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ABSTRACT

The polonium isotopes that produce radiohalos do not have a
pattern of isotope abundance ratios similar to that of the other
naturally occurring 91 chemical elements. Instead, polonium radiohalos are limited to the isotopes produced by daughters of longlived uranium and thorium parents. Moreover, polonium radiohalo
abundances are not in the 1:1 ratio of radioactive daughter-product
production. Their abundance ratios are more similar to the associated half-life ratios. This feature could indicate relative time of
survival in transport from the point of origin, simultaneous deposition
from a solution carrying isotopes in equilibrium, or a combination
of these processes.
For many individuals, the rare occurrence of 164 microsecond
Po-214 radiohalos and of radiohalos in diamonds are readily
accounted for by presuming de novo, in situ fiat creation. Another
model based on infusion of daughter-product solutions accounts for
the incongruities in the direct creation model. The present limited
knowledge of hydrothermal diffusion through crystal lattice planes,
and of geochemistry at lattice imperfection and impurity sites does
not provide an unquestionable selection between the two models
for explaining polonium radiohalos. Either model is within the
creation classification, the difference being the level at which basic
activity of the Creator is presumed to have been manifest.
INTRODUCTION

How can a particular phenomenon be evidence for the activity of a
supernatural intelligence? From the baffling intricate characteristics of
atoms, to the amazing yet barely perceived dynamics of stellar galaxies;
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from the complex operation of a living cell, to the unexplained capabilities
of the human mind; where can we find specific evidence for the activity
of an all-encompassing intelligence, objective evidence for God?
Confronted with the reality of the material universe, with all its
intricate complexity and delicately balanced interaction, it is logical to
presume the existence of an all-encompassing intelligence as the
Designer, Initiator, and Maintainer of the vast range of phenomena that
we observe. In his epistle to the Romans, the Apostle Paul affirms that
individuals who do not reach such a conclusion are “without excuse”
(Rom. 1:19,20).
Ancient man tended to consider all physical phenomena as a direct
manifestation of deity. For example: God in the sun; God, or perhaps
another god, in the moon; god in the mountain; god in the sea; god in the
tree; god in the lion. As knowledge increased, that which was considered
to be a direct expression of deity has been pushed back to the level
where understanding ceased. We now base our understanding of stars,
geological formations, plants, and animals on the characteristics of the
92 different elements (kinds of atoms) and their compounds. However,
the properties of these 92 basic elements and their compounds, and
anything that cannot be explained on the basis of underlying phenomena,
is considered by some individuals to be evidence of immediate and direct
activity by the Intelligence who created and sustains the physical universe. Subsequent increased understanding may transfer the “evidence”
to a simpler, more basic level, and foster an enlarged perception of the
fundamental laws that were established by the Creator to maintain the
universe.
An example of this progression to a more basic level is provided by
the element lead. It is no longer necessary to postulate that God created
lead in a mystifying wide variety of isotope ratios in various minerals.
The range of lead isotope variation may be accounted for readily by
mixing of primordial (from an initial creation event, whether a supernova
explosion or a simple “God spoke” event) lead with lead produced by
radioactive decay of uranium and thorium. This advanced understanding
in no way diminishes the significance of atomic structure as evidence
for design, creation, and maintenance by the Creator.
EXPECTATIONS CONCERNING PRIMORDIAL POLONIUM

The primary object of this paper is consideration of the evidence
for the source of the element polonium. Each polonium atom contains
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ORIGINS 1997

84 protons that determine its chemical characteristics. Eighty-four
protons will not stay together in a nucleus unless they are accompanied
by at least 106 neutrons. The number of accompanying neutrons may
be as great as 134. The range of allowed neutrons gives polonium 29 isotopes (different forms which have the same chemical characteristics,
but slightly different physical properties).
None of the 29 proton-neutron combinations in which polonium may
be produced is stable. There is a spontaneous trend toward combinations
that are stable. This trend is called radioactivity, because it was first
observed in investigation of the element radium, which also is unstable.
There is no known way to predict when an individual radioactive atom
will convert to the next stage in the trend toward a stable proton-neutron
combination; but it is possible to measure for a large number of atoms
the statistical average of the time required for transition. The most
convenient way to represent this average is known as half-life.1 The
most stable isotope of polonium — Po-209, which has 125 neutrons —
has a half-life of 102 years. The least stable polonium isotope — Po-212,
which has 84 protons and 128 neutrons — has a half-life of only
0.299 microseconds. Any Po-209 that was brought into existence in
primordial creation (an initial creation event) would have diminished to
about 1/1000 of its initial amount by 1000 years later.2
To anticipate what might be expected in the primordial composition
of polonium, we can compare polonium with two other elements that,
like polonium, may exist in a wide range of isotopes. Tin, with 38 isotopes,
and tellurium, with 14 isotopes, are the best elements for indicating the
primordial abundance ratios and half-life features that we might expect
for polonium. Tellurium and polonium have similar chemical characteristics, and are classified as Periodic Table Column VIA (Chemical
Abstracts Service notation) elements.
Figure 1 shows the relative nuclear binding energies of the isotopes
of tin compared with isotope 118 arbitrarily set as 1.000. There is no
binding energy data currently available for isotopes 135, 136, and 137.
Ten of the 38 isotopes of tin are stable. The percentage relative
abundance of these ten stable isotopes is given at the top of their
respective bars in Figure 1. Logarithms (base 10) of the half-lives of
the unstable tin isotopes are represented in Figure 2. The available data
only permit determination of a minimum (150 nanoseconds) for the halflives of tin 102, 135, 136, and 137.3
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FIGURE 1. Relative Binding Energies of Tin Isotopes. Binding energy for
Figures 1, 3 and 5 is taken with respect to the minimum of a smoothed line for
a plot of nuclear binding energy vs isotope number. For convenient comparison,
the binding energy is normalized to 1.00 for the isotope which has the highest
binding energy of the group. Natural abundance percentage designated at the
tops of the bars representing stable isotopes. No binding energy data available
for tin isotopes 135, 136 and 137.
FIGURE 2. Tin Isotope Half-Life. Minimum value of uncertain half-life
determination for isotopes 102, 135, 136 and 137 indicated by V.
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FIGURE 3. Relative Binding Energies of Tellurium Isotopes. Natural
abundance percentage designated at the tops of the bars representing stable
isotopes.

FIGURE 4. Tellurium Isotope Half-Life. Minimum value of uncertain halflife determination for isotope 123.
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Similar corresponding data for tellurium are presented in Figures 3
and 4. The half-life of Te-123 is only known to be greater than 1 × 1013
years (5 × 1018 min). Although Te-128 and Te-130 are considered to be
stable isotopes (abundance 31.687% and 33.799%, respectively), they
are weakly radioactive (double-beta decay to xenon 128 and 130), with
half-lives 7.7 × 1024 years and 2.7 × 1021 years, respectively.
POLONIUM RADIOHALOS

Since polonium has no stable isotopes, the question arises as to
what evidence might be expected for the existence of primordial
polonium. Polonium isotopes 199 to 207 decay principally by electron
capture in which a proton is changed into a neutron, producing an isotope
of bismuth. These bismuth nuclei also capture an electron and convert
to an isotope of lead. All the other 20 polonium isotopes decay principally,
or entirely, by emission of an alpha-particle (He-4 atom nucleus) to
eventually become an isotope of lead. These alpha-particles may damage
crystal structure in the surrounding region and produce what are known
as radiohalos. Since the damage done by the alpha-particle is greatest
at the end-portion of its track, a cross-section through the damaged
crystal will show a circle (halo).
The distance an alpha-particle will travel before losing all its kinetic
energy will depend on the electron density of the medium in which it is
released. Table 1 lists the alpha-track length in standard air for the
polonium isotopes 208 through 218. The data in Table 1 were obtained
from laboratory measurements on alpha-particles of the same energy
as those released by polonium.4 Conversion of the ranges listed in Table 1
to the corresponding range in a crystal such as mica or fluorite may be
estimated to a close approximation by multiplication with the ratio of
electron density in standard air to that in the crystal. The average
distances traveled in mica for the Po-218, Po-214, and Po-210 alphaparticles are 23.1, 34.4, and 19.5 microns, respectively.5 Creation’s
Tiny Mystery6 contains an excellent collection of radiohalo photographs.
PRIMORDIAL POLONIUM IDENTIFICATION

As indicated in Figures 5 and 6, polonium isotopes 210, 211, 212,
214, 215, 216, and 218 are continually produced by the radioactive decay
of thorium and uranium. Only isotopes 208, 209, 213, and 217 in the
upper range could be considered uniquely primordial, since there is no
70
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TABLE 1. POLONIUM αENERGY/RANGE
α energy, MeV* α range,cm standard air
Po isotope, A
† 208
† 209
210
211
212
† 213
214
215
216
217
218

5.116
4.884
5.304
7.450
8.785
8.376
7.736
7.386
6.778
6.650
6.003

3.57
3.33
3.87
6.60
8.3
7.93
7.03
6.50
5.67
5.50
4.67

† Most probable indicator of primordial polonium
[(BE of APo) - (BE of A-4Pb) - (BE of 4He)]
* MeV =

,
[1+4/(A-4)]

with BE = Binding Energy.

FIGURE 5. Relative Binding Energies of Polonium Isotopes. Long-lived
radioactive parent of isotopes associated with radiohalos designated at the
tops of the bars for these isotopes.
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FIGURE 6. Polonium Isotope Half-Life. Long-lived radioactive parent of isotopes
associated with radiohalos designated at the tops of the bars for these isotopes.

other known source for their existence. Any of the polonium isotopes
below 199, all of which are alpha emitters, also could provide radiohalo
evidence of primordial polonium. The maximum abundance areas in the
stable isotope abundance data for tin and tellurium, Figures 1 and 3,
suggest that the most likely alpha-emitting primordial polonium isotopes
are in the range 208 to 213.
The data in Table 1 indicate that radiohalos from isotopes 208, 209,
and 213 would be readily distinguishable from halos produced by uranium
and thorium daughter products. Within the limits of my knowledge, all
radiohalos in the 4-9 MeV range reported in the literature are satisfactorily accounted for by uranium and thorium daughters. But consideration
must be given to the possibility that some polonium radiohalos that exist
today were formed by primordial polonium, rather than by daughters of
thorium and uranium.
The longest half-life of the polonium daughters of uranium and
thorium is 138.376 days (Po-210, daughter of U-238). Five years after
a creation event all primordial polonium of the sort that can be produced
also by radioactive decay of a parent would have disappeared.7 Halos
from polonium. isotopes in this category may be interpreted either as
having been formed within five years of a primary creation event, or as
a consequence of subsequent radioactivity.
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A prominent feature of isotope abundance is the predominance of
isotopes that have even numbers of both protons and neutrons. This
feature is illustrated by the abundance data in Figures 1 and 3. Accordingly, the most abundant isotope of primordial polonium would most
likely be the even-even (84 protons, 124 neutrons) isotope Po-208 with
a 2.898 year half-life. The stable daughter of Po-208 is Pb-204 (halflife >1.4 × 1017 yr), which is 1.4% of common lead. The complete
absence of this lead isotope from the central inclusions of some polonium
radiohalos8 clearly indicates that the polonium which formed them was
the product of radioactivity rather than primordial creation.
A significant amount of even-odd 102-year isotope 209 would also
be expected as a component of primordial polonium. I do not know of
any investigation that has reported detection of either Thallium-205, the
stable daughter, or Lead-205, the 15.3 million-year radioactive daughter,
of Po-209 in the center of polonium radiohalos.
The conspicuous absence of halos associated with polonium isotopes
208 and 209 strongly indicates that the polonium radiohalos which have
been observed are a consequence of uranium and thorium radioactivity,
and do not provide conclusive evidence of primordial polonium.
THE POLONIUM RADIOHALO ENIGMA

The existence of radiohalos in minerals such as mica has been
known since the first decade of the nineteenth century. Efforts to provide
an explanation for polonium halos that do not have evidence of a supporting long-lived radionuclide at the halo center (isolated halos) extend
as far back as the late 1930s.5 A halo set produced by 164 microsecond
half-life Po-214 (two rings), or by 3.1 minute half-life Po-218 (three
rings), without any evidence of a radioactive parent at the site, has been
an enigma. The favored explanation has been penetration of a hydrothermal radioactive solution along crystal lattice planes. This explanation
readily accounts for the extreme rarity of halos from the six alphaparticles emitted in the decay of thorium to Pb-208, although thorium is
over three times more abundant in Earth’s crust than is uranium. Thorium
and its compounds are relatively insoluble in water, and would not be as
easily transported as uranium.
Another enigma is the relative frequencies with which the various
types of polonium radiohalos (three rings, two rings, or one ring for the
U-238 sequence) are observed.
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A clue for finding satisfactory insight into these considerations may
be provided by the existence of Po-210 radiohalos in coalified wood
from uraniferous sands in the Colorado Plateau.9 This subfossil wood
was evidently buried in the late stages of the Flood, or possibly during a
period of intense geological activity in early post-Flood time. Subsurface
water carrying highly soluble uranyl ions, together with uranium-series
daughter products, evidently infused buried logs. Sites that favored
chemical deposition of polonium or polonium precursors accumulated
sufficient polonium atoms to produce a detectable polonium halo — in
the order of 108 atoms, or more.5
In a solution containing uranium and equilibrium concentrations of
its daughter-products, polonium isotopes 210, 218, and 214 would be
present in concentration ratios
[Po-210]/[Po-218]/[Po-214] = 1.000/(1.5×10-5)/(1.3×10-11),

since equilibrium concentrations are proportional to half-life. Infusion
into the wood over sufficient time to accumulate enough Po-210 atoms
to make only a discernible Po-210 halo site, as in the Colorado specimens,
would not deposit enough atoms to produce visible Po-218 or Po-214
halo sites.
To the extent that the intensity of a halo ring is proportional to the
number of alpha particles passing through a unit of area, rings from
Po-210 daughters of Po-214 may be expected to be 3.3 (range ratio
squared) times as intense as rings from Po-214. For polonium deposited
from a solution with equilibrium ratios of concentration the corresponding
intensity ratio is 73 billion! On this basis complete saturation of crystal
damage for the Po-210 ring would occur long before a Po-214 ring
became discernible. These considerations raise a question as to why
any polonium ring sets occur that have a Po-214 ring without an associated Po-218 ring (Po-214 halos). In an equilibrium state Po-218 is
1.2 million times more abundant than Po-214.
Given a constant supply of Po-218, as is possible from radium,
equilibrium ratios among the polonium isotopes would not be reached
until about 100 years after a zero-level starting point, because 22.3 year
half-life Pb-210 is between Po-214 and Po-210 in the decay sequence
(see Figure 7). If the Po-218 input rate is constant, Po-218 and Po-214
will reach equilibrium ratio of 1.1 × 106 (ratio of half-lives) about 3
hours after a zero-level startup, since 26.8 minute half-life Pb-214 and
19.9 minute half-life Bi-214 are between Po-218 and Po-214 in the
74
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decay sequence. During the first few
hours of the 100 years required for
Po-210 to go from zero-level to equilibrium ratio with Po-218, Po-218 would
be more abundant than Po-210 (see
Appendix).
In the natural circumstances in which
polonium halos were formed, there
probably were large temporal variations
in solution flow rates and also isotope
concentrations. And there may have been
complex geochemical reactions involving
polonium, lead, and bismuth. The preceding idealized treatment was provided
to indicate parameters within which a
logical explanation may be developed for
the predominance of Po-210 halos, and
for the extreme rarity of Po-214 halos.
The chance for a polonium atom finding
a binding site in the Colorado fossil wood
may have been so low that only Po-210
atoms existed long enough to bind in
sufficient numbers to produce a visible
radiohalo.
If the infusing solution did not contain
a significant amount of radium, any Po-214
and Po-218 that it may have contained
would have essentially disappeared within
five hours of migration. Polonium-210 that
might remain, and Po-210 produced by
22.3 year half-life Pb-210, could be
deposited and form Po-210 halos in the
wood.
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FIGURE 7. Uranium-238 Decay Sequence. Halflife is designated for each stage. Percentage
designated for alternate decay routes.
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In the development of a model for radiohalos produced by solution
infusion, it is important to maintain a distinction between halo density
and halo intensity. Density is the number per unit volume of host rock,
or number per unit area of field in a viewing microscope. Intensity
designates the degree of host crystal deformation in the halo ring, which
is related to the number of polonium atoms that produced the halo.
Density may relate only to the concentration of sites in the host that are
favorable to the deposition of polonium. Intensity is determined by
polonium concentration in the infusing solution, infusion rate, and infusion
time.
The presence of complete ring sets from Po-218, Po-214, and Po210 (“Po-218 halos”), and rare double ring sets from Po-214 and Po210 (“Po-214 halos”), together with predominant single Po-210 rings
(“Po-210 halos”) in minerals, suggests a fluid-infusion-based separation
process similar to that which accounts for the occurrence of only Po210 halos in coalified wood. A broad study of the relative frequency of
Po-210, Po-218, and Po-214 halos in the various minerals in which they
may be found, and of the relative intensities of the rings within these
halo sets, would be of great value toward resolution of the radiohalo
enigma.
The hydrothermal infusion explanation requires that the host mineral
lattice contains impurity sites that favor the chemical deposition of
polonium or a precursor. Wherever Po-218 is deposited, successive
stages in the decay series will produce Po-214 and Po-210, but either of
these lighter isotopes could be deposited simultaneously with, or subsequent to, Po-218. Determination of the portion of simultaneous or subsequent deposition could be made by comparison of the intensities of the
three rings in the set.10
That the postulated hydrothermal infusion process may occur in
mica has been fully established. Copper inclusions 0.002 to 0.1 microns
thick, and up to 1.0 micron in diameter, are found in favored lattice
planes of some biotites.11 The normal lattice plane separation in biotite
is 0.001 micron. Ilton and Veblen have obtained impressive transmission
electron microscope images of biotite cross-sections that contain Cu
inclusions. The Cu in these inclusions was evidently deposited from a
hydrothermal solution. We can expect that similar images for mica
containing uranium and polonium radiohalos would show the lead (stable
daughter of uranium and polonium) inclusions that x-ray analysis has
demonstrated exist at radiohalo centers.12 The unique Spectacle Halo
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impressively indicates diffusion of a uraniferous solution across a biotite
lattice plane.13
The limited knowledge with which we can attempt to model a fluid
infusion process, together with selective deposition of polonium isotopes
at different sites on the infusion plane — particularly the 164 microsecond
half-life Po-214 — leave “explanations” for radiohalos in an unsatisfactory state. There is a difference of opinion as to whether these halos,
particularly those from Po-214 and Po-218, are the direct consequence
of a unique creation event, or are the consequence of physical and
chemical processes that were established at creation.
When faced with a phenomenon their understanding is unable to
comprehend, some individuals who believe in deity as First Cause may
form a conclusion as to “how God did (does) it” that way. If a position
on the subject is then taken publicly, it is difficult to modify this position
when additional evidence indicates that God did it in a different way
than they initially thought. It is desirable for all individuals who have
taken a position regarding the origin of 164 microsecond polonium halos
to hold that position lightly, and in humility, since definitive experimental
evidence is limited. The direct creation in situ model readily accounts
for some features that have not yet been explained to complete satisfaction by migration of radioactive daughter-products.14 A model based
on infusion of daughter-product solutions accounts for incongruities in
the direct creation model.15
SUMMARY

As a summary of the observational/experimental evidence, it can
be noted that the following considerations favor diffusion of a radioactive
solution through crystal lattice planes as an explanation for radiohalos.
1. Association of mineral specimens in which radiohalos are found
with a region that has a relatively high level of radioactivity.
2. The positive relationship between the frequency of radiohalo
appearance and the solubility of the radioactive parent(s) associated with the isotope that produced the halo type.
3. The positive relationship between the frequency of radiohalo
appearance and the half-life of the isotope that produced the
halo.
4. The restriction of observed halo-producing isotopes to the
radioactive daughters of uranium and thorium.
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5. Complete absence of halos from the most probable primordial
isotopes that are not also daughters of uranium and thorium.
6. The radiohalo features of uraniferous wood.
7. Copper and polonium deposition site patterns on mica lattice
planes.
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APPENDIX: POLONIUM ISOTOPE RATIOS

The radioactive solution infusion model requires consideration of
isotope ratios during the early stages of solution development. An investigation of the possible values for these ratios can begin with postulation
of a solution in which all isotopes below Po-218 in the sequence of
Figure 7 are initially at zero concentration, and Po-218 is introduced at
rate R to maintain a concentration [Po-218]. When equilibrium is attained
each radioactive isotope in the series will decay at rate R. With T
representing half-life, R = [Po-218] (ln 2) / TPo-218.
At a constant formation rate, a radioactive isotope will be brought
from zero-level to 95% of equilibrium level in 4.322 half-lives. During
this time the number of isotope atoms produced will be 4.322T times R.
The difference between production and 95% of equilibrium will be conveyed to succeeding isotopes in the sequence. In this example the
equilibrium level for Pb-214, the daughter of Po-218, is given by
TPb-214/TPo-218 times [Po-218]. Calculation of the difference between
production and 95% of equilibrium yields 17.7 [Po-218].
For Pb-214, 95% of equilibrium will be reached in 116 minutes. If
we assume that after 116 minutes Pb-214 is an essentially constant
source of Bi-214, Bi-214 will reach 95% of equilibrium 86 minutes later,
202 minutes following start from zero level. In 202 minutes Pb-214 will
be at the 99.5% of equilibrium level. This consideration, plus the
17.7 [Po-218] carryover from the first 116 minutes, indicates that Bi-214
will be near 100% of equilibrium by 202 minutes after start from zero
level.
Since the equilibration time for Po-214 is negligible in comparison
with the half-life of parent Bi-214, the concentration of Po-214 will
closely follow that of Bi-214, and all isotopes from Po-218 to Po-214
will be in essential equilibrium at rate R by 200 minutes after beginning
of the formation process.
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Since the equilibration times for Bi-210 and Po-210 (21 days and
600 days, respectively) are small compared with the half-life of parent
Pb-210 (22.3 years), the concentrations of these isotopes will follow
the Pb-210 concentration rather closely. At 200 minutes after startup
from zero level, Pb-210 will be at only 0.0012% of its equilibrium level
for input rate R, and Po-210 will be at the same proportionate level.
Since the [Po-210]/[Po-218] equilibrium ratio is 0.667´105, its ratio at
200 minutes is about 0.8.
On the basis of these considerations we can expect a fresh radium
solution to have a Po-210/Po-218 ratio less than one for the initial several
hours of the time for development of the 6.67´104 ratio that is attained
after 100 years.
It is readily apparent from Figure 7 that a site at which there is a
deposit of bismuth and/or lead without polonium will not have a Po-218
ring. The only polonium halos in the U-238 sequence that can be produced
from deposition at such sites are the Po-214 (two rings) and Po-210
(one ring) varieties. The relative frequency with which Po-214 halos
and Po-218 halos are observed may be considered as an indication of
the probability for bismuth and lead deposition without polonium.
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