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WHAT THIS ARTICLE IS ABOUT

Among the 92 elements from hydrogen to uranium, helium is
unique in not having a universally characteristic isotope ratio.
Various mixtures of helium from three primary sources produce
He-3/He-4 ratios over a six orders-of-magnitude range. The primary
sources are: primordial, radiogenic, and cosmogenic. The concentrations of He-3 in many minerals, sediments, and volcanic provinces
indicate that conventional geologic age assignments are grossly
inflated, since these concentrations are orders-of-magnitude greater
than may be expected on the basis of laboratory measurement of
diffusion rates.
Attempts to account for the He-4 in Earth’s atmosphere on the
basis of diffusion of radiogenic helium from the crust and thermal
loss to outer space yield unreasonable models. This consideration,
and observations concerning non-thermal escape processes first
made during the 1970s, have led to the conclusion that helium escape
from Earth is largely by nonthermal processes. Of the seven such
processes that have been identified, the greatest loss appears to be
in a polar “wind” of ions accelerated along open lines of magnetic
field in the regions surrounding Earth’s magnetic poles.
INTRODUCTION

Among the chemical elements that exist with significant abundance
in the Solar System, helium is unique in that it has the smallest ratio of
minimum to maximum isotope abundance among the 86 elements that
have more than one isotope (various numbers of neutrons in the nucleus).
As given in the standard tables of relative isotope abundance, the
Helium-3/Helium-4 ratio is only 0.000,00137 (1.37 x 10-6). Standard
helium is 99.999,863% He-4, and 0.000,137% He-3.1 These data refer
to helium in Earth’s atmosphere. The nearest competitors for lowest
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isotope abundance ratio among the 92 elements are calcium with 0.004%
abundant Ca-46, and uranium with 0.0055% abundant U-234.2
VARIATION OF HELIUM ISOTOPE RATIO

The isotope ratios of an element generally are a physical characteristic that is independent of the source from which a sample may be
obtained.3 Helium is a dramatic exception.
In lava samples taken October 1-7, 1996, from various locations on
Lohi seamount, an active submarine volcano situated about 30 km south
of the island of Hawaii, the He-3/He-4 ratio R varied from 11.5 to 25.3
times the 1.37 x 10-6 characteristic value for air (RA).4 Stepwise heating
of limestone from a quarry in Kunnekulle, Sweden, released helium
with R/RA ratios from 0.22 at 410°C, to 8.25 at 796°C just below fusion,
and 22.7 at fusion.5 Additional significant values of R/RA are listed in
Table 1.
The R/RA values cited in Table 1 cover a range of over 25,000 from
terrigenous sediment to Lohi seamount. It is fully evident that helium
does not have a characteristic isotope ratio, as do the other chemical
elements. A general characteristic of volcanic regions is that He-3/He-4
ratios in the rocks are similar in the central area, regardless of lithology
and presumed eruption age; and decrease with distance away from the
central area.6 These unique features indicate that terrestrial helium comes
from different sources, each with a distinct characteristic isotope ratio.
SOURCES OF HELIUM

Helium has three basic sources: primordial (initial creation), radiogenic (a product of radioactive decay), and cosmogenic (a product of
nuclear reactions initiated by cosmic radiation). Elements that exist as a
direct consequence of initial creation would be expected to have
characteristic isotope ratios, with due allowance for minor changes that
could have occurred since creation due to the slight changes that may
have developed in some samples as the result of the dependence of
diffusion rate and chemical reaction rate on atomic mass. The primordial
He-3/He-4 ratio may be designated as RP. Unfortunately, no sample of
helium has become available that can with 100% confidence be considered as primordial.
On the basis of geological considerations an estimate of (RP/RA) _~ 73
has been suggested.33 Excluding the items that may represent cosmogenic
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TABLE 1. He-3/He-4 RATIO, R/RA
in Proportion to RA = 1.37 x 10-6 for Earth Atmosphere
Source

R/RA

Earth Reference
Earth atmosphere7
Groundwater8
Crust average9

1
0.003-0.83
<0.015

Extraterrestrial
Solar wind10
Solar helium 11
Average star12
Interstellar helium13
Interplanetary dust14
Lunar dust15
Meteorites16

314
280
146
157
292
270
175

Igneous
Mantle magma17
Carbonatite, Koala, Russia, “380 Myr old”18
Upper mantle19
Lohi seamount 20
Mid-Ocean-Ridge basalt (MORB)21
Ocean Island basalt22
Andean lava23
Flood basalt, Ethiopia (Oligocene)24

2.9-7.3
4.9-19.1
8.5
11.5-25.3
8±1
6-35
0.18-6.9
0.035-19.6

Sediment
Deep ocean sediment25
Terrigenous sediment 26
Marine limestone, Sweden, “480 Myr old”27

0.007-226
0.001-0.34
0.22-22.7

Gas
Yellowstone Park gas28
North Sea oilfields gas29
Texas helium wells30

16.6
0.28-0.38
0.150

Diamonds
Industrial diamonds 31
North Kazakhstan diamonds32
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helium, the data in Table 1 indicate that (RP/RA) $25. A theoretical
estimate from Hot Big Bang cosmology suggests primordial (He-3/He-4)
_~ 10-4, about 73 times R .34 Since He-3 is in a higher energy state than
A
He-4 (14.9 vs 2.3 MeV Mass Excess), matter that is the result of a
supernova might have a lower (He-3/He-4) ratio (available energy is
reduced in natural processes). We must keep in mind that Big Bang
cosmology and the role of supernovae are highly speculative, and their
specifications do not necessarily describe matter that appeared in an
ex nihilo creation.
Analysis of the isotope abundances of the light elements may provide
a clue concerning a probable value for RP. None of the first 21 elements
in the periodic table, hydrogen through scandium, for which the most
abundant isotope is even-numbered has an isotope of lower odd number,
with the exception of helium.35 He-3 is the only stable isotope with
more protons than neutrons. These relationships strongly support a
speculation that primordial helium did not initially contain He-3.
One source of radiogenic He-3 is the daughter-product of radioactive
H-3 (tritium). Since tritium has a 12.33 year half-life, 50 years after the
instant of primary primordial creation 94% of the H-3 created would
have converted to He-3. Consequently He-3 produced from primordial
H-3 may be considered as primordial helium. Hydrogen is 0.015% H-2.
Since odd-numbered isotopes tend to be lower in abundance than associated even-numbered isotopes, it is reasonable to presume that in an
instant of primordial creation any H-3 created was with abundance
<0.015%. If the present cosmic-ray ratio of H/He, which is at least
four,36 represents the primordial H/He ratio, 70 years after Creation the
He-3/He-4 ratio probably would have been less than 0.0006 (4 x 0.015%),
and less than 430RA.
RADIOGENIC HELIUM

The major source of terrestrial helium appears to be from the ongoing
transformation of heavy elements into lead. For every atom of lead
derived from Uranium-238, or Uranium-235, or Thorium-232, there is
produced 8, or 7, or 6 atoms, respectively, of He-4. A small amount of
He-4 is also produced in the relatively rare spontaneous fission of radioactive heavy elements. Radiogenic helium is 100% He-4.
According to the best estimates for the composition of Earth’s crust,
there is a 1.9 x 1014 kg inventory and a 2.5 x 106 kg annual production of
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He-4.37 If there has been no loss to outer space, this inventory corresponds to about 80 million years of radiogenic accumulation. If the mass
of planet Earth (the “foundation” of the earth, as the term “earth” is
defined in Genesis 1:10) was created less than 10,000 years ago, these
considerations together with the terrestrial data in Table 1 require speculation that at least two types of primordial helium were produced in the
initial creation: one with RP/RA >40, and one with RP/RA <0.001.
The data in the CRC Handbook of Chemistry and Physics specify
Earth’s atmosphere to have 5.136 x 1018 kg total mass, 5.24 x 10-6 volume
fraction of helium, and a molecular weight average of 28.57. According
to these data the atmosphere contains 3.8 x 1012 kg of helium. To produce
this amount of helium by the radioactive decay in the crust would require
over 1.5 million years. Additional accumulation time would be required
to account for loss from the atmosphere into outer space.
COSMOGENIC HELIUM

Helium produced on Earth by cosmic rays, and helium that comes
to Earth from outer space, can be classified together as cosmogenic
helium. Helium comes from outer space in the solar wind, and in meteoroids and interplanetary dust. Both He-3 and He-4 are produced in the
breakup of atoms struck by cosmic-ray particles, and from nuclear
reactions with the neutrons and muons produced by such breakup.38
Production of helium by cosmic radiation is limited to the atmosphere
and the top few meters of Earth’s surface.39 Estimates of cosmogenic
helium production at Earth’s surface are in the order of 10 4 atoms per cm2
of Earth surface per year.40 Since the estimated production by radioactivity within the crust averages 7.4 x 1013 atoms per cm2 of surface
per year,41 the quantity of helium produced by cosmic radiation is a
relatively negligible consideration. For meteoroids and cosmic dust that
have no atmospheric shielding, production by cosmic radiation is a major
consideration.
With interplanetary dust accumulating on Earth at the rate of
~ 4 x 10 4 tons/yr,42 and an average He-3 content of 6.8 x 1014 atoms/gram,43
the He-3 accumulation to Earth via interplanetary dust (IDP) is 136 g/yr.
For an IDP R/RA _~200 (see Table 1) this represents about 700 kg/yr of
He-4, which is negligible compared with 2.5 x 10 6 kg/yr from radioactivity in the crust.
Since helium in the solar wind is ionized, Earth’s magnetic field
provides a shield that diverts a large portion of the solar wind helium
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from striking the surface.44 As may be expected, the contribution from
solar wind, together with that from IDP and cosmic-ray production is
negligible in comparison with the production from radioactivity in the
crust.
It is of passing interest to note that if the only sources of atmospheric
helium had been radiogenic and cosmogenic, at present estimated rates,
the atmospheric He-3/He-4 ratio would be in the vicinity of only 5% of
the presently observed value.45
HELIUM-3 CONSTRAINTS ON GEOLOGICAL AGE

Since helium forms chemical bonds only in rare cases, and since it
has only two orbital electrons; it diffuses relatively rapidly through a
host mineral, and concentrations of He-3 above that in the surrounding
medium should dissipate rapidly. The dissipation of a localized high
R helium is analagous to the dissipation of a drop of dye on a large
surface of water that has been tinted lightly with the same color. The
concentration of He-3 atoms becomes distributed among an increasingly
larger number of He-4 atoms, as the concentration of dye molecules
become distributed in an increasingly larger number of water molecules.
Any radioactive material that might be in the sediment would contribute
only He-4, and increase the rate at which R is reduced.
In a report on He-3/He-4 ratios in Central North Pacific pelagic
clay sediment, K.A. Farley (1995) noted that “Laboratory diffusion
measurements extrapolated to sea-floor temperatures predict complete
diffusive loss of 3He from IDP magnetite grains in <107 years after
fallout.”46 The extraterrestrial data in Table 1 establish an upper
boundary for R from which diffusion to an indistinguishable background
level would be expected in <107 years. Yet the 1360-1365 cm interval
of sediment core LL-44-GPC-3 has R/RA = 150, and an assigned
geologic age of 45.18 Myr.
Farley’s resolution of the dilemma is in proposing that the natural
diffusivity in IDP is several orders-of-magnitude less than indicated by
laboratory determinations. A simpler, more reasonable conclusion is
that conventional geological age dating is incorrect — that Core
LL-44-GPC-3 is a sample of post-biblical-Flood sediment that accumulated <5500 years ago.47 Farley’s treatment of the data indicates that
during the Quaternary, ocean sediment accumulated in the order of ten
times faster than throughout the preceding 65 millions years of the
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Tertiary. Restricting “Tertiary” to the early portion of post-Flood time
produces a more reasonable pattern of sediment accumulation rate.
The 150 value for R/RA in the 1362 cm vicinity of Core LL-44-GPC-3
may indicate sediment deposit associated with passage of Earth through
a region of interplanetary dust and meteoroid concentration.
Another indication that geological age assignments are grossly inflated is provided by helium in diamonds. In reporting their investigations
of helium in diamonds, R.C. Wiens et al. (1994) note that “Measured
and extrapolated effective 4He diffusivities at 1200°C are…much higher
[5-10 orders of magnitude] than…required for quantitative helium
retention over diamond ages”; “Bulk retention of trapped mantle helium
over the age of most diamonds (>1 Ga) would require effective diffusion
coefficients at least several orders of magnitude lower than that inferred
for the cosmogenic helium component at 1200°C, typical of mantle
temperatures.”48
The remarkable similarity of helium isotope ratios (R/RA = 6.1 ±0.7
to 6.65 ±0.25) of volcanics in the Massif Central (France), the Eifel
(Germany), the Spitsbergen (Arctic Ocean), and the Kapfenstein (Austria)
Cenozoic volcanic provinces of Europe, regardless of geologic age
assignments ranging from 3.5 thousand to ten million years,49 taken
together with the high diffusivity of He-3, is further indication that conventional geological age assignments are vastly inflated. Any mineral
for which the He-3/He-4 ratio is markedly greater than that for the
surrounding area, and that has a geologic age assignment in the millionsof-years range, is evidence for orders-of-magnitude discrepancy between
real time and the conventional age assignment. As was already noted
above, due to the high diffusivity of helium a concentration of relatively
high R will blend together with a lower concentration in the surrounding
area. The higher diffusivity of He-3 with respect to He-4 will augment
the rate at which this blending occurs.
An analysis of olivine and clinopyroxine surface samples from the
Bismarck Archipelago of Papua, New Guinea, gave cosmogenic He-3
concentrations that could be generated in 2.5-16 thousand years at an
estimated present cosmogenic He-3 production rate (63 atoms per gram
per year at sea-level on the equator).50 An estimate that is uncertain
within the range 2.5-16 kyr is in satisfactory agreement with formation
of these islands since the Genesis Flood.51
According to Farley (1995),52 He-4 concentrations in a 23 m length
of central North Pacific pelagic clay core presumed to extend to ~72 Ma
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ago, are up to two orders-of-magnitude below predictions based on
geological age assignments. The He-4 concentrations in this core
decrease with depth, rather than increasing as would be expected on
the basis of helium production and diffusion over the assigned age of
core segments. Uranium concentration values reported in the source of
the data on this core53 also decrease with depth, exhibiting minor variations about a representative constant He/U ratio. From my perspective,
the data are most readily explained by deposition over a few thousand
years with sediment that has a U-He age characteristic which does not
relate to the time of deposition.
Authors and editors are naturally inclined to, and are under pressure
to, publish material that is readily understandable from the perspective
of the prevailing concepts that presume geological features represent
gradual overall development over millions of years. The appearance in
the professional literature of the examples cited in this section indicates
that there is a solid scientific basis for reconsidering the prevailing
concepts related to geologic time.
LOSS OF HELIUM TO OUTER SPACE

An understanding of the helium content of the atmosphere must
take into consideration the processes by which helium is lost to outer
space. Representing the flux of the ith sort of atoms to outer space per
unit area of surface by iF,
i
i

F = in x if,

(1)

th

with n the number of the i sort of atoms per unit volume at the elevation
for which determination is made, and if a factor with units of velocity
that specifies the portion of these atoms that have an outward component
of velocity equal to or greater than the escape speed vesc.
vesc = [2GM/r]½,

(2)

with G the universal constant of gravitation, M the mass of Earth, and r
the distance from Earth-center for which vesc is specified.
There are three types of process by which an atom may acquire
sufficient speed to escape Earth’s gravitation: (1) ionization and subsequent acceleration in electric fields, particularly in the regions around
the magnetic poles54; (2) collisions that transfer energy from ions in the
solar wind, or atoms that have been ionized by ultraviolet light; and
(3) the high-energy portion of the thermal energy distribution (Jeans
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escape).55 Jeans flux has been estimated to account for only about 1/6
of the helium loss from Earth’s atmosphere.56 Such estimates should be
accepted with caution, since they may be derived from an assumption
of helium equilibrium in the atmosphere, rather than actual physical
measurements.
Since a quantitative estimate can be made readily for proposed
Jeans flux, and even crude direct estimates have not been available for
loss by ion acceleration and non-thermal collision interactions, treatment
of atmospheric helium dynamics has usually featured Jeans flux.57 For
Jeans flux the appropriate if factor in Equ. (1) above, ifth, is
i

fth = (2π½)-1vesc[(1+λ)/λ½]e-λ ,

(3)

λ = (vesc/vmp)2

(4)

vmp = (2κT/m)½

(5)

in which

with vmp = most probable velocity, κ = Boltzman’s gas constant, T =
absolute temperature in °K, and m = mass of the molecule.58
The concentration in the region from which escape to space is
evaluated, in, may be a more significant factor in Equation (1) than if,
the fraction of atoms that escape from that region. With a concentration
gradient from Earth’s surface to outer space, diffusion considerations
would be the dominant factor in the establishment of in. The Jeans flux
for the portion of in that have sufficient energy to escape the gravitational
field is based on the Maxwell-Boltzman energy distribution function
which is strictly valid only for an equilibrium state within a confined
region, regardless of whether that region is defined by physical boundaries. Thus if there is escape, the Jeans flux provides at best only a first
approximation to the actual portion of in that flow outward per unit of
time as a consequence of energy acquired through thermal interaction.59
Table 2 is a tabulation of Jeans flux parameters for atmospheric
helium at 800 km altitude (radius 7171 km from the center of Earth) and
1000°K. These temperature and altitude values were chosen from
Figures 4 and 5 of the Astronomical Constants section of the CRC
Handbook of Chemistry and Physics.60 Values estimated or calculated from estimated values are shown in italics. Values measured or calculated from measured values are in bold face. All other values are from
Jeans thermal flux escape calculations. The surface area of a sphere
of 7171 km radius is 6.46 x 1018 cm2. For the production, P, of He-4 at
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TABLE 2. THERMAL ESCAPE FLUX DATA
Parameter
n
vmp (at 1000 °K)
vesc (at 800 km alt.)
* fth
Fth = n x fth
Lth = Fth x Area
Q
Rth = Lth/Q
Qmax = P/Rth
P

He-3
1.4 atoms/cm3
2.35 km/sec
10.54 km/sec
2.6 x 10-3 cm/sec
3.6 x 10-3 atoms/cm2/sec
2.3 x 1016 atoms/sec
7.8 x 1032 atoms
2.9 x 10-17 sec-1
5.6 x 1035 atoms
1.6 x 1019 atoms/sec

He-4
10 6 atoms/cm 3
2.04 km/sec
10.54 km/sec
4.0 x 10-6 cm/sec
4.0 atoms/cm2/sec
2.61 x 1019 atoms/sec
5.7 x 1038 atoms
4.6 x 10-20 sec-1
2.6 x 1044 atoms
1.2 x 1025 atoms/sec

*f as defined for Equ (1), fth indicating thermal escape

equilibrium concentration, Qmax, the value 1.2 x 1025 atoms/sec for
radiogenic production in the crust is used.
An estimation of the equilibrium concentration, Qmax, for He-3 may
be obtained from noting that for both He-3 and He-4
Q = Qmax(1-e-Rtht).

(6)

He-4 Qmax may be determined using for P the He-4 production in the
crust, assuming that at equilibrium thermal escape from the atmosphere
will equal diffusion from the crust into the atmosphere, and diffusion
from the crust is equal to production in the crust. The 2.6 x 1044 atoms
value in Table 2 was calculated on this basis. Simultaneous equations
may be obtained from Equ. (6), using the present inventory for Q, the
appropriate respective values for Rth, and an unspecified time tp (present)
for t. Eliminating tp between the two equations produces an equation
that may be solved for He-3 Qmax to obtain the 5.6 x 1035 atoms value in
Table 2.
The reciprocal of Rth as defined in Table 2 is the exponential relaxation time, Tr — the time in which an exponential term multiplies or
divides e-fold (2.718 times). Table 3 lists significant time intervals for
evaluation of the thermal escape model. The reader should keep in
mind that these time intervals are hypothetical, and are based on the
assumption that the atmosphere at one time did not contain any helium.
64
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TABLE 3. CHARACTERISTIC TIME INTERVALS
FOR THERMAL ESCAPE
Interval
Relaxation Time, Tr
Time to reach present Q
Time for 98% equilibrium

He-3

He-4

1.1 billion years
1.5 million years
4 billion years

690 billion years
1.5 million years
2.7 trillion years

For a crustal production rate 1/10 as great as that based on uniform
distribution of U and Th (3.75 x 1031 atoms He-4 per year), Qmax would
be 2.6 x 1043 atoms for He-4, and 5.6 x 1034 atoms for He-3; and the
time for reaching the present Q would increase from 1.5 million years
to 15 million years.
In the same way that Qmax for He-4 was derived from a value for
the production rate, the production rate for He-3 may be derived from a
value for its Qmax. The time-projection of He-3/He-4 ratio in the atmosphere, according to the thermal escape model, indicates relatively rapid
(i.e., compared with He-4) accumulation of He-3 to an equilibrium level
which is about 1/450 of that which would be expected if the two isotopes
had equal probability for loss to outer space (quotient of Equilibrium and
“Time-Zero” ratios of Table 4). The “Time-Zero” value is obtained
TABLE 4. TIME-PROJECTION OF ATMOSPHERIC He-3/He-4 RATIO
“Time-Zero” Ratio

1.0 x 10-6

Present Concentration Ratio

1.4 x 10 -6

Equilibrium Ratio

2.2 x 10-9

from recognition that in a backward approach to the limit of time-zero,
the concentration ratio approaches the production ratio. It must be kept
in mind that these considerations assume constant annual diffusion into
the atmosphere of the amount of He-4 that has been estimated for the
present yearly radiogenic production of helium in Earth’s crust. In
10 billion years the He-4 production in the crust is projected to be about
half its present rate. Consequently, conclusions from the foregoing
analysis should not be extended beyond a range of about two billion
years.
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BOUNDARY-LIMITED THERMAL MODEL
FOR ATMOSPHERIC HELIUM

The extreme disequilibrium, and the unrealistic time-interval projections of the Jeans escape model as developed in the foregoing paragraphs, make the usefulness of this model highly questionable. Before
discarding it, the possibility for modifying basic assumptions sufficiently
to make the model more attractive should be investigated. Modification
of these assumptions to the extreme extent I think might be justified
yields what may be designated as the Boundary-Limited Thermal Model.
For this model, He-4 production is presumed to be 1/10 of the value
obtained from assumed uniform distribution of thorium and uranium
from the surface to the base of Earth’s crust. And the kinetic temperature
of the escape region is presumed to be 1500°K, the upper extreme of a
range of uncertainty that may be inferred from Figure 4 in the CRC
Handbook of Chemistry and Physics.61 The Jeans escape function is
so sensitive to temperature that this 500° increase produces an increase
of about 5400-fold in the thermal escape flux. The specifications of this
model are given in Table 5, with presumed values in italics, and measured
values in bold-face.
Although the time values of the Boundary-Limited Thermal Model
are all within the usually accepted 4.6 billion years for the age of Earth,
TABLE 5. BOUNDARY-LIMITED MODEL
FOR ATMOSPHERIC HELIUM
Parameter
vesc (at 800 km)
vmp (1500 °K)
Lth
Qp
Rth = Lth/Qp

He-4

10.54 km/sec

10.54 km/sec

2.88 km/sec

2.49 km/sec

1.6 x 1019 atoms/sec
5.0 x 1026 atoms/yr

1.4 x 1023 atoms/sec
4.4 x 1030 atoms/yr

7.8 x 1032 atoms
-14

2.1 x 10 sec
6.6 x 10-7 yr-1

-1

5.7 x 1038 atoms
2.5 x 10-16 sec-1
7.8 x 10-9 yr-1

2.6 x 1019 atoms/sec

1.2 x 1024 atoms/sec

Qmax = P/Rth

1.2 x 1033 atoms

4.8 x 1039 atoms

tp

16 million years

P

tr = 1/Rth
Time to 98% Qmax
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He-3

16 million years

16 million years

128 million years

6 million years

501 million years
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the extreme assumptions that are necessary to accomplish this make
the best accomplishment of Jeans escape modeling to be inducement to
search for non-thermal mechanisms by which helium might escape
Earth’s atmosphere.
NONTHERMAL ESCAPE

Before space exploration provided direct measurements of the gases
in the exospheres (regions from which escaping particles originate) of
Earth and the other inner planets of the Solar System, treatment of
escape from the upper levels of an atmosphere seemed fairly straightforward.62 In the data that became available from space missions were
surprises that have considerably altered our understanding of atmospheric
stability.63 It is now recognized that there are probably seven nonthermal
processes64 by which gases may escape a planetary atmosphere (see
Table 6). Five of these seven involve atoms in an ionized state to which
TABLE 6. NONTHERMAL ESCAPE MECHANISMS65
1. Charge exchange collisions: high kinetic energy ion becomes
a neutral atom.
2. Dissociative recombination: ionized molecule breaks up and
gives kinetic energy to a component.
3. Impact or photo dissociation: molecule breakup into two high
kinetic energy components.
4. Ion-neutral reaction: ionization energy converted to
kinetic energy.
5. Sputtering or knock-on: backward “splash” from atoms or
ions impacting Earth’s outer atmosphere.66
6. Solar-wind pickup: entrapment in the solar wind.
7. Polar region ion escape: acceleration in electric fields and
escape along open geomagnetic field lines.

the Jeans escape does not apply. Ion escape at the magnetic poles
where there is no transverse acceleration of a moving charged particle
is considered by Chamberlain and Hunten67 to be the principal means
by which helium escapes from Earth. A recent issue of Physics Today68
has a space-vehicle photograph of the solar ultraviolet light scattered
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by the ionized helium surrounding Earth. This photo indicates that a
distinct concentration of helium extends over a region about three times
the diameter of Earth (elevation about 8000 miles, or 13,000 km, above
Earth surface).
There is need for a quantitative model that enables determination
of the extent to which the rate of helium loss to outer space is limited by
diffusion, rather than by the processes for attaining escape velocity.
According to one estimate, the loss of hydrogen to outer space is
determined by the diffusion to the exosphere.69 If all the atoms of a
specific type in a layer of the exosphere are eventually lost to outer
space, the population gradient of that type in the underlying layers will
adjust to a level that supports a loss rate to outer space that is equal to
the rate of input by diffusion, making diffusion the limiting factor in the
establishment of a loss rate.
CONCLUSIONS

One firm conclusion which can be made is that the dynamics of
helium isotope concentrations in Earth’s crust and atmosphere are highly
complex, and beyond adequate treatment with a simple model. Treatment
of helium in the atmosphere as if thermal considerations (Jeans escape)
account for the major loss to outer space produces a model that specifies
a high degree of disequilibrium, and indicates an equilibration time within
a range between half a billion years and greater than the half-life of
uranium, even greater than the proposed age of the Solar System. It is
evident that Jeans escape modeling does not relate adequately to physical
reality; and that, contrary to claims frequently made in creationist
literature, it does not provide significant evidence in support of (or contradictory to) a young-earth viewpoint.
There is ample evidence that consideration must be given: (a) to
diffusion flow of helium to the region from which loss to outer space
occurs; (b) to loss from ion acceleration in the regions around the
magnetic poles; (c) and to loss from energy gain in collision with solar
wind atoms and atmosphere atoms that have been elevated to a high
energy state by ultraviolet radiation.
There is an option of considering the primordial creation of the
matter in Earth’s crust and atmosphere to have been coincident (within
one week) with the placement of organic life on the planet. In this
option the helium isotope distribution in the crust, the atmosphere, and
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areas of volcanic activity on the surface should be recognized as requiring
the creation of at least two types of helium, each with a distinct primordial He-3/He-4 ratio, differing by several orders-of-magnitude. This
seems unlikely. There is no evidence for the creation of any other element
in this manner, and no evidence of need for helium to be so different
from all other elements. The present helium content of Earth’s atmosphere may not be any more explainable than is the present nitrogen
and oxygen content.
With the data at hand we should at least be able to predict trends in
atmospheric helium abundance and isotope ratio. An unexpected conclusion from this study is the low rates that may be anticipated for these
trends, if thermal escape is a dominant factor. According to the
“Boundary-Limited Thermal Model” He-4 will not reach equilibrium
level in the atmosphere until around 400 million years in the future! The
simplistic assumptions on which the model is based may not be expected
to be applicable over so long a time period. The question of the rate of
loss of helium to outer space remains an enigma. Several alternatives
are possible.
One clear implication of the helium isotope data in the professional
literature is that conventional geologic age assignments may be grossly
inflated. The implications of laboratory-determined He-3 diffusion rates
are persistently ignored in favor of conventional geologic age
assumptions. Any mineral for which the He-3/He-4 ratio is conspicuously
higher than for the surrounding minerals or area, is prime evidence that
the host igneous or sedimentary formation was emplaced within the
last few million years. On the basis of helium isotope ratio data, there is
better scientific foundation for placing the formation of the Phanerozoic
portion of the geologic column within the past 10,000 years than to
extend it over 500 million years.
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