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During a preliminary experimental analysis During a preliminary experimental analysis four rock specimensfour rock specimens were used:were used:
•• two made of two made of CarraraCarrara marblemarble, specimens P1 and P2;, specimens P1 and P2;
•• two made of two made of LusernaLuserna granitegranite, specimens P3 and P4; , specimens P3 and P4; 
•• all of them measuring all of them measuring 6x6x10 cm6x6x10 cm33..

P1 P2 P3 P4

NEUTRON EMISSION FROM ROCK SPECIMENSNEUTRON EMISSION FROM ROCK SPECIMENS



P1 P2 P1 P2

P3P4 P3P4

Specimens P1 and P2 in Specimens P1 and P2 in CarraraCarrara marblemarble following compression failure.following compression failure.

Specimens P3 and P4 in Specimens P3 and P4 in LusernaLuserna granitegranite following compression failure.following compression failure.



Load vs. time and cps curve for P1 test specimen of Load vs. time and cps curve for P1 test specimen of CarraraCarrara marble.marble.

Brittle Fracture Experiment on Carrara Marble specimen



Load vs. time and cps curve for P3 test specimen of granite.

Brittle Fracture Experiment on granite specimen



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

P1

P2
P3

P4

P5

P6

P7

P8

P9



Energy emission and stable vs. unstable stressEnergy emission and stable vs. unstable stress--strainstrain behaviourbehaviour
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Subsequent stages in the deformation history Subsequent stages in the deformation history 
of a specimen in of a specimen in compressioncompression(I(I) (II)) (II)

εδ =

(I)(I) CarpinteriCarpinteri, A., , A., ““Cusp catastrophe interpretation of fracture instabilityCusp catastrophe interpretation of fracture instability””, , J. of J. of 
Mechanics and Physics of SolidsMechanics and Physics of Solids, 37, 567, 37, 567--582 (1989).582 (1989).

(II)(II) CarpinteriCarpinteri, A., , A., CorradoCorrado, M., , M., ““An extended (fractal) overlapping crack model to An extended (fractal) overlapping crack model to  
describe crushing sizedescribe crushing size--scale effects in compressionscale effects in compression””, , Eng. Failure AnalysisEng. Failure Analysis, 16, , 16, 
25302530 25402540 (2009)(2009)
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Different Materials Used in the 
Experimental Investigation

● Luserna stone

● Basalt

● Magnetite

● Mortar enriched 
with iron dioxide

● Carrara marble

● Gypsum

● Steel



Compression 
tests under 
monotonic 
displacement 
control

Cyclic loading 
2 Hz

Ultrasonic 
vibration
20 kHz

Cyclic loading 
200 Hz

Uniaxil tensile 
tests

Different Testing Modalities in the 
Experimental Investigation



Granite (Fe ∼ 1.5%)

NEUTRON EMISSION FROM CAVITATION IN NEUTRON EMISSION FROM CAVITATION IN 
LIQUIDS AND FRACTURE IN SOLIDSLIQUIDS AND FRACTURE IN SOLIDS

Basalt (Fe ∼ 15%)

Magnetite (Fe ∼ 75%)

Marble

LIQUIDS − Cavitation

NEUTRON EMISSION

Iron chloride

SOLIDS − Fracture

101 times the Background Level

2.5    times the Background Level
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102 times the Background Levelup to 
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MATERIAL
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The equivalent neutron dose, at the end of the test on basaltic The equivalent neutron dose, at the end of the test on basaltic rock, was  rock, was  
2.62  2.62  ±± 0.53 0.53 mSv/hmSv/h (Average Background Dose = 41.95  (Average Background Dose = 41.95  ±± 0.85 0.85 nSv/hnSv/h).).

Effective Neutron DoseEffective Neutron Dose 
Average Background DoseAverage Background Dose≅≅5050

Cyclic Loading Experiments on Basaltic Rocks





CHEMICAL 
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SCALE  



ENERGY DISPERSIVE XENERGY DISPERSIVE X--RAY SPECTROSCOPY: RAY SPECTROSCOPY: 
COMPOSITIONAL ANALYSIS OF PRODUCT COMPOSITIONAL ANALYSIS OF PRODUCT 

ELEMENTSELEMENTS
Two different kinds of samples were examined: (i) polished thin Two different kinds of samples were examined: (i) polished thin 
sections from the external surface; (ii) small portions from thesections from the external surface; (ii) small portions from the 
fracture surface.fracture surface.



PhengitePhengite (Granite) : Fe concentrations(Granite) : Fe concentrations

External Surf.: 
Fe content = 6.2%

Fracture Surf.:  
Fe content = 4.0%

––2.2%2.2%
Fe content decrease



External Surf.:  
Al content = 12.5%

Fracture Surf.:  
Al content = 14.5%

++22.0%.0%
Al content increase

PhengitePhengite (Granite) : Al concentrations(Granite) : Al concentrations



PhengitePhengite (Granite)(Granite)

2n Al2Fe 27
13

56
26 +→

 
External 
surface 

 mean value  
(wt%) 

Fracture 
surface 

 mean value  
(wt%) 

Increase/ 
decrease 

 with respect to 
Phengite 

Increase/ 
decrease with  

respect to the same 
element 

Fe 6.2 4.0 – 2.2% – 35% 

Al 12.5 14.5 + 2.0% + 16% 

Si 28.0 27.8 NO VARIATIONS NO VARIATIONS 

Mg 0.7 0.8 NO VARIATIONS NO VARIATIONS 

K 8.0 7.7 NO VARIATIONS NO VARIATIONS 



BiotiteBiotite (Granite)(Granite)

2n Al2Fe 27
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56
26 +→

4nSiMgFe 28
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mean value  
(wt%) 

Fracture 
surface  

mean value  
(wt%) 

Increase/ 
decrease 

 with respect to 
Biotite 

Increase/ 
decrease with  

respect to the same 
element 

Fe 21.2 18.2 – 3.0% – 14% 

Al 8.1 9.6 + 1.5% + 18% 

Si 18.4 19.6 + 1.2% + 6% 

Mg 1.5 2.2 + 0.7% + 46% 

K 6.9 7.1 NO VARIATIONS NO VARIATIONS 



Olivine (Basalt)Olivine (Basalt)
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surface  

mean value  
(wt%) 

Fracture 
surface  

mean value  
(wt%) 

Increase/ 
decrease 

 with respect to 
Olivine 

Increase/ 
decrease with  

respect to the same 
element 

Fe 18.4 14.4 – 4.0% – 21% 

Si 18.3 20.5 + 2.2% + 12% 

Mg 21.2 22.8 + 1.6% + 7% 

Ca 0.5 0.5 NO VARIATIONS NO VARIATIONS 
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MagnetiteMagnetite
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decrease 

 with respect to 
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Increase/ 
decrease with  

respect to the same 
element 

Fe 64.8 36.8 – 27.9% – 43% 

Al – 10.1 + 10.1% BEFORE ABSENT 

Mn – 2.2 + 2.2% BEFORE ABSENT 

Si 1.6 10.3 + 8.7% + 540% 

O 31.8 38.5 + 6.7% + 21% 



CarraraCarrara MarbleMarble
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External 
surface  

mean value  
(wt%) 

Fracture 
surface  

mean value  
(wt%) 

Increase/ 
decrease 

 with respect to 
Carrara Marble 

Increase/ 
decrease with  

respect to the same 
element 

Ca 13.4 9.8 – 3.6% – 26% 

Mg 0.7 0.3 – 0.4% – 57% 

O 45.8 36.8 – 9.0% – 19% 

C 40.1 53.1 + 13.0% + 32% 



NEUTRON EMISSION 
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SCALE



f (Hertz)

λ (Metre)

1012 109 106 103 100

10310010 −610 −9 10 −3

HumansInsectsProteins Bacteria Earthquakes

wave velocity = λ × f  ≈ 103 m s–1

WAVELENGTH WAVELENGTH vsvs FREQUENCYFREQUENCY



FRACTOFRACTO--EMISSIONS MEASUREMENTEMISSIONS MEASUREMENT
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PLANCK EQUATIONPLANCK EQUATION

VibrationalVibrational EnergyEnergy vsvs VibrationalVibrational FrequencyFrequency
in the in the AtomicAtomic Lattice Lattice 

E = h × f

0.025 eV = (4.13 ×10–15) eVs × (6.05 × 1012) s–1

(1) (1) TeraHertzTeraHertz phononsphonons presentpresent anan energyenergy equivalentequivalent toto thatthat of of 
thermalthermal neutronsneutrons

(2) (2) TeraHertzTeraHertz phononsphonons presentpresent a a frequencyfrequency equivalentequivalent toto the the 
DebyeDebye frequencyfrequency ((atomicatomic lattice lattice resonanceresonance at 4.79 at 4.79 THzTHz forfor CaCa, , 
6.24 6.24 THzTHz forfor U, and 7.77 U, and 7.77 THzTHz forfor FeFe))



• Volodichev, N.N., Kuzhevskij, B.M., Nechaev, O. Yu., Panasyuk 
M., and Podorolsky M.I., “Lunar periodicity of the neutron 
radiation burst and seismic activity on the Earth”, Proc. of the 
26th International Cosmic Ray Conference, Salt Lake City, 17-25 
August, 1999.

NEUTRON EMISSION FROM EARTHQUAKESNEUTRON EMISSION FROM EARTHQUAKES

• Sigaeva, E., Nechaev, O., Panasyuk, M., Bruns, A., Vladimirsky, B. 
and Kuzmin Yu., “Thermal neutrons’ observations
before the Sumatra earthquake”, Geophysical Research 
Abstracts, 8: 00435 (2006).

• Sobolev, G.A., Shestopalov, I.P., Kharin, E.P. “Implications of  
Solar Flares for the Seismic Activity of the Earth”. Izvestiya, Phys. 
Solid Earth 34: 603-607 (1998).



Neutron flux up to 100 cm–2 s–1 (103 times the background level) 
was detected in correspondence to earthquakes with a magnitude of the 
4th degree in Richter Scale (Volodichev N.N., et al. (1999)).

Seismic activity and neutron flux measurements in the period 1975-1987, 
Kola Peninsula, Russia (Sobolev et al. 1998).



Earthquake Preparation ZoneEarthquake Preparation Zone

R =100.433M+0.60 km (*)

(*) Dobrovolsky I. P., Zubkov S. I., Miachkin V. I., (1979) "Estimation of the size of earthquake 
preparation zones" Pure and Applied Geophysics Volume 117, Issue 5, pp 1025-1044.

● Sumatra 2004 (M = 9.2)

● Chile 2010 (M = 8.8)

● Japan 2011 (M = 9.0)

L’Aquila Earthquake 2009

R

EARTHQUAKE PREPARATION ZONEEARTHQUAKE PREPARATION ZONE



EquivalentEquivalent crack crack sizesize fromfrom 1010‒‒9 9 m m toto 1010‒‒6 6 mm



EquivalentEquivalent crack crack sizesize fromfrom 1010‒‒6 6 m m toto 1010‒‒3 3 mm



EquivalentEquivalent crack crack sizesize fromfrom 1010‒‒3 3 m m toto 10100 0 mm



EquivalentEquivalent crack crack sizesize > > ≈≈ 10100 0 mm



MONITORING OF A GYPSUM MINE IN MURISENGO (ITALY)MONITORING OF A GYPSUM MINE IN MURISENGO (ITALY)

The mine is structured in five levels and a pillar located at 
about 100 meters below the ground level has been subjected 
to a multi-parameter monitoring since July 1st , 2013.



Seismic activity: July 1st, 2013 – June 30, 2017, 
at a distance ≤ 100 km

396 earthquakes with a local magnitude ≥ 1.8 (Richter)

48 seismic swarms (epicentre magnitude 2.5 – 4.7)

MURISENGO



EARTHQUAKE MULTI-MODAL ANALYSIS (First Sem. 2015)
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AE MULTI-MODAL ANALYSIS (First Sem. 2015)
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EME MULTI-MODAL ANALYSIS (First Sem. 2015)
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NE MULTI-MODAL ANALYSIS (First Sem. 2015)
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AE vs EARTHQUAKES (Second Sem. 2013)
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AE vs EARTHQUAKES (Second Sem. 2014)
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AE vs EARTHQUAKES (First Sem. 2016)
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AE vs EARTHQUAKES (Second Sem. 2016)
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AE vs EARTHQUAKES (First Sem. 2017)
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EME vs EARTHQUAKES (First Sem. 2016)
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EME vs EARTHQUAKES (Second Sem. 2016)
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EME vs EARTHQUAKES (First Sem. 2017)

0 15 30 45 60 75 90 105 120 135 150 165 180
0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

0 15 30 45 60 75 90 105 120 135 150 165 180
0

1

2

3

4

5

6

7

8

9

10
FIRST SEMESTER - YEAR 2017

Ep
ic

en
tr

e 
M

ag
ni

tu
de

Days

   Earthquakes distribution

El
ec

tr
om

ag
ne

tic
 E

m
is

si
on

 R
at

e 
(E

M
/d

ay
)

   EM distribution



180 195 210 225 240 255 270 285 300 315 330 345 360
0,0

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

180 195 210 225 240 255 270 285 300 315 330 345 360
0,0

4
5
6
7
8
9
10
11
12
13
14
15

SECOND SEMESTER - YEAR 2013

 

M
ag

ni
tu

de

 Earthquakes distribution

 N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
−2

 d
ay

−1
)

Days

 Neutron distribution

Ep
ic

en
tr

e
M

ag
ni

tu
de

NE vs EARTHQUAKES (Second Sem. 2013)



0 15 30 45 60 75 90 105 120 135 150 165 180
0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

0 15 30 45 60 75 90 105 120 135 150 165 180
4

5

6

7

8

25

30

35

40
M

ag
ni

tu
de

 Earthquakes distribution

FIRST SEMESTER - YEAR 2014

 N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
−2

 d
ay

−1
)

Days

 Neutron distribution

Ep
ic

en
tr

e
M

ag
ni

tu
de

NE vs EARTHQUAKES (First Sem. 2014)



180 195 210 225 240 255 270 285 300 315 330 345 360
0,0
1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

180 195 210 225 240 255 270 285 300 315 330 345 360
0

3

4

5

6

7

8

9

10

11

12
M

ag
ni

tu
de

 Earthquakes distribution

SECOND SEMESTER - YEAR 2014

 N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
−2

 d
ay

−1
)

Days

 Neutron distribution

Ep
ic

en
tr

e
M

ag
ni

tu
de

NE vs EARTHQUAKES (Second Sem. 2014)



0 15 30 45 60 75 90 105 120 135 150 165 180
0,0
1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

0 15 30 45 60 75 90 105 120 135 150 165 180
0,0
3

4

5

6

7

8

9

10
M

ag
ni

tu
de

Days

 Earthquakes distribution

FIRST SEMESTER - YEAR 2015

 N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
−2

 d
ay

−1
)

 

 Neutron distribution

Ep
ic

en
tr

e
M

ag
ni

tu
de

NE vs EARTHQUAKES (First Sem. 2015)



180 195 210 225 240 255 270 285 300 315 330 345 360
0,0
2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

180 195 210 225 240 255 270 285 300 315 330 345 360
3

4

5

6

7

8

36

37

38

M
ag

ni
tu

de

Days

 Earthquakes distribution

SECOND SEMESTER - YEAR 2015

 N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
−2

 d
ay

−1
)

 

 Neutron distribution

Ep
ic

en
tr

e
M

ag
ni

tu
de

NE vs EARTHQUAKES (Second Sem. 2015)



NE vs EARTHQUAKES (First Sem. 2016)

0 15 30 45 60 75 90 105 120 135 150 165 180
0,0

2,0

2,5

3,0

3,5

4,0

4,5

5,0

5,5

6,0

6,5

7,0

7,5

8,0

8,5

0 15 30 45 60 75 90 105 120 135 150 165 180
0

1,5

2,0

2,5

3,0

3,5

4,0

N
eu

tr
on

 F
lu

x 
(X

 1
03  c

m
-2
 d

ay
-1
 )

Days

   Neutron distribution
FIRST SEMESTER - YEAR 2016

Ep
ic

en
tr

e 
M

ag
ni

tu
de

   Earthquakes distribution



NE vs EARTHQUAKES (Second Sem. 2016)
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NE vs EARTHQUAKES (First Sem. 2017)
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FRACTOFRACTO--EMISSION PEAK INTENSITY EMISSION PEAK INTENSITY vsvs 
EARTHQUAKE LOCAL MAGNITUDEEARTHQUAKE LOCAL MAGNITUDE
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CHEMICAL 
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PLANETARY 

SCALE 



(3.8 (3.8 BillionBillion yearsyears ago): ago): 
Fe (Fe (−−7%) + Ni 7%) + Ni ((−−0.2%) = 0.2%) = 
=Al=Al (+3%) + Si (+2.4%) + C (+1.8%)(+3%) + Si (+2.4%) + C (+1.8%)

(2.5 (2.5 BillionBillion yearsyears ago): ago): 
Fe (Fe (−−4%) + Ni 4%) + Ni ((−−0.8%) =0.8%) = 
=Al=Al (+1%) + Si (+2.4%) + C (+1.4%)(+1%) + Si (+2.4%) + C (+1.4%)

Tectonic plate formationTectonic plate formation

Most severe tectonic activityMost severe tectonic activity

IRON DEPLETION IRON DEPLETION vsvs CARBON POLLUTIONCARBON POLLUTION

Ni (0.8%) Ni (0.01%)
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Conjecture about ferrous elements’ 
transformations in the Earth Crust

(1)

(2)

(3)

2n Al2Fe 27
13

56
26 +→

4nSiMgFe 28
14

24
12

56
26 ++→

3nSi 2Ni 28
14

59
28 +→



Magnesium depletionMagnesium depletion and Carbon increment in and Carbon increment in 
the primordial atmospherethe primordial atmosphere

The estimated Mg increase (∼3.2%) is equivalent to the Carbon content in 
the primordial atmosphere:

Assuming a mean density of the Earth Crust equal to 3.6 g/cm3 and a 
thickness of ~60 km, the mass increase in Mg (∼3.5×1021 kg), and therefore 
in C, implies a very high atmospheric pressure.

Primordial atmospheric 
pressure due to C 

increase = ∼660 atm

Primordial atmospheric 
pressure reported by 
other authors = ∼650 

atm (Liu, 2004) 

Liu, L., Liu, L., ““The inception of the oceans and COThe inception of the oceans and CO22--atmosphere in the early history of theatmosphere in the early history of the
EarthEarth””.. Earth Planet. Earth Planet. SciSci. . LettLett.,., 227, 179227, 179––184 (2004) 184 (2004) 

4nSiMgFe 28
14

24
12

56
26 ++→

12
6

24
12 2CMg →



Friday 8 March 2013 10.55 GMT

““What is disturbing scientists is the What is disturbing scientists is the 
acceleration of COacceleration of CO22 concentrations in the concentrations in the 
atmosphere, which is occurring in spite atmosphere, which is occurring in spite 
of attempts by governments to restrain of attempts by governments to restrain 
fossil fuel emissionsfossil fuel emissions””



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

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

Iron reservoirs
More than 40 Mt/year

from 0 to 40 Mt/year

Iron reservoirs
More than 40 Mt/year

from 0 to 40 Mt/year

Localization of iron minesLocalization of iron mines

from 10 to 40 Mt/year



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

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

Localization of Localization of AluminumAluminum minesmines



Map of the salinity level in the Mediterranean Sea expressed in Map of the salinity level in the Mediterranean Sea expressed in p.s.up.s.u. . 
The Mediterranean basin is characterized by the highest sea saliThe Mediterranean basin is characterized by the highest sea salinity nity 
level in the Worldlevel in the World..

Salinity level in the Mediterranean SeaSalinity level in the Mediterranean Sea



Map of the major earthquakes in the last fifteen yearsMap of the major earthquakes in the last fifteen years

Nickel Depletion:Nickel Depletion: 1nClNaNi 35
17

23
11

59
28 ++→



Two Two piezonuclearpiezonuclear fission reaction jumps typical of the  Earth Planet:fission reaction jumps typical of the  Earth Planet:

HIERARCHY OF PIEZONUCLEAR FISSION HIERARCHY OF PIEZONUCLEAR FISSION 
REACTIONSREACTIONS

(NI(NI--FE)FE)

(SI(SI--MA, SIMA, SI--AL)AL)

(Atmosphere)(Atmosphere)

282726 Ni,Co,Fe

141312 Si,Al,Mg

876 O,N,C



3.8 3.8 BillionBillion yearsyears ago: ago: 
Ca (Ca (−−2.5%) + Mg(2.5%) + Mg(−−3.2%) = 3.2%) = 
= K (+1.4%) + = K (+1.4%) + NaNa (+2.1%) + O (+2.2%)(+2.1%) + O (+2.2%)

2.5 2.5 BillionBillion yearsyears ago: ago: 
Ca (Ca (−−1.5%) + Mg(1.5%) + Mg(−−1.5%) = 1.5%) = 
=K=K (+1.3%) + (+1.3%) + NaNa (+0.6%) + O (+1.1%)(+0.6%) + O (+1.1%)

CALCIUM DEPLETION CALCIUM DEPLETION vsvs OCEAN FORMATIONOCEAN FORMATION
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Conjecture about AlkalineConjecture about Alkaline--Earth elementsEarth elements’’ 
transformationstransformations

(1)

(3)

(4)

(2)

1
1

23
11

24
12 HNaMg +→

n2HeH2OMg 4
2

1
1

16
8

24
12 +++→

n4H4O2Ca 1
1

16
8

40
20 ++→

1
1

39
19

40
20 HKCa +→



Conjecture about AlkalineConjecture about Alkaline--Earth elementsEarth elements’’ 
transformationstransformations

Ocean Ocean 
FormationFormation

(1)
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(4)

(2)
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23
11

24
12 HNaMg +→

n2HeH2OMg 4
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24
12 +++→

n4H4O2Ca 1
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20 ++→

1
1

39
19
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20 HKCa +→



Calcium depletionCalcium depletion and ocean formationand ocean formation

Global decrease in Ca ( –4.0%) is counterbalanced by an increase in K 
(+2.7%) and in H2 O (+1.3%).

Assuming a mean density of the Earth Crust equal to 3.6 g/cm3 and a 
thickness of ~60 km, the partial mass decrease in Ca due to the second 
reaction is about 1.40 ×1021 kg.
Considering a global ocean surface of 3.61 ×1014 m2, and an average 
depth of 3950 m, we obtain a mass of water of about 1.35 ×1021 kg

Partial decrease in 
Ca 1.40 ×1021 kg

Mass of H2 O in the 
oceans today

1.35 ×1021 kg

n4H4O2Ca 1
1

16
8

40
20 ++→

1
1

39
19

40
20 HKCa +→



CHEMICAL 
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SYSTEM



MARS: THREE INDEPENDENT INVESTIGATIONSMARS: THREE INDEPENDENT INVESTIGATIONS

MarsMars OdisseyOdissey, , NasaNasa 20012001
MarsMars GlobalGlobal SurveyorSurveyor, , NasaNasa 19961996

Elemental Abundance

Neutron Emissions

Seismicity

1. Knapmeyer M. et al. “Working Models for Spatial Distribution and Level of Mars Seismicity” 
J. of Geophys. Res., 111, E11006,, (2006). 

2. Hahn, B., McLennan, S., “Gamma-Ray Spectometer Elemental Abundance Correlation with Martian 
Surface Age: Implication for Martian Crustal Evolution”. Lunar and Planet. Sci. 37,1904 (2006).

3. Mitrofanov, I. et al., “Maps of Subsurface Hydrogen from the High Energy Neutron Detector, Mars    
Odyssey”, Science, 297, 78-81, (2002).



Faults

Iron 
(≥ 15%) 

Neutrons 
(> 0.18 cps)



Faults

Neutrons (> 0.18 cps)

Faults vs Neutrons



Faults vs Iron

Faults

Iron (≥ 15%)



Iron (≥ 15%)

Neutrons (> 0.18 cps)

Iron vs Neutrons



Element evolution: NiElement evolution: Ni--Fe transformationFe transformation

1.Hahn B. C., McLennan S. M. (2006) Gamma-Ray Spectometer Elemental Abundance 
Correlation with Martian Surface Age: Implication for Martian Crustal Evolution. Lunar and 
Planetary Science XXXVII.

Ni decrease ∼ Fe increase ∼ 1.0%

1n2HFeNi 1
1

56
26

59
28 ++→



In the Sun, Li and Be are much less abundant than predictedIn the Sun, Li and Be are much less abundant than predicted

KelvinKelvin--HelmholtzHelmholtz instabilities take place in the solar corona. instabilities take place in the solar corona. 

THE SOLAR CORONATHE SOLAR CORONA

Blöcker T. et al. (1998) Lithium Depletion in the Sun: A Study of Mixing Based on 
Hydrodynamical Simulation. Space Science Reviews, 85; 105 – 112.

Israelian G. et al. (2009) Enhanced lithium depletion in Sun-like stars with orbiting planets. 
Nature, 462; 189 – 191

1n2HeBe 4
2

9
4 +→

1nHHeLi 1
1

4
2

6
3 ++→

2nHLiBe 1
1

6
3

9
4 ++→



HYDROGEN HYDROGEN 
EMBRITTLEMENT, EMBRITTLEMENT, 
MICROMICRO--CRACKING, CRACKING, 

AND FRACTURE  AND FRACTURE  
IN IN ““COLD FUSIONCOLD FUSION”” 

EXPERIMENTS EXPERIMENTS 



Experimental Set-up

Electrolytic Cell Electrodes

Co-Cr
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Cumulative Cumulative CurvesCurves forfor the the AlphaAlpha EmissionsEmissions

Time (sec)



Ni-Fe Electrode : Compositional Changes

NiNi ((−−88.6%.6%) = Si (+3) = Si (+3.9%.9%)) +Mg+Mg (+4(+4.7%.7%))

2n2SiNi 28
14

58
28 +→

2n2HeMg2Ni 4
2

24
12

58
28 ++→



CompositionalCompositional AnalysisAnalysis of theof the ElectrodesElectrodesPALLADIUM ELECTRODE AFTER THE TESTPALLADIUM ELECTRODE AFTER THE TEST

Macro-cracking 
after 20 hours

100µm



SODIUMSODIUM--POTASSIUM PUMP (POTASSIUM PUMP (NaNa--KK ATPaseATPase))
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