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Resumo: Recentemente foram explicados alguns agpectos associados a forma—
gao de petroleo e a distribui¢ao mundial de combustiveis fosseis. Entre-
tanto, ¢ ainda assunto para debate a fonte de energia assoclada a geragac
de petrolec. Neste trabalho & demonstrada a viabilidade energetica de uma
versao moderna da antiga teoris de radiagao alfa para a origem do petro-
leo,tendo como base evidencias acumuladas atraves dos anos. Esta antiga
teoria &€ revisitada e examinada criticamente sob nova visao a fim de serx
reformulada, usando-se dados 1nterdzsc1p11nates na maioria nao existsntes
quando a antiga teoria da radiagzo alfa para a corigem do petrolen foi su—
gerida, degenvolvida e por fim desacreditada. As idades geolog:cas acei-
tas para a formagao da maior parte das reservas de petrdleo conhecidas es
tac dentro de uma faixa de tempo que faz dos emissores de radisgao alfa na
tural de meis vida longs uma fonfe de energia viavel pelo menos para parte
da energia necessaria a formagao de hidrocarbonetos de petroleo.

Abstract. Some aspects of petroleum formation and the world distribution
of foesil fuels deposits were recent clarified. However, the source of
energy associated with petroleum genesis is still largely debatable.
Evidence accumulated over the years allows tc demonstrate the energetic
feasibility of a modern version of the old alpha radiation theory of
petroleum origin. This theory is revisited and examined critically under
new light to be reformulated by taking advantage of relevant interdis-
ciplinary data mostly not availshle when the old alpha radiation theory
vas suggested, develuped and then discredited. The neological ages
accepted for the formation of most of the known petroleum reserves are
within a range that makes long-lived natural alpha emitters a feasible
energy source for at least part of the energy necessary for the formation
of petroleum hydrocarbon.

*Presented at the Second Special Symposium on NATURAL RADIATION ENVIROMMENT,
Bhabha Atomic Research Centre, Bombey, India. January 19-23, 1981,
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Intyoduction

Qualitative and quantitative aspects of petroleum fommation and world
Aistribution of fossil fuels have been recently discussed by Tissot‘ ™)
However, a full accomt of the energy necessary for the formation of
petxolasn hydrocarbons from crganic matter oonsistent with the time
elapsed for the chemical transfomations to occur has proved to be
elusive thus far., Themmal processes have been consiocered to be the sole
energy source for the conversion of organic matter into p:txolm‘l'a"'”.
However, the relative importance of the energy of alpha radiation as
opposed to the classical idea of thermochemical conversion of organic
matter into petroleum remains an open question. The objetive of the
fresent work is to emphasize the feasibility that the long tesm natural
radiocactivity can be a strong candidate as one of the sources of energy
associated with petrolesm formation,

The overall significance of the applicaticn of relatively new concepts
to the industry of oil exploration has been examined by a mmber of
authors173) (8-11) o rresent work however deals exclusively with



the problem »f petrolem origin as far as the saurce of energy associated

with petroleum genesis is concerned. Arguments based on relatively modern

data are presented to show that the energy involved in the chemical changes
associated with petxoleam origin can come partially from the natural alpha
emitters embedded in the organic seguents of marine sediments,

m(u) reported in 1904 the presence of natural radioactivity in

crude petrolem, and Joly''>) suggested in 1908 that the concentration
of radium in the bottom of the ocean would depend on the supply of
organic materials fraom above. The hypothesis that the energy from alpha
particles emitted from naturally occourring radiomxclides could play a
role in petroleum origin was explicitly proposed by the first time in
the late 1920s by Lind 141 | a5 a follow up to cbservations that under
the influence of alpha particles emitted by radon in a mixture of ethane,
Gi,CH,; propane, CH,CH,GHy; or butape, CH,OH,CH,CH,, each condenses
eliminating hydrogen, Hz,uﬂmﬂwnci4wgiveplacehohig|u
hyrdrocarbons.
Brooks1®? in 1931 Qiscarded the idea that alpha particles cguld play a
role in petxoleum origin by stating several objections, Years Iatex,
110a?) hinself rejected the sdea that alpha energy could be conmectad
with petroleum origin because he was unable to answer some of the
raised by Brooks 2%, 1In 1940, parL of the objections raised
by Brooks 16 were overame by the radicactive studies on the sedimentary
rocks associated with petrolews made by Bell et a1, 18,

In 1944, wﬂs) suggested that the conversion rate of organic
material to petroleum, dM/dt, by alpha particle bonbardment could be

exgpressed by the following ecuation:

giin-.;‘!'ﬂc.l. (l)

de dN dt 4N

whare: dM/d¥ is the ratio of molecules converted to ion-pairs produced,
and £t is characteristic of each pa:ticular chemical reaction under
consideration; dN/dt is the rate of ion-puirs formed by alpha particle



bombardeent; C is the relative concentration of organic material* (in grams
per gram of sediment); and I is the total number of ion-pairs produced per
second per alpha particle per gram of sediment.

Although Sheppard cbserved that the conversion efficiency would be higher
if the radicactive materials were closely associsted with the orgenic
constituants of sediments'!? the calcujation of conversion by primary
radivm (half-life 1.6x103 years), based upon Bvan's data on radivm
mmmamw‘m’,mﬂmmﬂn
finding that only 10°% grams of orgwnic material would be corverted by
gram of sediment in 10% years?¥ | sherpard recognized progptly that
this conwersion rate was too low to be sericusly cnsidered in the
problem of petzoleum genesis, since the remainin activity of radium
anld not sustain the conversion of organic matter into petroleum longer
thmlo"ymm,.

In 1948 Brooks discredited the idea of any connmection between the energy
of alpha particles an® petroleum formation calling it ironically “the
physicist's point of view on petrolam genesiz'~ . Bvidence gathered
betwesn 1943 and 1952 by a group of investicators at M.I.T. made
Whitshead to recognize that the amunts of petzolemn found in sedime.tary
rocks were too large to be explained by chemicals effects of the alpha
radicactivity of 23% and 23%m found in sedimentary rocks associated
vith petrolem'??

New Light on an Old Idea

Pata on the concentration of 238U and 232Th in plankton, organic sediments,
and petzoleum were not available in 1954 when Whitehead recognized the
failure of the ¢ld alpha radiation theory. Relevant interdisciplinary
data allow the development today of new ideas reganding alpha radiation
and petxoleum origin,

Data on the carbon, hyxirogen and osygen percentual composition of kexogen,
asphalt, petroleum, and urano-organic mibstances are presented in Pigure 1

¥ Only ions produced in organic material are effective to convert molecules.



to illustrate the similar pattern in these percentual compositions, which
suggestsa genetic association of these materials. As a matter of fact,
kexogen is an organic constituent foud in sedimentary waterials which
omn be associated with petrolemm formation acoording to the currently
accepted ideas'1?) . Petroleum geologists use two distinct tevms for
kexogen to designate types of organic mattar deposits associated with
sources of petroleum: humic varieties of orgenic metter are generally
related to poor oil sources affected by dry-land conditions; while the
sapsopelic wristies are comwonly related to subagmous sediments which
are deposited under conditions of isclation from land areas and are
associated with rich oil mu'x).

Pischer and Arttur‘® | relying on the hypothesis that the climate of
the earth behaves cyclically, suggested that most of the petzuleam
of the world resulted from sapropelic episodes, oconyed in the last
200 million yeaxrs, shich were favourable to the accamlation of
petrolaum soxoe bads. These authors also mentioned that high
meq.mmmmmmuumm
ofptm].anmbeds,isamcimmﬂzsixsq:opelicepimdu
{polytaxic) ﬁntmmmmlm,mmw,
Mid-Cretacacus, Late~Cretacecus, the Bocene ond the Miocene™ .

Figure 2 shows the approximate percentual distribution of world crude
oil in gmlogical age. The data sxmmrized in Pigure 2 make conspicuous
the disagreement existing in the open literature on the age distribution
of the principal kxwn oil resexves. However, one can ocbsexrve that the
six sapropelic episodes suggested by Pischer and Artiur'®), as
associated with petxoleur formation, are at least in qualitative
agregmmt with the geological age span shown in Figure 2.

The uwaniun content of black shales, originally sapropel, is

to be higher than the average uranium content of sedimentary rocks ‘2>’
Degers et al.®Y rexorted a wranium content of sbwut 40 pm in sapeopel
found 100 meters deep in the Black Sea, deposited some 5000 years ago,
and cbsexved that most the uranium in these recent sediments seams t©
bs bound to planktonic 1atter cather than to land-darived organic debris.
More recencly, Vassiliou' ?) reported studies on the form of cocmrence

30).



of uraniym in deposits associated with organic matter and confimed his

earlier findings that the cxrganic components of part of the urandae-besring
MMmmmym&dummm’.

The wranium content of some odl field brines has been repocted to be
0.2 prm by Pierce et al. 3¥, wio cbeerved also the presance of helim in
accmulations of petroleas ar? natural gas. M(u)pinuaxﬁﬁt
examination of data on the distribution of heliim ancentrations in gas
poxils, gas-oil fields, gasoil and o0il pools from the Volga ~ Ural
region, central Asia, and published works from the United States and
Canada lead him to conclude that the relationship of helimm to ol and
0 petrolemm hydrocartons has implications in the foomation of these
materials yet to be undexstood. As a matter of fact, helium can be
expected to accumlate during the formation processes of petroleom and
mtural gas, even though in sall aounts only, at a result of the alpha
decayment of uraniom and its alpha emitting daughters accamalated in the
orgmic material in the depositional palecenviromments of petrolem

source beds .

Hare it mey be helpful to point out that most of the chjections raised

wmu"mmmmsatammm
along the time.

Alpha Bnergy Deposition in Sepropel

The lower and wpper limits Of the alpha energy availahle for deposition
per disintegration of 238) plus dahter products ave 18.5 MV and

43 MeV, respectively, with either total oc no radon loss'>>) . Ror the
2321 series the lowur and ixyper limits for the alpha enexrgy available
for deposition per disintegration of the pavent atom arve 15.1 MV (with
total thoron 1oes) and 36 MeV (with no thoron 1oss), respectively'>’,
On the other hand, if there is excess activity in the organic segmmnt
of sediments of any daughter products in relation to either 238y or
232m, &ue to direct acomulation of 226Ra, 228Rs or 22%Rs, the alphe
eneYgy limits presented above tend to be higher until the source of
axosss activity decays.



The subsequent estimates are made under the following restrictive
mamptions: (i) the mean alpha enargy available due to the disintegration
of 234y plus daghter products up to 22%m is totally deposited in the
organic sageent of sapropel; (ii) although the total alpha energy
avwilable for deposition per disintegration of 238 daughter products
lies betwemn 18.5 and 43 MeV, each individual alpha particle emitted by
230y and dmghter products up to 225R has energy balow 5 MeV with a
typical range in orgmic matter being less than 40um'™®); and (111) the
contribution from radon plus daughters to the alpha snexgy available
for deposition per disintegration of 23y plus dmghters will not be
talen into account, hacase the atoms of radon and its dsoghber prodocts
can disintegrate far from the initial pogition of the 2380 parent atom.

The nmber, Z, of ion-pairs formed per year per gram of sapropal mmy be
apresssl as follous:

2 = 3.15x107 .-_-c_..] X[eV/sec.g sapropel] @
year

T[ev/ion-pair]

vhere: Y = 1.23%10%[dis/sgc.g 23%U] x2.85%107 [ev/dis 2%y]1[ppm]107¢

= 2,28%10° m; T is the msan ionization energy for complex
orgmic matter, vhich can be considered bere as approximately 60 -pair
as compared with 56 eV/ion-pair sdopted by Sheppsrd snd Whitehead ; and
W is the initial ursnimm concentration in the organic segment of sapropel.

Thas, assuming that the mmber of organic molecules per unit mags of

3 orgsnic wolecules _ [6.02x1023 molecules
sapopel is about 2.4x102 —l:"“’wl [ ates srem
one oan state that the mmber, X, of years nesded to convert the
matter content of sapropel with ¥ pm uranium conomtration into higher

hydrocaxbons of petroleum can be expressed as follows:

_ 2.4x102F _ 2.0x1010
z V{ppa]
As, for evawple, if the reported 0.078% U0, assayed in a smple of sludge
taken from a petroleun pit associated with a salt Awme in Lousiana®®®,
oan be considared as an indication that the uranium concentration in
the initial organic matter is at least 600 pym, then the geclogical time
interval reedad to produce petrolem would be, according o0 equation
(3), of the oxder of 30 million years. Accordingly, the pstroleum found
in the raservoirs of such salt dome is reported to be associated with

years (3



Pliccene-iticcene (i.e., from 5 to 24 million years) lenticular mm’.

Purthenmore, it is interesting o mention here that Byden'> yeported

#n average wanivm oontent of 0.17t in ashes for 29 samplas of crude

ofl from the western United States, Dicomn et al. *®  reported wantm
conoantzations in retort water ficm shale oil from Qolorado and Utah vp

to 407 pm, and Vassilios D found £rom 1.0 to 3.5 uranivm in ashes in 5
samples of waniue-organic matter associated with petroleum from Ia Bajada,
My Nucico. The high radive coatent in waters of the Rift Valley that wes
taatively associated by Kazod?) with uniergnoumd resexvoirs of brines,
oils and gases deserves to be furher invastigated. Pission track technigoe
has besn successfully zoplied to determine the uranims content of petrolem (s>
and can now be used for systematic studies in petwlam from differant
deposits and ages.

Pigure 3 shows a graph of equetion (3) viich is helpful to estimate the
oxwersion time (from the cenozoic to the paleo?nic) of organic matter into
petroleam as a function of the urenium conient of sapwopel. A cxude
ocaparison between the information contained in Figures 2 and 3 suggests
that most of the rovm world petroleum vould have been formed fxom sapropel
containing between 70 and 1000 ppm of ucenfr.

Of course, the contribution of *he 2321 series to tho alpha ensygy
srailsble for demosition in the organic matter sheuld have also been taken
into acocount in the abowe czlculations, sirce the time necessaxy fior

the conversion of organic natter into petroleum shozld be a fimction not
enly of the initial 238) conoconiration in canomel but also thet of
2321%,. Bowever, the orders of magnitude fowd zhove will not change
significantly with the correction for the 232Th contritution.

Gncluding Remarks

The lack of data in the 1940c on the concentration of rcdionuclides of
vy long half-lives in marine organisms probably precluded Sheppard and
writehent 37 from developing an acceptable alpha xodiation theory of
petzoleum origin. Data now available are still meeqer, but are sufficient
to show that at least par: of tha energy necessary t© trigger the initial
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transformetions of argmic-rich sediments like sapropel into petrolem
hydroombans can be provided by the alpha decay of 23% and daghters
products up to 226pa. To the best of my knowledge, data on the 232mh
ocontent of sapropel are not yet available, but such data when awmilabhle

can easily be inturporated into the model row being suggested.

Additional research needed to test the mpdel for petroleumm origin suggested
in the present psper should include the following studies: (i) the 236g
and 232 omoentrations in sapropel, pstrolem axd agsociated liquid and
gases; (ii) the microdistyilution of natural alpha emitters with very long
half-lives in the organic seguwent of sapropel, and the actual mechanisms
triggered by the energy of alpha particles in the chemical transformations
vhich occur in the organic matter segment of saprope); (iii) determination
of the fractions of radon and thoron escaping from the organic part of

the sediments; (iv) the detexrmination of the meen diameter of the cxganic
constituents of sapropel; and {v) the relation between the age of petzoleme
and the 23% and 2321 concentrations in sepropel.
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Pigure 1. &) Kercogen, asphalt, patroleum, gas sand uranc-orgsnic sli fall
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