owing to the multitude of unlikely environmental requirements to be fulfilled in such cases. This
would be even more problematic in a polar settisgich as in the case of the thick Hormoz satjuence

(see below).

¢

Fig. 1. Diagram shows the western branch of the Tethys and Paratethys seas (medium blue) in present geography.
During the Palaeozoic and Mesozoic history of the Tethys, the Earth made a number of spatial reorientations (re
settings of the globe relative to thdiptic, see Fig. 3). The diagram shows the ls@@mbrian palaegeographic

situation during which the palaeoequator passed across Arctic Canada with further continuation along the Central and
South Atlantici with corresponding geographic poles in thgioes of Pakistan and SE. Pacific respectively (cf.

Storetvedt 2003, 2005). In other words, the major {@feenbrian sequence of the Middle East salt deposit formed

under polar conditions (approximate polar location marked in red) and is very unlikelfpthdn have formed by
evaporation.

In general, major salt basins often show linear outline suggesting that they aoefdrdtied. To cite
Sonnenfeld (1984, p. 398): AThe tectonic instabil:i
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act as conduits for the basaltic lavas so often associated with thick salt sequences. The continuity of facies

over wide areas without any significant deformation corroborates such vertical subsidence of blocks of great
areal extent 0. linea évidemor,iit is ¢jkely thabtme majdr Arabia/lran/Pakistan salt pan

evolved as products of planetary degassing. the salts are precipitates from higgmcentration brines (of
tmevarying chemical composi tioo ratherthan bging prddectd of Surfacan t h e
evaporation. Thus, basin subsidence caused by degaskitey sulrrustal loss to the mantle, would

naturally cause hydrostatic pressure increase in the vealatil@ipper mantlé periodically setting off

sufc e 6exhal ationd of an assortment of volcanic gas
(cf. Storetvedt,, 2003, 2010a and 2011). It seems reasonable to conclude therefore that the major salt
deposits of the Tet hy asintdtrialdlehhssirigéhd ard thesefore withoutfamyo m E ar
palaeoclimate significance.

From studies of the length of dayy evaluation of sedimentary rhythms caused by the ebb and flow of the
tides, and counts of growth rings in fossil shéllsis inferred that in the distant geological past the Earth

rotated a good deal faster than now (e.g. Wells, 1963; Creer, 1975; Rosenberg, 1997). For example,
Rosenberg (1997), discussing the fossil clocks provided by tidal depositional rhythms, concluded that in the
latest Precambrian (some 900 m.y. ago) there were as many as 440 daysipas\geanpared with the

estimated ca. 420 days per year during the Ordovician and 400 days in the Devonian year. It follows that the
Earth seems to have experienced an ovdmilisg at least since the late Precambrian. However, changes in
Earth rotatiori by variation in spin rate as well as through events of true polar wander (spatigmnition

of the planet with associated resetting of the equatorial bulgaye beengsodic phenomena. These
changes in the Earthdés moment of inertia, triggeri
seem to be intimately associated with revolutions in Earth history. Hence, shifts in planetary rotation are
likely to have tiggered latitudedependent lithospheric torsion (wrenching) giving rise to tectonic belt
formationi besides being the dynamic rationale behind the relatively distinct geological time boundaries
(see Storetvedt, 2003).

More than 100 years ago, Kreichg@a1902) argued for a close link between tectonic belt formation and
changes in Earth rotation, and Global Wrench Tectdnasheory that came to light through quite different

sets of observation than that of Kreichgaiuers arrived at the same corsin. It follows that tectonic

belts have formed in two palageographical settings; they have developed as irgnitran shear belts

either (1) along the timequivalent palaeequator, or (2) in rifted zones at steep angles to their

corresponding equait. For example, the progressive southward shift of Acadian, Hercynian and Alpine fold
belts across Europe is in harmony with the corresponding shift ofetimizalent palaeequators and fall in
category (1). On the other hand, the Oslo Rift and Uraligele developed in neperpendicular

orientation versus the relative late Palaeozoic equator, while structures like the Rhine Graben and Bress
Graben have formed as rifted basins perpendicular to the Alpine equator (which ran along the Mediterranean
region, see below). This simple inertial principle explains why the Tethyan belt, particularly on its northern
shores, shows segments of Hercynian tectonics, in addition to the much more strongly developed Alpine
deformation; as wrench forces have their stemtgffect along equatorial belts, this difference in tectonic
intensity is simply explained by the fact that the Hercynian equator (cutting across Central Europe) was a bit
north of the main Tethyan basin and the Alpine equator.

Due to the elatively fast rotation rate during Inf@ambrian time, the Earth was prone to develop mega

scale rift structures in ne@erpendicular orientation vs. the corresponding equiigr {). Thus, major

tectonic structures like the Grenville Belt of North Arnitca, the Pawfrican Belt, and the Easifrican/Red

Sea Rift system are examples of mega scale ruptures that broke away from the PregartyzBialacozoic
equator. Al so, the major structuralSdéldtgmeee nt s of
below) most likely formed during the same rifting process, paving the way for the expulsion of high
concentration mantle brines from which the regional kfeenbrian salt sequence precipitated. A geological
profile across the Persian Gulf, tvithe Hormuz salt sequence capping the crystalline basement, is depicted

in Fig. 2. Salt plugs are very widespread in the Persian Gaifd many regional diapiric islands owe their

origin to the extrusion and remobilization of the thick Inffambrian sallayer. These elongate salt domes
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apparently followed reactivated tectonic discontinuities in the Precambrian basement (e.g. Edgell, 1991;
Nasir et al., 2008).

According to Ala (1974) InfraCambrian salt began to mobilize in the late Cretaceous, botdfweity of

surface domes in the Gulf, transporting rocks from the deep@#nabrian Complex to surface level, are
apparently of late Eocerearly Oligocene and Miocene ages respectively; indeed, these upshots represent
important tectonamagmatic globapulses. From such observations, it seems likely that all major Eocene
Oligocene and Miocene salt formations in Iran are most readily explained either as 1) diapiric extrusions
from the underlying thick Infra@Cambrian salt layer or 2) as precipitated layfleom highconcentration

brines expelled from the deep interior; whatever mechanism in question, the upward expulsion has
apparently been p o ueetone gulsdsyn assaiatiorhwittsthe dyoyaat anal dissolving
power of supercritical hydies fluids of upper mantle provenance. The ability of supercritical water to break
down solid rocks into mud, on its upward flow through the crystalline crust (owing to its very low density),
is likely to explain the dominance of monotonous mudrocks in nramyan salt basins. Relevant to the
extrusion model, Schléder and Urai (2006) have studied mylonitic shear zones in-Btigenene rock

salts describing processes of deformation and recrystallization in extruded central Iranian(igueErsne
basinsFurthermore, authors like Jackson et al. (1990) and Talbot and Aftabi (2004) have stressed that all
salt basins in Central Iran involve the same two salt sequences: a relatively pure Uppel Boezne
Oligocene accumulation and a more variegated andrendiocene sequence.
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Fig. 2. The diagram displays a geological crsesnon of the Gulf geosyncline, from eastern Arabia to western Iran.
The buoyant Hormuz Salt Series, which is capping the Precambrian crystalline basement, has appearteutithm)
overlying Phanerozoic sedimentary cover; in many cases the Hormuz salt core is exposed in surface diapiric structures
and is probably the main source for all major M&mozoic salt formations in the Persian @tdin region. Numbers
are: 1, Preambrian basement; 2, Infzambrian salt; and nos-Bare LoweiMiddle Palaeozoic, Permian, Triassic,
Jurassic, Cretaceous, Tertiary and Quaternary sediments respectively. Diagram is based on compilation by Beydoun
(1998).

A major geodynamicevent,e sul ti ng from Earthdos degassing and r ¢
would naturally alter the planet 6s rdependenti on char ac
lithospheric wrench deformation. During such events of global unhestilheequivalent equatorial belt

would be particularly disposed to tectonic deformation, a situation that was particularly intensive during the
Alpine climax. At that time (late CretacecE®cene) deep oceans had, for the first time in Earth history,

been established, and it can be expected that the accumulating vatdtilgoper mantlé the asthenosphere

T had, by then, reached a relatively advanced stage. For these reasons, it is concluded that by the end of the
Cretaceous the Earth was tectonicafigre unstable than ever before in its histoeysituation that paved

the way for the Alpine cataclysm (Storetvedt, 2003). Thus, irdrii@nin situ lithospheric wrenching,

triggered by changes in planetary rotation and regulated by the Coriolis, Bkttt a global tectonic

revolution. In this process, tls®uthernpalaeehemisphere was subjecteddmunterclockwisetorsion while
thenorthernpalaeslithospheric cap underwentockwisetorsioni producing an overall westwaxtirected
transpressiveeformation along the palaemuatorial belt (cfFig. 3). This implies that the most intense

Alpine tectonic deformation reactivated the old Precambrian caobingraction dislocatioii along which
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the epicontinental Tethys seaway had had a protraciedogenent. The fact that the higinessure/low
temperature bluschist metamorphism is concentrated to the late Cretadeaas Tertiary time span (see
compilation by Ernst 1972), and particularly developed along the Aldimalaya belt, underscores the
fithess of the wrench tectonic system.

Being located within the general tracts of the Alpine palaeoequator, the Middle East was vulnerable to

relatively strong inertidriggered deformation. With most of the Middle East being located in the southern
palaeehemisphere, at least the Red $=asian Gulf region would have been affected by a certain counter
clockwise tectoni c 0s wi-tegohic reabdniwlsy the Red fea Rith andbthey t he d
predominant structural lineament of the Gulf areioe nt e d s o roleckwisk mrelativedoutire pverall

bearing of the main East African Rift System (which had higher pddditodes, and therefore less affected

by counter clockwise wrench forces during the Alpine climax. As will be discussed ligRBvyelocities

for sites across the Middle East (Reilinger et al., 2006) underscore that the counter clockwise Alpine tectonic
wrenching is still taking place, including also Iran and Turkey.

During the lifetime of the Tethys, the Earth has experiereetimber of true polar wander events which all
corresponds to wektstablished geological time boundaries (see Storetvedt, 2003). For the W Eurasian
branch of the Tethys, the episodic changes of the relative equator led to significant environmental changes
Thus, the sulpolar setting of the Middle East in Inf@@ambrian time gradually changed to lower

palaeolatitudes becoming sukiropical and then tropical during the late Palaeoeaidy Tertiary time span
(seeFig. 3). Fully consistent with this pictaris a recent palaeomagnetic study of lateritic weathering

profiles of Permian age from northern Iran and western Karakoram, Pakistan, by Muttoni et al. (2009); they
report ed -intlndtien pdlaecombgoetic components carried essentially by hewfatiemical

origin isolated in massive, firgrained, and homogeneous ferricrete facies. These laterites originated at
equatorial palaeolatitudes characterized by intense weathering processes under warm and humid climatic
conditionso. Bexttemelywellsintorthe faitlyi statiorsary, fout dynamically active, global
system adhered to above. Speculative propositions of drifting continental slivers (see below) are nothing but
artifacts obscuring an orderly dynastertonic system. When viewedéonjunction withFig. 1, one notices

the progressive changes of palaeolatitudes for the Middlé Eamsn a high latitude subolar setting in
Infra-Cambrian time to subropical to tropical settings during late PalaeoZolmwer Tertiary. Due to this
gradual shift of the Ea-iHimblaysbelswaspariicaldrly prone tewrdneht i o n ,
tectonic processes in Alpine time. With reference to the evolution of the Tethys, we have so far dealt with
an association of geodynamic, tectomicyironmental and palaedimatic issue$ and given them ready

and simple explanations without recourse to unconfirmed plate tectonic principles.
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Fig.3. Diagramé) i |l l ustrates the spatial shifts tonéispebifedbdyar t hos
episodic changes of the relative equator and based on combined palaeoclimate and palaeomagnetic evidence (cf.
Storetvedt 1997, 2003, with earlier references). Diagtgrslows the progressive spatial changes of the Earth for
postMiddle Palaeozoic times in terms of palaeogeographic poles based on palaeomagnetic evidence. Notations are:

LC, Lower Carboniferous; P, Permian; LT, Lower Tertiary; UT, Upper Tertiary.
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Plate tectonicsenforced Tethys Ocean dismissed; factual diversity reintermted

Present state of affairs

The traditional view of the Tethys, as a relatively narrow epicontinental and endemic seaway with mega
scale longitudinal extension, became markedly upset by the continental rearrangements inflicted by the plate
tectonic revolution in the late 1960s. Thush e post ul at ed as s e mibPangaea, f 6al l C
subdivided into a northern Laurasia and a southern Gondivasallted in a prdesozoic Tethys in the

form of an extensive oceanic embayment widening eastward; the longstanding view ofrait sedevay

was regarded olthshioned and set asidevithout a virtue of necessity. Thus, it is presently widely

conceded that a once oceanic pai@iethys had completely fallen victim to Permi@nassic (Cimmerian)
subduction along the suggested treatthe Eurasian palaeshores (including present northern Iran); the

driver of this speculative subduction was rifting and northward spreading of a continental sliver broken off
from the northern margin of the hypothesized Gondwana. An important elentkatRalaed ethys

argument was undoubtedly the sporadic presence of late Permian ophiolitic mélanges along the northern
Tethyan margin$ consisting of a mixture of serpentinized upper mantle maframafic rocks along with

diverse marine sediments, naglays widely thought to be remains of obducted oceanic crust during the final
closure of the Palaebethys Ocean. However, in the alternative global system alluded to above, the late
Palaeozoic ophiolitic occurrences along the Tethyan northern shoresheopddaeeequator associated
formations; in the new interpretation these mafic to ultramafic rocks are of upper mantle provepartiye

of solid state in association with pyroclasics, limestones and cherts. The upper mantle material has been
injectedwithin transtensive segments of the overall transpressive patpgdor aligned fold belt. Hence, to
account for ophiolite occurrences, no hypothetical drifting and colliding continental slivers are needed.

The popular plate tectoniisfected storysubmits that while the Paladethys closed, a Nedethys Ocean

openedup in its wake. During this new spreading phase, for which there are several versions (for a recent
summary, see Muttoni et al., 2009), an extensive but relatively narrow contineraiab$llate Precambrian

and Palaeozoic crust broke off from the southern oceanic Tethys (part of the hypothesized Gondwana),
migrating northward and finally colliding with, and adding to, Eurasia in the Triassic. However, due to the
complexity of Tethyar ur vi | i near ophiolitic belts, the origine
broken up in a mosaic of colliding mictidocks (see for example Desmons, 1982) that make up significant

parts of present day Turkey, Iran, Afghanistan, Tibet and pa&& Asia. Fig. 4 outlines a simplified

version of the hypothesized N&ethys drift model.

North
America

South
America

Fig. 4. lllustration shows a speculative plate tectonics plot of the Pefimiassic continental configuration, favoured
by authors like Van der Voo (1993)& Scotese (2001). Within the alleged eastwaidkning oceanic Tethys,
undergoing spreading and subduction, it is hypothesized that a continental sliver broke off from the southern
(Gondwana) margiin gradually moving northwards, breaking up in subdivisibefore eventually colliding with
Eurasia in the Triassic. Notations are: IR, NW and Central Iran; A, Afghanistan; KK, Karokoram, Pakistan; QT,
Quintang, Tibet. Simplified after Muttoni et al. (2009).
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Based on plate tectonlzased palaegeographianodels, studies of timing, rifting, separation and collisions
of continental blocks, have led to a diversity of proposals €dews, see Gaetani et al. 20@8ampfli et

al., 2002). Numerous research projects and hundreds of papers have been dstadgcofo

palaeomagnetic, sedimentological and tectonic features of the Tethyan rina@rgorsler to elucidate how

the northern and southern margin platforms responded to the alleged opening and closing stages of the
claimed deep oceanic Tethys. From thigioal proposal of a single basin Tethys, three Tethys basins have
so far been proposédddenoted Palaedethys, Meselethys and Cendethys by Metcalf (1996 and 1998).
However, despite a longstanding research effort, there is obviously no satisfaieotificsconclusion

only a flora of propositions, within which unconfirmed plate tectonic principles are taken for granted. In
reviewing the current situation, Dickins (1994) found little or no geological evidence to the plate tectonics
constrained promals. He argued that no critical examination of basic premises had been undertaken in
recent decades, the basic-Mesozoic continental reconfiguration having been accepted with modification
mainly of details.

It seems that the current flow of Tethyasaarch efforts is/has been strongly controlled by a famous
psychological theoryThe ConfirmationBias | n ot her wor @s ,c kb y g¥®62)akauthinf i c
an endless stream of ad hoc theoretical repairs, a ready solution is not in sight. @eeRdideozoic,

Variscan and Alpine fold belts running\® across Eurasia, with southward progressing ages, are currently
regarded products of continental collisions (allegedly giving rise to both folding and uplift of mountain
ranges) have led to a muliipty of Tethys proposals. In the various drift scenarios both larger and smaller
continental masses have migrated northward over greater distacaiéding with Europe and Asia in

various stages, accreting to the Eurasian land mass from China taW\iastepe. In the advance of the

Alpine cataclysm it is proposed that India broke off from Australia and Antarctica in the early Cretaceous.
The possibility that all important observations can be fitted into a much simpler tectonic framework, perhaps
making all the sophisticated plate tectoninflicted ad hoc provisions unnecessary, has been overlooked.

Indiai a pivotal element in global tectonics

The current view is that India in the late Mesozoic was an island continent that drifted northwardd&iousan

of kilometers before it purportedly collided with Asia at around the Cretackartisiry boundary (around

65 my ago) . It is frequently assumed that pal aeoma
scale drift, including a certain countgockwise rotation during its northward travélg. 5gives a

schematic illustration of the popular drift model. However, the-goddrity structure of the palaesomagnetic

field, as for example demonstrated by the Deccan Traps of NW India, presentbignaus basis for

tectonic interpretation. Instead of assuming a mega scale northward translation of¢batsént, an

alternativein situtectonic rotation of the Peninsulac a . 130e i n tihestablsthes c k wi se s el
conformity with the Eurasiapalaeomagnetic reference frame (Storetvedt, 1990, 1997 and 2003). Similarly,

the palaeomagnetic discrepancy between Europe and Africa can be readily accounted for by moderate

relative rotations (in situ) of the two land maskedgthout invoking a farshad oceanic Tethys. By

shifting to an incompatible mobilistic system, regulated by changes in Earth rotation (discussed above), the

real meaning of the mass of factual observations changes too.

According to the alternative palaeomagnetic interpretati@gtiyginal azimuthal orientation of India was
markedly different from that of today; southern India was placed in the region of pdegesastern

Pakistan. Towards the end of the Cretaceous, India was in an unstable position with respect to tectonics: 1)
The subcontinent was located within the tiregjuivalent palaeequatorial region with maximum
wrenching/inertial implication (governed by the Coriolis Effect), 2) its northern boundary was adjacent to
the inferred faulkbounded Tethys basin, and 3) Indias located at the northern extremity of the maje® N
trending shear zone of the Central Indian Ocean. So with the coming of the Alpine climax in the late
Cretaceous, and powered by a certain planetary acceleration, the India block was disposedtto tecton
instability. The situation was not unlike that for Iberia at that time; being bounded by the GiAraltas
Fracture Zone to the south and the North Pyrenean Shear Zone to the north, Iberia became tectonically
squeezed between these two prominent tautes and underwent largeale late Cretaceous rotations (cf.
Storetvedt et al. 1990, 1999). Thus, the tectonic history of India and ibleoith being situated within the
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Alpine palaeeequatorial zoné are apparently intimately connected in term$aojescale tectonic stresses.

In fact, the Tethyan seaway, from north of India (Tibetan region) to the Mediterranean region, lay within the
palaeeequatorial zone (sd€ig. 3) and therefore it was disposed to internal wrench deformation. The
palaecomagnetiliterature presents abundant examples of rawek rotations within the Alpinélimalaya

regioni as demonstrated for the miecontinental blocks of Central Iran (Soffel et, 4996).
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Fig. 5. lllustration shows the hypothesized, exceedingly popular Upper Cretaeadyd ertiary northward translation
of the Indian suizontinent before it allegedly collided with Asia at around the Cretacted&ry boundary. This
model has, however, a lotigt of factual complications. Simplified after www.usgs.org

According to the alternative palaeomagnetic interpretation, the original orientation of India was azimuthally
markedly different from that of today; southern India was placed in the regpmes#niday eastern

Pakistan. But towards the end of the Cretaceous India was in an unstable position with respect to tectonics:
1) The sukcontinent was located within the tireguivalent palaesequatorial region with maximum
wrenching/inertial effect @verned by the Coriolis Force), 2) its northern boundary was adjacent to the
inferred faultbounded Tethys basin, and 3) India was located at the northern extremity of the fBajor N
trending shear zone of the Central Indian Ocean. So with the comingAlpthe climax in the late

Cretaceous, and powered by a certain planetary acceleration, the India block was disposed to tectonic
instability. The situation was not unlike that for Iberia at that time; being bounded by the GiAraltas

Fracture Zone tthe south and the North Pyrenean Shear Zone to the north, Iberia became tectonically
squeezed between these two prominent fault zones and underwersicialeytate Cretaceous rotations (cf.
Storetvedt et a1.1990 andl999). Thus, the tectonic history lofdia and Iberid both being situated within

the Alpine palaeequatorial zoné are apparently intimately connected in terms of lacge tectonic

stresses. In fact, the Tethyan seaway, from north of India (Tibetan region) to the Mediterranealayegion,
within the palaeeequatorial zone (sd€ig. 3) and therefore it was disposed to internal wrench deformation.
The palaeomagnetic and tectonic literature presents abundant examples diflagknmtations within the
Alpine-Himalaya regioni as demonsttad for the micrecontinental blocks of Central Iran (Soffel et al.
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1996).

Elimination of the proposed megaale drifting of India may indeed explain the lack of endemism in Indian
terrestrial fauna (Chatterjee and Hoit&B886, and references therei@n this problem Chatterjee (1992)
wrote: fAThe pal eoposition of India and its travel
plate tectonics. Most reconstructions show peninsular India separating itself from Gondwana, and as an

island cotinent drifting northward for more than 100 m.y. toward its eventual collision with the mainland of

Asia. However, the lack of endemism among Indian Cretaceous terrestrial biota is clearly inconsistent with

the island continent hypothesis. On the contridngse fossils show their closest affinity with those of
Laurasia and Africa, indicating that I ndia maintai
words, the palaeontological evidence concurs with the alternative palaesomagnetic sausimess

powered in situ rotation of the Indian land mass at around the CretaEediasy boundary.

During early rotation stages of the India block, transtensive conditions along the shores of the regional

Tethys seaway (bounding the India block toribeth) expectedly gave way to serpentinized upper mantle
peridotites; these altered, buoyant solid state ultramafic rocks were consequently subjected t@dénsity
hydrostatiedriven diapiric flow along deep faulispreferentially routed into surfacedas, sometimes in

combination with magma of variable composition. These rock associations would then have formed the
ophiolite complexes which occur scattered along the Alpine Himalaya/Tibetan belt. According to the

alternative theory, the Deccan lavasues si on dates from the early stage
Tethyan basin to the north (Storetvedt, 1990, 1997and 2003).

Other geophysical and tectonic aspects

The postulated in situ rotation of India would naturally have caused considerabléctezaativation and
shearing along its border zones and at its basereasing the fracture spacing of affected rocks and thereby
paving the way for increased fluid infiltration from below. Furthermore, emplacement of ophiolite
complexes would take placend advanced crustal oceanization along its original border zones would have
ensued. The resulting seismic effect would be lowered velocities for broader regions of the mobile block
extending from shallow depths down to a more significant low velaoite below, say at 200 km depth,
interrupting the higher velocities of tectonically less affected regions. According to this reasoning, broader
regions of the rotated India lithosphere ought to display lowered seismic velocities (due to tectonic
fracturing while a central core with relatively fast \%
mobile unit. Such expectations appear to coincide with factual observations.

In a Rwave tomography study of the region, Kennett and Widiyantoro (1998nek velocity images at

different depth levels of the upper mantle that apparently fit well with the suggested predictions. The relative
velocity distribution obtained by these authors shows that a sizeable elongated central nucleus of fast
velocities ispresent at a depth of 100 km, but at 250 km there is little expression of a faster velocity
lithosphere; the higher seismic wave speeds of the inner cratonic core having been narrowed down, i
northern India, to a few ceans of smaller dimension. Furthmore, it is noted that, beneath northern India,

the higher velocities at around 250 km tend to form two orthogonal branches, which in the alternative (pre
rotation) configuration become oriented approximatel$ Bnd EW respectively. The orientation ofish

deep orthogonal structure corresponds to that of the glob&lpiree nearorthogonal fracture patteiin
presumably i mplanted into Earthodéds brittle outer | a
Storetvedt and Longhinp2012).

Thelowv el ocity O6collard circumscribing the Indian cr
caused by the inferred tectonic rotation. This motion would in turn have led to enhancehtifieid

eclogitization, in association with acceleratedaghination of the lower crust, isostatic subsidence, and

basin formation. It can be presumed, therefore, that the oceanic embayments surrounding the Indian craton

T the present Bay of Bengal and Arabian Sea, were originally parts of the Greater lothe teait. By

inference, it follows that the two oceanic regions began to form shortly after the tectonic rotation had ceased

T presumably in the early Palaeocene, a prediction that is borne out by a range of geophysical and geological
facts (cf. Storetgdt 2003, p. 267279). Thus, the curvilinear Owen Fracture Zone (OFZ) seems to represent
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the most prominent western tectonic boundary of the clockwise rotation of Greater imidigentially

producing a leflateral shear belt. But also the Owen Ba#im, thincrusted but quasiontinental basin

along the eastern coast of Arabia (see Whitmarsh, 1979), shows clear signs of having participated in this
deformation event.

Following the major clockwise rotation and significant crustal oceanization afrisusnding domains, the

Indian cratonic mass 1#@ocked with Asia in about its present relative position. The rotation has apparently
left a number oftectonp hy si ogr aphic features consistent with |
example, in the NW fabian Sea the northern segment of the combined @eray Ridge/Fracture Zone
exhibits a marked easterly swihdorming a curved and seismically very active fracture zone. To the north

of India, the continental tectoftopographic features form a coll@mound the sulsontinent Fig. 6): from

eastern Pakistan the highly seismic shear belt turn clockwise and continue along the broad band ef major E
W oriented HimalayaiTibetan strikeslip faults before the bunch of tectonic lineaments eventually (in

easten Tibet) turn sharply to SESEi defining a tectonic pattern that is broadly consistent with the

inferred clockwise rotation. The deep lithosphere t t i ng fractures that for med
is thought to have been of paramount importdocéhe rising of buoyant mantle fluids and the associated

uplift of the Tibetan Plateaiualong with its flanking mountain rangésn the late Miocene (Storetvedt

2003). As demonstrated by numerous GPS velocity studies in the HirTatmtan region (focompilation

see Taylor and Yir2009)i for which the general pattern is portrayedrig. 61 show that with respect to
Eurasia the rotational tectonics, incited during the Alpine climax, is apparently still in operation. Further,
considering the majaotation figure for India, dating from Maastrichti®alaeocene times, one would

anticipate finding significant Moho offsets across prominent regional fault Zgnesas have been

observed across other prominent crustal discontinuities, such as thePygnean Fracture Zone

(Daigniers 1982). In fact, a recent seismic study of the Tibetan Plateau, Yue et al. (2012) found a 20 km
Moho offset beneath the northern margin of the Kunlun Mountains, and a 10 km offset across the Jinsha
River fracture zone; i.e. crustal sections with diffetbitknesses were juxtaposed.

Fig. 6. lllustration shows a coleshaded relief map of the Himalajorth India region, from
noaa_world_topo_bathymetric_lg.jpg, overlain by a sketchy display of the GPS site velocityiphtsed on
compilations by BAang et al. (2004) and Taylor and Yin (2009). Note how the GPS velocity pattern, along with the
curved tectonic zones of western Pakistan and +easitern India/western Myanmatr, fit in with the estimated major
clockwise rotation of Greater India; this ¢mental rotation, dating primarily from around the Cretacebesdiary
boundary, is likely to have had significant tectonic effect on the Helmand and &eastdranian micraontinental
blocksi dragging them into counter clockwise rotations. Seeftextrther discussion.



