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EXPERIMENTAL SETUP

Neutron emission measurements by means of helium-3 neutron detectors
were performed on solid test specimens during crushing failure.

The materials used were marble and granite, selected in that they present
a different behaviour in compression failure (i.e., a different brittleness
index) and a different iron content. All the test specimens were of the
same size and shape.

Neutron emissions from the granite test specimens were found to be
about one order of magnitude larger than the natural background level at
the time of failure.

These neutron emissions were caused by piezonuclear reactions that
occurred 1n the granite, but did not occur in the marble.



Specimens

During the experimental analysis four test specimens were used:

 two made of Carrara marble, calcite, specimens P1 and P2;

 two made of Luserna granite, gneiss, specimens P3 and P4;

e all of them measuring 6x6x10 cm?.

This choice was prompted by the consideration that, test specimen dimensions being
the same, different brittleness numbers would cause catastrophic failure in granite, not
in marble.




Testing Machine

The same testing machine was used on all the
test specimens: a standard servo-hydraulic
press Baldwin with a maximum capacity of
500 kN, equipped with control electronics.

The tests were performed 1n piston travel
displacement control by setting, for all the test
specimens, a velocity of 10~ m/s during
compression.




Neutron Detectors

Neutron emission measurements were made by means of a helium-3 detector
placed at a distance of 10 cm from the test specimen.

The detector was enclosed in a polystyrene case to prevent the results from being
altered by impacts and vibrations.




Two views of neutron detection by thermodynamic detectors
type BD (bubble detector/dosimeter)
manufactured by Bubble Technology Industries (BTI)




NEUTRON EMISSION MEASUREMENTS

Before the loading tests

The neutron background was measured at 600 s time intervals to obtain sufficient
statistical data with the detector in the position shown in the previous figure.

The average background count rate was:

(3.8£0.2) x102 cps.

During the loading tests

* The neutron measurements obtained on the two Carrara marble specimens
yielded values comparable with the background, even at the time of test
specimen failure.

* The neutron measurements obtained on the two Luserna granite specimens,
instead, exceeded the background value by about one order of magnitude at the
test specimen failure.




Specimens P3 e P4 in Luserna granite following compression failure.




Specimen P1
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Load vs. time and cps curve for P1 test specimen in Carrara marble.




| Specimen P2
—C— Average Neutron Background (3,8%0,6)x1 0° cps

Load vs. time and cps curve for P2 test specimen in Carrara marble.
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DUCTILE, BRITTLE AND CATASTROPHIC
BEHAVIOUR

ductile
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Energy release and stable vs. unstable stress-strain behaviour



Subsequent stages in the deformation history of a
specimen in compression® ()

S=gl=2c; 5=25]+w; 5>We.
E E

(D Carpinteri, A., “Cusp catastrophe interpretation of fracture instability”’, J. of Mechanics and
Physics of Solids, 37, 567-582 (1989).

(D" Carpinteri, A., Corrado, M., “An extended (fractal) overlapping crack model to describe
crushing size-scale effects in compression”, Eng. Failure Analysis, 16, 2530-2540 (2009).



Stress vs. displacement response
of a specimen in compression

Normal Vertical Catastrophic
softening drop behaviour




Elastic strain energy at the peak load, AE

Test specimen Material AE [J]
Pl Carrara marble 124
P2 Carrara marble 128
P3 Luserna granite 384
P4 Luserna granite 296

Threshold of energy rate for piezonuclear reactions (D V)

a8 7.69x10"'"W — At~0.5ns

At

Extension of the energy release zone:
AX =vAt ~4000m/s x 0.5ns ~ 2um

Comparison with the critical value of the interpenetration

length:

C
AX ~ W, ?

(D Cardone, F., Mignani, R., “Piezonuclear reactions and Lorenz invariance breakdown™, Int. J. of
Modern Physics E, Nuclear Physics, 15 (901), 911-924 (2006).

(IV) Cardone, F., Mignani, R., Deformed Spacetime, Springer, Dordrecht, 2007, chaps 16 -17.



MONOTONIC, CYCLIC, AND VIBRATIONAL

LOADING

Monotonic Load

Neutron emissions were measured on nine Green Luserna stone cylindrical
specimens, of different size and shape (D=28, 56, 112 mm; A= 0.5, 1.0, 2.0)



Monotonic Load: Experimental Results

Granite
Specimen

Average
neutron

background

(1072 cps)
3.17+0.32
3.17+0.32
3.17+£0.32
3.834+0.37
3.844+0.37
4.744+0.46
4.204+0.80
4.20+0.80
4.204+0.80

Count rate
at the

neutron emission

(102 cps)
8.33+3.73
background
background
background
11.67+4.08
25.00+£6.01

background
30.00+£11.10
30.00£10.00

Neutron measurements of specimen P2, P3, P4, P7 yielded values comparable with
the ordinary natural background.

For specimens P1 and P35, the experimental data exceeded the background value
approximately by four times, whereas for specimen P6, P8, P9, the neutron

emissions achieved values by one order of magnitude higher than the ordinary
background.
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Specimen P8
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Specimen P9
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Cyclic Loading

Neutron emissions from compression tests under cyclic loading (frequency= 2 Hz) were
detected by using neutron bubble detectors. Due to anisotropic neutron emission, three

BDT and three BD-PND detectors were positioned at a distance of about 5 cm, all
around the specimen.



Compression test under cyclic loading on
Green Luserna granite specimen
Test 3
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The equivalent neutron dose variation, evaluated during the third cyclic loading
test, 1s shown. An increment of more than twice with respect to the background
level was detected at specimen failure.




Vibrational Loading

Ultrasonic vibration was generated by an high intensity ultrasonic horn working at 20
kHz. The device guarantees a constant amplitude (ranging from 10% to 100%)
independently of changing conditions within the sample. The apparatus consists of a
generator that converts electrical energy to 20 kHz ultrasound, and of a transducer that
switches this energy into mechanical longitudinal vibration of the same frequency.



Experimental Results

Ultrasonic Test on Green Luserna granite specimen
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The equivalent neutron dose, at the end of the test on Basaltic Rock, was 2.62 + 0,53 uSv/h
(Average Background Dose = 41.95 = 0,85 nSv/h).

Equivalent Neutron Dose ~ 5 O
Average Background Dose




Microcraters and Explosions in Basalt Specimens
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DIRECT EVIDENCE: EDS COMPOSITIONAL

ANALYSIS

Two different kinds of samples were examined: (1) polished thin sections, finished with
a standard petrographic sample procedure for what concerns the external surface; (ii)
small portions of fracture surfaces without any kind of preparation for the fracture
surface.

EXTERNAL SURFACE FRACTURE SURFACE

s
1‘.

Polished Thin section 1

Polished Thin section 2

(a) Fracture surface 2 (b)

Quantitative analysis was performed on the collected spectra in order to correlate the
oxides content with the specific crystalline phase and recognized specific variations of
cach element between external and fracture surfaces.



Phengite: Fe concentrations

Fe concentration in Phengiie

External Surf.:
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The distribution of Fe concentrations for the external surfaces show an average value

equal to 6.20%. The distribution of Fe concentrations on the fracture samples shows a
mean value equal to 4.0%. The iron decrease 1s 2.20%.



Phengite: Al concentration

Al concentration In Fheng Ite
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For Al contents, the observed variations show a mass percentage increase approximately

equal to that of Fe. The average increase in the distribution, corresponding to the fracture
surfaces 1s about 2.00% of the phengite mineral.



Phengite: Si, Mg and K concentrations

Trends of the other chemical elements constituting the mineral chemistry in phengite are
considered.

S| concentration in Phengite Mg concentration in Phengite K concentration in Phengite

Mg

B External surface

m External surface
m External surface

o= 050

M= 28.0
e 278
4 oo
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Q

AFracture surface A Fracture surface

AFracture surface

NO VARIATIONS NO VARIATIONS | NO VARIATIONS

Analysis .
Analysis

The S1, Mg, and K concentration distributions are reported for external and fracture
surfaces. In this case, no appreciable variations can be recognized between the
average values.



The evidence emerging from the EDS analyses, that the two values for the 1ron decrease
(—2.20%) and for the Al increase (+2.0%) are approximately equal, 1s really impressive.
This 1ron content reduction corresponds to a relative decrease of 35% with respect to the
previous Fe content, The relative increase in Al content 1s equal to 16%.

External surface Fracture surface Increase/ Increase/
mean value mean value decrease decrease with
(wt%) with respect to respect to the same
phengite element

NO VARIATIONS NO VARIATIONS

NO VARIATIONS NO VARIATIONS

The results of these quantitative analysis represent a direct evidence that
piezonuclear reaction

Fe2? — 2 AlZ] +2 neutrons

has occurred in the rock specimens.



Biotite: Fe concentrations

Fe concentration in Biotite
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Similar analysis can be done for biotite. In this case the distribution of Fe
concentrations for the external surfaces shows an average value of the distribution
equal to 21.20%. On the other hand, the distribution of Fe concentrations on fracture
samples 1s equal to 18.20%.



Biotite: Al, Si and Mg concentrations

Al concentration in Biotite
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Analysis

Similarly, Al mass percentage concentrations are considered in both cases of
external and fracture samples. For Al contents the observed variations show an
average increase of about 1.50% 1n the biotite mineral.



S| concentration In Blotite

Fracture Surf.:
Si content M= 19.60%
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Mg concentration in Biotite
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Biotite: Fe, Al, S1, Mg, and K weight percentage mean values on external and fracture
surfaces. Variations with respect to the mineral (biotite) and to the same element

External surface Fracture surface Increase/ Increase/
mean value mean value decrease decrease with
(wt%) (wt%) with respect to respect to the same
biotite element

Therefore, the Fe decrease (—3.00%) in biotite is counterbalanced by an increase
in Al (+1.50%), S1 (+1.20%), and Mg (+0.70%). Considering these evidences, in
analogy to the previous results, it is possible to assess that another piezonuclear
reaction has been occurred in biotite crystalline phase during the piezonuclear
tests:

Fe;, —Si’, + Mg;) +4 neutrons
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Abziract. The prosant work contains soms meslts of obsar-
watioms of nestvon flux veriations near the Earth's surfece
The Farth's crust i debarmined 1o be a significmt sournce of
tharmeal and slow seutoms, ongizaied from & interaction
betanen the mclai of the clemons of & Eard's crust and
the atmosphore and o —particles, produced by docay of -
dicactive gases (Raden, Thoron and Actinon). In turm, vari-
ations of radicactre gases axdalxtion is connected wid geo-
dymanvical procoses In the Basth™s omst, iclnding sectomic
activity. This detumsined mbition befawan the processes in
tha Earth's orest and seutroes” Sex allow to use variations of
therreal and slow meiees” fux i ordar o chsarvs increas-
ing techomic actvity and to devslop method for dhost-tems
prediction of natural hawards.

1 Imtrodunction

Copspeosition, variations ix e and spatial diseibution of the
pasticles of maclear madiation in the lowwr atmosphars hes
bean simdizd for aboet 50 veam.

Mamy woiemtists wmdied the enargy spectrom and the alt-
mudmal, latiding] and lengitedizal distribution of nentrons”
S in the lower atocephars (Goenbicor et al, 1966;). The
msults of theso siudies by in &% following famcs: aeutron
compomare of mclaar imadiztion in tha h..wah:w-_phm
& :\C\cd:.md ntm.u.. the interaction between high-snerey pr-
oy partiches of coumic origin and mclai of the slements
socisting in the lewer aimsosphers. Vestical comfrol franers of
tha counting rate of merrroms kas 3 i #f the akihde
of 16=17km, while near the Farth's morface the most part
of neuton Sox consists of the particles of thermml enargies
Spozking about wertical coatrel trevarse of mouiroms comt-
ing rats, it's mecassary to ke into considemation the averags
aleation rate of the balloom, which is aboet 30 mimin. 5o
dhring, the stadies of albdmdinel distribotion of meutom n the

Cormesponderece i B b Enshedd)

(oo sred simp mesm )

lower ammecphars balloen Siss through e noar-Sarth lepar
p o the altitedes of several kilomsters in T-8min. Counting
mam in the near-Farth surface layer of the atmosphems: & loar
and in the case of bow detector’s lumon the most par? of the
scianfist, 25 a ks, nenged st commeng mm dring
S min Snch soereging doss not allow to conclwdo amything
vbout dediled character of the dismibution (amd comsequanty
#bout the sources) of Deston compoasnt i S lower atmo-
sphars op to tho altmds of wveral Inlemctars
In 1990 wo laenched a balloon with nestons” desecior
near Apatity, Kol sky peninmla. The tofal sensithw ama of
the detucter was 1500 Such lumen cutput of the do-
vics alloaed to get naliable information per mimut, Figesw |
prescert: the verticall corgrol fraverse of nouinoms” counting
mam, which, in general, is in agreement with the resdts of
other scismtst. Detailed vertical contrel tevane of -
troms” counting mie wp to S altitede of Fkes & prosentod at
small 2xge in Fig. 1. Altteds dopendonce I described with 2
femction:

whar k i in ilometar scals, &,

It's cary to ses r_ara:l:h.—.:-:.nna'a.x o to tha altirada of
2ke, S counting Tt :-".uha]h. d.ld.u.c:ipmd.cu.r."-: al-
trnda.

Latr & device, which allewsd v detect newrons” fhoes
sembancously in two vertical directicns, fom 2nd o the
Earth, was lxemiched writh hallooes i Dolgopradey, Moo
mzim- 18 Fome 1951 ) and in Ryl i, Eamk megiom 13 Febrn-

gy 1992). DCrming the expariment in Dolgopmdmy, which
hc&}lla-ca-m smmar {1991, the vertical contel tavame of
nestrons” coumting rate was not foemd up to approximancly
2km In Bylsk experiment which ook phos in winmr
(1952), freadom of nemtrons’ cownting e fom the als-
tude was not distnctly detectsd (Fig 1) Dhoizg & £t




INDIRECT EVIDENCE: EVOLUTION AND

LOCALIZATION OF METAL ABUNDANCES IN
THE EARTH CRUST

® Based on the disappearance of iron atoms (—25%) and the appearance of
aluminium atoms after the experiments, our conjecture is that the following
nucleolysis or piezonuclear “fission” reaction could have occurred:

Fe « —> 2A1 + 2 neutrons

® The present natural abundance of aluminum (~8% in the Earth crust), which
1s less favoured than iron from a nuclear point of view, 1s possibly due to the

above piezonuclear fission reaction.

® This reaction —less infrequent than we could think— would be activated where
the environment conditions (pressure and temperature) are particularly
severe, and mechanical phenomena of fracture, crushing, fragmentation,
comminution, erosion, friction, etc., may occur.



® If we consider the evolution of the percentages of the most abundant
elements in the Earth crust during the last 4 billion years, we realize
that iron and nickel have drastically diminished, whereas aluminum
and silicon have as much increased:

Fe;, —-Mg;+ Si}, +4 neutrons

Ni5, — 2Si?, +3 neutrons

® It is also interesting to realize that such increases have developed
mainly 1n the tectonic regions, where frictional phenomena between
the continental plates occurred.

® Additional clues and quantitative data will be presented in favour of
the piezonuclear fission reactions.
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Localization of iron mines

I[ron reservoirs

A More than 40 Mt/year
a4 from 10 to 40 Mtl/year

(*) World Iron Ore producers. Available at http://www.mapsofworld.com/minerals/world-iron-ore-producers.html.

(**) World Mineral Resources Map. Available at http://www.mapsofworld.com/world-mineral-map.html.




Localization of Aluminum mines

Aluminum reservoirs

More than 10 Mt/year
from 5 to 10 Mt/year

from1to 5 Mtiyear
from 0.5 to 1 Mt/year

Frtrrrre

Subduction lines and tectonic
plate trenches

Large Andesitic formations (the
Rocky Mountains and the Andes)

(*) World Iron Ore producers. Available at http://www.mapsofworld.com/minerals/world-iron-ore-producers.html.

(**) World Mineral Resources Map. Available at http://www.mapsofworld.com/world-mineral-map.html.
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Concentration (mass %)

5i (~28%)
———Be
PaEC 4
sic240) /
3.8 Billion years ago:
Fe (=7%) + Ni (—0.2%) =
=Al (+3%) + Si (+2.2%) + Mg (+2%)
_ | Fe(~15%)
A2 I - M —— 2.5 Billion years ago:
’F . \ Fe (—4%) + Ni (—0.8%) =
S 1AL1%) g - 4% =Al (+1%) + Si (+2.3%) + Mg (+1.5%)
Ni (~ 1%4) Ni (~ 0.8%) Ni (- 0.01%)
T 1‘;l"—_l_l
4.5 a5 2.5 1.5 0.5 0

Billion vears ago
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Mg(- 6%)

Ca (- 4.5%)

Mg(- 2.8%)

K (~2.8%)
Na(~ 2.3%)
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25 15

Billion years ago

O (~47%)

O (~44%)

C'oncentration (mass %)

25 15 05 0
Billion years ago

3.8 Billion years ago:
Ca (-2.5%) + Mg(-3.2%) =
=K (+1.4%) + Na (+2.1%) + O (+2.2%)

2.5 Billion years ago:
Ca (-1.5%) + Mg(—1.5%) =
=K (+1.3%) + Na (+0.6%) + O (+1.1%)




Piezonuclear reactions in the Earth’s Crust

(1) Fe2, — 2 AL’} +2 neutrons

2 Fe3! — Mg’ +Si’, + 4 neutrons

3) Co3, — AL’} +Si, + 4 neutrons




Piezonuclear reactions in the Earth’s Crust

56 2 . .
(1) Fe3, — 2 Al;] +2 neutrons 4 Nil — 2 Si%® + 3 neutrons

2 Fe3! — Mg’ +Si’, + 4 neutrons (5) Ni)y = Na’> + CL> + 1 neutron

3) Coy, — Al, +Si7, + 4 neutrons © Mg, —>2C¢




Piezonuclear reactions in the Earth’s Crust

56 27 . .
(1) Fe% —> 2A113 + 2 neutrons (4) ngz —> 2 Sllzj + 3 neutrons
2 Fe3! — Mg’ +Si’, + 4 neutrons (5) Ni)y = Na’> + CL> + 1 neutron

3) Coy, — Al, +Si7, + 4 neutrons © Mg, —>2C¢

() Mg?) — Na’’ +H,
) Mg;; — O,° + 4H, + 4 neutrons
© Caj, — Ky +H,

(10Ca;, — 20;° + 4H, + 4 neutrons




Piezonuclear reactions in the Earth’s Crust

56 27 . .
(1) Fe% —> 2A113 + 2 neutrons (4) ngz —> 2 Sllzj + 3 neutrons
2 Fe3! — Mg’ +Si’, + 4 neutrons (5) Ni)y = Na’> + CL> + 1 neutron

3) Coy, — Al, +Si7, + 4 neutrons © Mg, —>2C¢

an Siy, — 2 N
(12) SiZy — C. + 0y
(13) Si’; — O+ 2Hei+ 2H, + 2 neutrons

() Mg;; — Na;; + H,
) Mg;; — O,° + 4H, + 4 neutrons

40 39 1
© Ca,, > Kj; + H,

10Ca?? — 20 + 4H! + 4 neutrons (9 AL, — C+ N;' + 1 neutron




Calcium depletion in the Earth Crust and ocean
formation

Global decrease in Ca (—4.0%) can be counterbalanced by an increase in K (+2.7%) and
H,0 (+1.3%).

40 39 1
Ca,, > K, + H,

Ca,, — 20, + 4H, + 4 neutrons

Considering a mean density of the Earth’Crust over time equal to 3.6 g/cm?® and an average
thickness of 60 km, the mass partial decrease in Ca is about 1.41 x10*! kg.

Considering a global ocean surface of 3.607 x10'* m?, and an average depth of 3950 m,
we obtain a mass of water of about 1.35 x10?! kg.

Mass of H,O in the
oceans today
1.35 x10*! kg

Partial decrease in Ca
1.41 <102 kg P



Piezonuclear effects on Nickel depletion and salinity
level increase in the Mediterranean Sea

Map of the salinity level in the Mediterranean Sea expressed in p.s.u.
The Mediterranean basin 1s characterized by the highest sea salinity level in the World.



Seismic map of the major earthquakes that have occurred over the
last fifteen years in the Mediterranean Fault area.

Earthquake Magnitude

5-6 6—7 More than 7

Ni, — Na’;+ CI> + 1 neutron



CONCLUSIONS

Two piezonuclear fission reaction jumps typical of the Earth Crust:

Fe,s, Co,;, N1, ——> Mg,,,Al;;, 51, —> €, N;, O,

Explanation for: = Sudden variations in the most abundant
elements (including Na,,, K4, Ca,,)

= [ocalization of the resources on the Earth’s Crust

= Great Oxidation Event (2.5 Billion years ago)
and origin of life

= Carbon pollution and climatic variations

= Production of Rn, CO_, neutrons during
carthquakes



POSSIBLE APPLICATION FIELDS

= Short-term prediction and monitoring of earthquakes

= Evaluation of natural production of black carbon and CO, with their
effects on global pollution

= Disposal of radioactive wastes

= Clean nuclear energy production (?)




