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Abstract —

A hypothesis is put forward explaining the origin of chemical ele-
ments in polymetallic nodules on the ocean bottom as a result of bac-
teria activity initiating low energy nuclear fusion reactions (LENR).
As is known, sea water, bottom deposits and suspensions contain Na,
Cl, Ca, K, Mg, Li, Al, Si, B, P, F and S. From this set of elements the
formation ways are shown not only for iron and manganese, but also
for Ti, Co, Ni, Zn, Cu, Cr, V, Mo, Ga, Ge, Se, Br, Zr, Sr, Y, Nb, In,
Sn, Sb, W, Hf, Re, Ag, Pd, Rh, Cd, Sc, Te, Ba, La, Ce, Nd and Sm.
The origin of listed elements occurs with the active bacteria partici-
pation as a result of heat-generating LENR mainly by electron capture
from inner atomic layers without additional external expenditure of
energy, any radioactive materials or hard radiation. This allows us to
naturally explain the emergence in nodules of stable isotopes of many
elements which are really present there.

Iron-manganese nodules are wonderful and mysterious
oceanic formations.! They occur everywhere in oceans and
cover vast surfaces of the sea floor. As is evident from their
name, the prevailing elements of nodules are iron and man-
ganese, the mean relative content of each presenting about
16%.2 This value exceeds these elements’ concentrations in
sea water by a hundred million times.1,Table34 Surpassing val-
ues also take place as compared with continents: mean con-
centration of manganese in nodules almost by 170 times
and iron by three times as much as in the Earth crust.

Besides those metals the nodules contain titanium, cobalt,
nickel, zinc, copper, chromium, vanadium, molybdenum,
bromine, yttrium, zirconium, niobium and other rare ele-
ments—more than 40 in all, with concentrations of them
considerably exceeding their Clarke numbers. Resources of
nodules on the ocean floor boggle the human mind: they are
estimated as more than 300 billion tons and increase by 10
million tons annually.3 The endeavors of researchers to
explain the emergence of such great concentrations of man-
ganese and iron in nodules are quite understandable.
However, despite a great number of studies on these topics,
controversy and uncertainty in many issues remain. Until
now, we actually do not know where metals bound in iron-
manganese deposits come from, what the mechanism of
nodule formation is, their growth rate, etc.3 Perhaps this sit-
uation emerged because all similar explanations were not
beyond the scope of usual ideas and did not take into
account those natural phenomena and laboratory experi-
ments which would be the key to understanding.

The results of one of those phenomena are the manganese
fulgurites searched out in Nebraska in 1924. They were
described in an article by Cook.4 In the restricted area of an
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acre of land 30 or 40 of these manganese fulgurites were
found. The typical fulgurite contained 48.3% of manganese
dioxide, 6.7% of ferric oxide and aluminum oxide. There
were neither manganese nor iron deposits in that place; ful-
gurites occurred in the hard, tough, fine-grained, argilla-
ceous sand-rock, to a depth exceeding three feet. The quan-
tity of uncovered fulgurites explicitly demonstrates multiple
recurrence of this experiment formulated by nature itself.
The protagonist of this experiment was a lightning strike
into argillaceous sand-rock which did not contain any man-
ganese or iron theretofore.

It is reasonable to assume that the record concentration of
manganese could only appear as a result of nuclear fusion of
aluminum and silicon contained in the argillaceous sand-rockS:

27 28c: 55 % 18 hours 551 % 2.7 years 55
13AL+ 7381 = 55Co*  — SoFe* == 32Mn + 18 MeV (1)

(Here and further the energy release was calculated using
nucleus ground and isomeric state parameters®; almost all
figures are rounded to zero decimal places.)

Fusion of ?7Al and 28Si nuclei occurs in three stages.
Initially the radioactive isotope 35Co* is generated (half-
decay period is 18 hours). It is turned by electron capture into
a radioactive isotope ggFe* (half-decay period is 2.7 years). An
atom ggFe*, in its turn, also executes an electron capture and
finally is turned into the single stable 33Mn isotope.

Another possible fusion reaction with a chain of transfor-
mations and resultant formation of iron can occur between

equal silicon nuclei’:
28¢: L 28Q; 56NJi* o 0p 09385 56~ &, 0,7792ys 56
1281+1281—>28N1 +4€ 57Co* + je = SFe + 11 MeV (2)

Thus, aluminum and silicon are in this argillaceous sand-
rock not by accident; they play a major part in manganese
and iron formation.

Reaction 2 is supported by a paper® which reports on
research of Kolyma fulgurite formed as a result of a lightning
strike in alluvial argillaceous shale. Metallic spheroids from
rare iron-bearing minerals were discovered in it. These iron-
comprising minerals are more typical for extraterrestrial
objects. They occurred everywhere in the fulgurite and were
absent in surrounding rocks, i.e. these minerals were not
noted by moving away from a central channel. It positively
indicates the cause-effect relationship of forming these min-
erals with lightning discharge.

In the presence of aluminum, iron can also appear as a
result of direct fusion of two Al nuclei, as was already exper-
imentally observed by Krymsky.?

227A1 — 3iFe + 22 MeV 3)
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How can the fulgurite formation be pertinent to iron-
manganese nodules? A bridge for understanding the con-
nection between these phenomena is concealed in the
experiments of Vysotskii and Kornilova.l9 They observed
transformation of sodium and phosphorus into iron in
growing bacteria culture bacillus subtilis (hay bacterium), the
growth time being from 24 to 72 hours in different runs
without any external force. Experimental results of mass-
spectrometric identification (Figure 4.7 of Reference 10) is
evidence of clear reaction behavior:

#3Na + 31P — 3¥Fe + 22 MeV (4)

In the products of Reaction 4 a mass spectrometer recorded
isotope 54Fe and its concentration relative to isotope S6Fe
increased more than four times as compared with the natu-
ral value. It is pertinent to note that before Reaction 4 iso-
tope 54Fe was almost absent.

Vysotskii and Kornilova also described (Chapter 4.4.2 of
Reference 10) high-performance transformation of 12§Cs
into rare barium isotope 1§gBa:

133 1 1347 4% 0NN 134
52Cs + 1H = "LJLla* — ‘2 Ba + 8 MeV

The authors!0 explained the obtained results by introducing
the model of transitory dynamic “removal” of Coulomb bar-
rier influence on probability of nuclear fusion, but, whatev-
er the real reason for observation of Reaction 3, for the time
being this reaction (and also all the ones mentioned in the
present paper) can be de facto regarded as a peculiar “black-
box” in which input is the left part of reaction and output is
the right one.

Geochemical functions of microorganisms have already
been studied for many years; the whole family of specific
iron-manganese bacteria is even known. However, until now
they were assigned the part only in oxidation processes of
transformation of ferrous iron into ferric iron and bivalent
manganese into its trivalent and tetravalent state; nothing of
any LENR appears to have been raised at all. We have to
assume that hay bacterium is not unique for its ability to ini-
tiate low energy nuclear fusion reactions; apparently, this
ability is common to many oceanic microorganisms.

As is known, sea water, bottom deposits and suspensions
contain Na, K, Li, B, Mg, Al, Si, Ca, P, §, F and Cl. Deep-water
red clay covers vast surfaces of sea floor and contains all
these elements. The manganese and iron origin (Reactions 1-
4) was already shown. It will be shown below how not only
iron and manganese can be created from them but also
many other elements existing in the nodules.

Iron
In addition to Reactions 2-4, iron can be formed at silicon
and magnesium fusionl1:

¥Mg+ 15Si — 2 Fe+19 MeV;

“Mg+19Si — JFe+18 MeV,

“Mg+17:Si — 3Fe+21 MeV;
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LMg+ TSSi - §2F€+20 MeV.

Titanium
Titanium results from fusion of two sodium nucleis:
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Z3Na + 33Na — 35Ti + 25 MeV ©)

Titanium is also capable of coming into being at LENR inter-
action of sodium with magnesium isotopes:
33 min
SNa+ Mg —> 3V — JTi+21 MeV;
3 25 4 * 16days .
TNa+ Mg — 2V - JTi+25MeV; (6)
330 days

INa+ Mg — 2V - UTi+22 MeV.

If we assume the Mg isotopes ratio in the nodule forma-
tion does not differ from the natural one on the Earth core
(24Mg - 79%, 25Mg - 10%, 26Mg — 11%)° then in the first
place among Ti isotopes generated as a result of these reac-
tions there must be 46Ti, followed by 47Ti, 49Ti and 48Ti. This
should sharply contrast with natural abundance of Ti iso-
topes: 46Ti — 8.25%, 47Ti - 7.44%, 48Ti — 73.72%, 49Ti -
5.41%.

Thus, if by a mass spectrometry analysis one can succeed
in ascertaining a significant difference from these values, the
LENR origin of Ti in nodules can be proved.

Cobalt
A single stable cobalt isotope can be formed in the following
reaction:
SpaBSi  90u S INT
15 14 29 28
290 o P 76000years 59
i+ 81 - X Nit - 2Co+15 MeV.

3Co+ 15 MeV;

Nickel

i~ . 0 N 2min 0 . 24min O s
W StLSi—> 5 Zn - ,Cu —  Ni+ 16 MeV;
3 hours

89 s
33 28 61 * 61 * 61w .
PS+BSi 5 97Zn" = SCu" > SNi+ 15 MeV;
32 29¢a: 61 *895 61 *31murs 61 .
165+ 1,81 = 3 Zn — 5, Cu — (Ni+15 MeV;
3 300+ & N 9 hours @ . 10 min & .
ST LS1i—> 3Zn —» Cu — Ni+15MeV,
31 29 e 60 N 24min Onre
5P Si—> 5Cu — . Ni+ 18 MeV;
3 hours
15sPH1Si o> Cu” — SNi+ 15 MeV;
i Na+ 7Cl -3 Ni+22 MeV;
1 Na+ 7Cl1 -7 Ni+ 23 MeV;
2?351 - §§Ni+ 16 MeV;,
BSi +39Si — SNi+14 MeV;
2%Si — $Ni+16 MeV.

Copper

32s 38 min
SK+IMg — $Ga" > 57Zn" — 5 Cu+ 17 MeV,
" o 65 , 13min 65 *244days 6
LK+pMg— 5Ga - ;Zn — Cu+17 MeV;
40 25 6 *31565 *ISmin 6 *244dzys ¢
nCat+ Mg — 5,Ge"—>5Ga” = ;;Zn° — ,Cu +18 MeV;

SNi+ H - 5Cu+6MeV,
SNi+ H - 5Cu+7MeV.
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Zinc
9 27 66 N 2 hours 66 N 10 hours 66
YK+TAl-> $Ge” > $Ga’ — $Zn+17 MeV,

40 27 67 >“43567 *19min 67 *3@567
wnCat Al — As —»5,Ge — ;Ga — ;,Zn+ 14 MeV,
i d
Ca+EMg > TGe > SGa — 97n+15MeV:
20a12 g->32 ”‘)313“‘)3011 e’
30 B & *43367 , 19 min e *3days p
KT 5S1—> 5As -5 Ge —» 5Ga — 5Zn + 11 MeV;
0 — ¢ 36s68 152568 271 days
nCat ;Si—>3,Se > ;As — ;,Ge —
271 days
42 26 68
»Cat+ oMg — 5Ge —
M o o 2T
»Ca+ Mg — ,Ge —

68 68 min 68
awGa+ = ;Zn+12MeV;
68 68 min P
41Ga = 3Zn+ 14 MeV;,
68 68 min 68
52Ga = 3 Zn+ 14 MeV.
Chromium
24 28¢:; 52 Bhours 52 6 days 52
oMg+ 1,81 —> Fe —» J;Mn — ,;Cr+ 19 MeV;,
22Mg — Cr+23 MeV;
23N 29q: 52 * § days 52 .
nNa+ [ Si—> ;;Mn — ;;Cr+23 MeV;
BNa+ 58I SM s
11 14 25

Vanadium

2Cr+21 MeV.

23 28, 51 *46min 51 *28days 51
sNa+ . Si—> Mn — ,Cr — ,V+20MeV.
Scandium
US+UB — 2Sc+20MeV.
Gallium
20 29 . *27569 *ISmin . *39hours 60
wnCat 81— 5,8¢" = A" —» ;;Ge" — Gatll MeV;
42 29¢q: 71 *5min71 *65homs 71 *lldays71
»Cat+ ;S1— ;8¢ — ;A = ;,Ge” — ;;Ga+8MeV,
42 27 69 * 13 min 69 * 39 hours 69
wCat;Al» JAs" = 2 Ge” — 5 Ga+13 MeV;

44 27 71 * 65 hours 71 * 11 days 71
wCat Al JAS = ,Ge” - ;,Ga+10MeV;
URHES > AT 5 OGe” ~s ©Ga+ 11 MeV
19 14 33 32 31 :
Germanium
K+ 3P > 8¢ 5 BAS o> ZGe+ 12 MeV:
19 15 34 33 32 >
K+ 3P PSe’ o> PAs o3 2Ge+ 11 MeV
19 15 34 33 32 .
Bromine
Bromine can be regarded almost as a sea element because the

ocean contains 99% of all bromine deposits in the Earth
core.l

% 39 1 15s Bt 2 min 7 " 23 min » " 35 hours -
BCat¥K - BY > 12Sr" — FRb" —» ZKr' — EBr+5MeV,
N 229000 years

40 4 81yt Of a1 2T g S hOUE 81
20Cat K= 3Y = oS — JRb — (Kr — [ Br+6MeV.

Selenium
40 34 74 * 12 min 74 * 25 min 74
wCat+iS— 3 Kr —» Br — ;;Se+6MeV,;

42 32 74 * 12 min 74 * 25min 74
wCat  S— 3 Kr —» Br — ;;Se+7MeV,
20 36 76 W15 hours 76 N 16 hours 7
wCatiS—> 3 Kr — Br — ;Se+9MeV,;
" 3 76 W15 hours 76 M 16 hours 76
wCat  (S—  Kr — (Br — ;/Se+6MeV;
urs

44 32 76 * 13ho 76 * 16 hours 76
wnCat  S—  Kr —» (Br — [Se+7MeV;

Bog Mg 77K*74m77B*57h°m77S +5MeV
20L8 T > 3 KT — 5 Br — 55e ev.
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Selenium can also be formed from titanium yielded in
Reactions 5 and 6:

8BqQ; 48 76 w 13 hours 76 » 16 hows 76
Wi+ pTi—> (K —» Br — ;;Se+4MeV;
20t A§eres 7 *74min77 . 37 houss ”
w1+ LTi— 3 Kr — Br — ;,Se+3MeV,
0 e 7 *74min - *57}10“1577
W+ pT1—= 3 Kr — Br — ;,Se+4MeV,
300 e 26 *15h0ur576 . 16 hours %
Wi+ PTi—  Kr — Br — ;;Se+6MeV.

The following reactions take place with the participation of
copper, zinc and gallium isotopes formed in previous reactions.
Molybdenum

65 27 24 .
soCut+ Al = Mo +2 MeV;
68 24 92 .
wZn+,Mg — SMo + 3 MeV;
67 25 92 .
0Zn + o Mg — “Mo + 6 MeV,
%Zn + Mg — Mo +2 MeV;
30 12 g 42 s
4 days
1Ga+3Mg— 5Tc” — Mo+ 5 MeV;
293 min
$Ga+ Mg - iTc' — Mo +5MeV,
69 26 95 20 hours 95
wGa+ pMg— [ Tc - ;Mo +2MeV,
69 25 94 * 293 min 94 .
wGa+ ;Mg — .;Tc —» ,,Mo+5MeV;
20 hours
IGa+ 3Mg— Tc* — Mo +3 MeV.
Zirconium

15hours
TZn+ BNa — TINb* - $Zr+11MeV,

68 23 91 680 years 91
wZn+ [ Na— ,Nb" — [ 7Zr+8MeV;

6 27 00 g o CTOUS gg L B9homE
SCu+ ZAl > UMo” - ONb — “Zr+5MeV.
Strontium

65 23 88 8 days 88 107 days 88
N . .
»Cut+ Na— L Zr — 1Y — Sr+10MeV,;
6 . 86 . 17 hours 86 e 15 hours 6
»Cu+ 1 Na—= (7" = Y — Sr +8MeV,
s - 86 N 20s s6 N 885 86 . 17 hours S 15 hours s6
wFet S — oMo — [ Nb" - Zr" — Y — Sr+02MeV;
55 33 88 15min 88 Badays 38 106days 88
* .
HsMn+ S —> UNb" — [ Zr > TY — Sr+2MeV,
4min s N 2 hours U 80hour

§
64 23 87 * 87 .
“Zn+ ZNa > INb* > Tzr' > LY - ISr+8MeV;

M for - N 4min - . 2 hours P 80hours 87
K+ 5T - UNbY = 07r — Y — Sr+4MeV.
Yttrium

66 23 89 * 2 hours 89 * 78 hours 89
wZn+ [ Na— yNb° - L Zr - Y +8MeV.
hours

2 ho 78 hours
Mg+ 5Cu »> PNb' —» PZr - 5Y+5MeV.

Niobium
68 Zn +25M 93 * 4000 years 93 .
b oMg — ,Mo" — [ Nb+3MeV,
67 26 93 * 4000 years 93
wZn+,Mg - SMo® — [ Nb+3MeV.
Tin

wMo+ 170 - '2Sn+0.1MeV,
TMo+ 70— 'HSn+2 MeV,
Mo+ 70— 'BSn+1MeV;

98 18 116
oMo+ (O — " Sn+3MeV.
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Iodine
i d
1[4S + 13C ]27B *13mm 127C *6hou.rs 127 *36 > 127 .
oon+ C = (Ba - (s — [,Xe" = 1 +0.0I5MeV;
negn 4 1R 127 8 ours 127 xS0 das 7] 4+ 5 Me V-
SOH 5—)555‘_)546—)53 eV’
1w 10 127 " 6 hours 127 . 36 days 27
oon+ B - Cs" - [ Xe' - GI+10MeV;
118 9 127 36 daye 127
won+ ,Be » 5,Xe - I+8MeV;
PSn+ [Li —» I+ 13MeV;

36 days
121 67 127 * 127
u8h + Li — I Xe" - I+ 13 MeV.

The lack of iodine in nodules is explained by the fact that
most inorganic compounds of this element are easily soluble
in water, therefore they pass into it at the time of their for-
mation.

Tungsten

Sea water contains ytterbium,2 which under its interaction
with lithium isotopes as a result of the beta-decay of tanta-
lum isotopes yields tungsten.

8 hours
173 773 180, % 0 180
wYb+Li » TTa - e - T,W+7MeV
174 67 180« 0 ST g
oYb+ L —» Ta - e > ,W+7MeV

114 days

14 days
176 67 1 182 * 0 182
SYb+ SLi —»> ®Ta* - Se —» 2W+9MeV

Hafnium
A 7 min
Yb+ SLi — 5Ta® — SHf+7MeV,
171 67 177 * 57 houss 177
oYb+iLi » .Ta" — " Hf+7MeV;
"2Yb + SLi — 'SHf+7 MeV.
Rhenium

Rhenium arises from the LENR-interaction of lithium and
hafnium.

PHf+ JLi > "SiRe+6MeV,
THf+ SLi > '%Re+7MeV.

Silver
6 hours
aNb+ N UCd —» TAg+3 MeV;
wMo + B — ' Ag + 13 MeV;
“Mo + !B — '®Ag + 9 MeV.
Cadmium

15min
98 14 112 ypa* 112 .
oMo+ N - [In" - Cd+5MeV,
97 15 112 *limiﬂ 112
aMo+ UN — In" —» " Cd+4MeV,
2min
"Mo+ UB > 'S Ag"- Je — 'SCd + 14 MeV;

2min

Mo+ 'IB—> 'BAg - %¢ —» 'TCA+11MeV.

In the last two cases 198Ag* decay occurs by means of beta

radiation.

Indium
98 15 113 .
»pMo+ ON — “JIn+1MeV;
96 19 115
wZr+ JF — JIn+3MeV.

Palladium

13 min
92 10 102 * 102 .
wMo+ B— TAg" — " Pd+13MeV;
94 10 104 4 o+ M 04
oMo+ B— [Ag — [ Pd+13MeV;
94 11 105 #days 105
pMo+ B— JAg" — [ Pd +8MeV,
95 11 106 * Z4min 106
oMo+ B— [ Ag’ — Pd +10MeV;
95 10 105 41 days 105
sMo+ B—> jAg — .Pd +12MeV,
96 10 106 * 24min 106
oMo+ B> JAg - Pd +13MeV.
Rhodium
89 14 103 17 deys 103
wY + SN Pd” — ‘Rh+3MeV;
92 11 103 * 66““‘“103 *17days 103
Mo + IB— BAg" — Pd" — “Rh+9MeV.

Antimony

hours

108 13 121 *, 0 40 min 121 *2 121 *19days]21
sCd+.Co> [ Xe't e > I - ,Te” - 5 Sb+2MeV;

16 days
‘Be+ '2Cd— UTe’ — '21Sb+10 MeV.
Tellurium
112 10 122y 4min 122
zCd+ B —» TI" > Y Te+ 11 MeV;
115 10 125 * 17 houss 125 p* 39 days 125
pnt+ B> 3Xew - I - Te+ll MeV;
114 11 125 59 days 125
“Cd+ B —» BI" — ZTe+7MeV.
Barium
122 10 132 * 3 houss 132
slet B —» GLla — Ba+10MeV;
125 10 135 * 20 houss 135
sle+ B - JLa” — Ba+10MeV.
Neodymium
BCs +9B —» '9Nd +8 MeV:
41s
'2Ba +'9B - '2Pm’ > 2N +9 MeV;
5 265 days
“Ba+ B —» "WPm" — '“Nd+4MeV,
134 1 15 xS Y 145
¥Ba+'B - '""Pm" - (Nd+0.6 MeV,
N 18 years 4
PBa+ B —»'"Pm" — "“Nd+5MeV,;
6 years
¥Ba+ B —»Pm" — “Nd+1MeV,
136 10 146 " 6 years 146
wBat (B - (Pm" — (Nd+4MeV,
138 67 1 144 * 17 min 144
wBa+ jLi—> GPr — (Nd+10 MeV;
138 713 145 * § hours 145
wBa+ Li—> (Pr — Nd+9MeV.
Lanthanum
133 6 139 138 days 139
5Cs +5Li— Ce" — ;La+ 13 MeV.
Cerium
133 7 140 2days 140
5Cs + jLi—> jLa” —» (Ce+15MeV.
Samarium
137 10 147 * 0 3years 147
wBat (B — Pm - e - [ Sm+3MeV,
5 days
Ba+ !B —» '"SPm” - % — '"SSm+0.8 MeV,

5 days
®Ba+ B — 'SPm" - je — '5Sm+4 MeV.
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Promethium decay occurs by means of beta radiation.

Thus, at the input of the “blackbox” there are isotopes of
light elements Na, Cl, K, Ca, Mg, Si, Al, P, S, Li, B and F. At
the output stable isotopes appear: Mn, Fe, Ti, Co, Ni, Zn, Cu,
Cr, V, Sc, Ga, Ge, Se, Br, Mo, Zr, St, Y, Nb, Sn, W, Hf, Re, Ag,
Pd, Rh, In, Cd, Sb, Te, Ba, La, Ce, Nd, Sm, which are really
included in nodules.212 Undoubtedly, this list is not exhaus-
tive. Energy balance of all above-mentioned reactions is pos-
itive. The actual conditions in which the reactions occur, of
course, are their own, so that possibly not all of them hap-
pen in reality; however, the presence of a great number of
predicted elements in nodules speaks for itself.

Hereby, in the present research LENR-hypothesis is the
effective working instrument which enables us to naturally
explain the appearance of stable isotopes of many elements
really contained in nodules. These findings strongly support
the deduction that formation of listed elements highly like-
ly happens at active participation of bacteria as a result of
heat-generating LENR mainly by electron capture from inner
atomic layers without additional external expenditure of
energy, any radioactive materials and hard radiation. Too
much weight ought not, however, be given to the role of
bacteria since the listed elements (for example, manganese)
can be formed not only at their participation (in nodules)
but without it (in fulgurites); this clearly points to the action
of common LENR-mechanism. Undoubtedly, the further
detailed investigation of this mechanism (inner structure of
the “blackbox”) will open up new startling discoveries,
inventions and exciting vistas of their technical usage.
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