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Lengthy and rather biased discourse which in-
cludes section on consideration of evidence for a
polyphyletic origin of Tetrapoda which concludes
in favor of manophyletic origin from fishes.

W. R. Thompson, (entomologist), “Evolution and
Taxonomy,” Studia Entomologica, Vol. 5, pp. 549-
570, 1962.
A pertinent article of reasoned criticism of the

“New Systematists” with particular reference to
G. G. Simpson’s, The Principles of Animal Taxo-
nomy (Columbia University Press, New York,
1961). Thompson scrutinizes Simpson’s meta-
physical assumptions and his use of propagandist
artifices. The author supports topological classifica-
tion in opposition to any attempt to impose
speculative evolutionary dogma or Darwinian
mythology on the science of systematic.

W. R. Thompson, “Systematic: The Ideal and the
Reality”, Studia Entomologica, Vol. 3, December,
1960.
An article in defense of the traditional approach

to systematic classification of organisms. Thompson
favors genetic analysis and- physico-chemical
analysis which he considers as positive science in
preference to evolutionary speculation which can be
illusory.

W. J. Tinkle, (botanist), “The Doctrine of Change:
Communism and Her Ally”, Christianity Today,
March 2, 1962, pp. 27 and 28.

Step by step recitation of similarity of determ-
inism and lack of empirical support regarding
claims of Marx and Darwin.  Proposes theory of
degeneration which “would agree with what we
know about entropy”.  Asserts that both communism
and evolution are founded on some data, which are
interpreted wrongly.

D. A. Warriner, Jr., (chemist), What Is Life?
(pamphlet), P.O. Box 31, Troy, Michigan, 1962,
(40c).

This fine booklet presents consideration of some
theological and ‘biological evidences and facts; con-
clusion points out that scientific facts do not support
logically only the theory of evolution or refute
logically the concept of creationism.

E. L. Grant Watson, (zoologist), “The Hidden
Heart of Nature”, Saturday Evening Post, Vol.
234, May 27, 1961, pp. 32, 91 and 92.

Author lists four examples of life histories that
orthodox theories of evolution do not explain. He
refers to behavioral patterns of sea slugs, crabs, sea
anemones, coral reefs, fig trees, and sand wasps. In
closing he criticizes the simile of the tree used by
evolutionists and stresses that all existing species
must be regarded as terminal twigs; hence the tree
concept is “entirely imaginary.” He sees many facts
that contradict classic Darwinism.

END
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PROBLEMS IN ABSOLUTE AGE DETERMINATION

D. O. ACREY, Geophysicist

Amarillo, Texas

The use of ratioactive decay as a basis for

absolute age determinations involves the premise
that a parent element decays at a known rate, which
remains constant, into a daughter element. The
decaying mechanism is assumed in all cases to
occur directly or in a radioactive chain with nothing
added or removed during the process of decay. The
original rock or mineral must either be free of the
ultimate daughter isotope or contain this isotope in
a known proportion to other isotopes so that the
original content of the decay material can be
ascertained.

The Chemical Lead: Uranium Method (or Lead:
Thorium Method). In an isolated chemical system,
the determination of the quantity of parent and
daughter material and the knowledge of the rate
of decay of the parent leads to the solution of the
age of the system. When considering a uranium
mineral and assuming that nothing is added, or
removed, and that no lead was present when the
system was originally formed, an age can be found
by determining the quantities of lead and uranium
(or thorium) and solving the equation

(Daughter) = (Parent) X (eat — 1 )
now now

where ‘a’ is the rate of decay and ‘t’ is the age
determination. Alpha emission is indicated by ‘e’
and involves the following nuclear processes:

U 238--emission of 8 alphas-Pb206

U 235—emission of 7 alphas-Pb207

Th232--emission of 6 alphaa-Pb208

A great many determinations have been made by
this method; however, it has been found that the
premises on which the method is based are not
valid for most uranium minerals. There is definite
evidence of selective uranium leaching by acid
waters (Phair and Levine, 1953), and it is now
known that most radioactive minerals contained
some lead when they were formed. As a result,
the early lead: uranium age determinations can be
considered highly questionable.

The Lead: Alpha Method. An attempt has been
made in recent years to revive the lead:uranium
method. Larsen and his co-workers found that a
few common minerals such as zircon and monazite

are sufficiently resistant to chemical change and
were sufficiently low in lead content at the time that
they were formed to satisfy what they considered
to be the basic requirements of the method so that
age determinations can be made with small enough
error to be useful (Larsen, Keevil, and Harrison,
1952) .

The minerals to be studied are separated from the
rock by standard mineralogic techniques (heavy
liquids, magnetic separator, flotation, etc.) and their
total thick-source alpha activity is determined. The
lead content is established spectrochemically
(Waring and Worthing, 1953) and the approximate
age is determined from the relation

t = C Pb

a

where ‘t’ is the age in millions of years, ‘Pb’ is the
lead content in parts per million, and ‘a’ is the
radioactivity in alphas per milligram-hour. The
constant ‘c’ is 2600 for uranium alone and 1990
for thorium alone.

One of the major problems arising from this
method is the fact that so many of the earth’s
minerals have unknown proportions of thorium
and uranium.

The Isotopic Lead: Uranium Method. Analyses
of whole rocks and a large number of lead minerals,
associated with little or no radioactive material,
show that their lead is composed of four isotopes:
Lead 204, Lead206, Lead207, and  Lead208. The varia-
tion in the composition of this so-called “common”
lead has been explained as a gradual addition of
small amounts of Radiogenic Lead (lead derived
from radioactive decay) throughout geologic time.
Proponents of this method point out that the error
introduced by the variability of the common lead
will not be serious IF most of the lead present is
radiogenic. Presupposition that no great quantity
of common lead was present in the rocks or minerals
at the instant of Creation is without foundation.
Two disadvantages of the method are (1) that
hexavalent uranium is readily leached and (2) that
radon 222, which forms in the decay of uranium238,
is gaseous and might escape from the system (Wick-
man, 1942).
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The Lead:Lead Method. Using the corrected
values for radiogenic lead isotopes, which were
obtained by the subtraction of original lead and
uranium, age determination is attempted from the
equation

P b2 0 7  

= U 235 ( eat — 1 )

P b206 U 238 ( eat — 1 )

At first glance, this method seems to be the best
in that it deals only in isotopic ratios, and some
physicists consider it to be the superior of all lead
methods. Actually, the method is subject to several
errors. Loss of radon222 raises the lead :lead ratio and
the calculated age. A rather large error may be
introduced by the uncertainty in- the composition
of the original lead. Presence of old radiogenic
lead (formed in a prior site of the parent uranium)
may cause great error. Instrumental errors in mass
spectrometry may yield consistently high apparent
proportions of Lead204 and Lead207. Redistribution
of elements by renewed hydrothermal activity may
be a serious source of error in all lead methods.

The Isotopic Lead: Thorium Method. This method
is analogous to the isotopic lead: uranium method
except for the fact that only one parent isotope is
involved. Most of the ages obtained by this method
disagree with the ages of the same minerals com-
puted by other lead methods. The reasons for this
disagreement are largely unknown.

The Lead 210 Method. This method is essentiality
a refinement of the old lead:uranium method. This
newer procedure is based on the principle that the
age of a uranium or thorium mineral can be de-
termined by the ratio of any one of the members
of the decay series to the stable end product, as
long as the series is in equilibrium. Unfortunately,
the Lead 210 Method is subject to the same errors
as the lead:uranium and lead:lead methods, owing
to loss of constituents of the radioactive series by
leaching or emanation. The radon loss could be
ignored if it were constant throughout the existence
of the mineral; such conditions, however, are
believed to be rare or non-existent in nature.

The Helium Method. Helium has a geological
occurrence and distribution that are unique among
the elements. On the average, it is continuously
increasing in amount in the earth’s crust, being
formed at the expense of the elements of the
uranium and thorium series. On the other hand, the
crust is continuously losing helium at a rate that
is less than the amount being formed by radioactive
decay, and there has been an increasing flow of
helium to the surface throughout geologic time in
stable crustal areas. It has been felt that the under-
standing of the magnitude and distribution of this

helium flux in continental areas could best be ob-
tained by a study of the ratios of helium to uranium
and thorium in rocks and minerals. Many complex
and intricate techniques have been tried in this
method of analysis, with varying results. The helium
ratios in most cases showed ages corresponding
roughly with ages inferred from the lead method
studies. In addition to the weaknesses of the lead
method, there are notable exceptions to the accuracy
of the Helium Method. Magnetite obtained from
rocks of a granitic type seem very unreliable. The
unreliability of this type of rock seems to lie at
least in part in the presence of acid-soluble radio-
active contaminants.

A principal problem of this method is the low or
variable helium ratio. It has commonly been
assumed that helium ratios are low because helium
atoms diffuse through the crystalline structures of
rock minerals, accumulate in the boundary regions
of the crystals, and gradually find ways of escape to
the surface through the openings in the rock. If
this were known to be true for all minerals, work
on the method would have stopped long ago. It is
known that the diffusion coefficient for helium in
undisturbed crystals of magnetite, zircon, and
sphene are so small as to permit no measurable loss
of helium in periods of the order of 109 years. It is
not known that the coefficients for common minerals
such as quartz and feldspar are significantly higher.
One difference between these two groups of minerals
unrelated to the permeability of their structures to
the diffusion of helium, is the tolerance of the
structures to substitutions of uranium and thorium
for their essential constituents. Although the helium
content of quartz and feldspar can be measured
easily, it is impossible to know how much of the
radioactivity is contamination. Since quartz and
feldspar crystals probably always grow with less
radioactive element content than their surroundings,
they are no doubt subject to radioactive contamina-
tion from their surroundings. Another factor which
is known to be causing helium loss and which may
account for discrepancies not explained by con-
tamination is the damage to crystalline structure
caused by concentration of the radioactive elements
into localized centers that become intensely
irradiated.

The Strontium Method. A wide variety of
analytical procedures have been used to determine
rubidium and strontium and their isotopes for the
purpose of making geological age determinations.
Three most common procedures are (1) the de-
termination of rubidium, (2) a short-cut spectro-
chemical procedure for determining strontium:
rubidium ratios, and (3) the determination of the
strontium and rubidium by isotope dilution.
Differences in the distillation rates of strontium and
rubidium, as well as the variation in the degree
of ionization of strontium, create problems for

accurate age determinations by this method.
Another source of error is the incompleteness of
precipitation at low concentrations of strontium, as
in comparatively young lepidolites. There are
definite inconsistencies now apparent in the results
of spectrochemical a n d  m a s s spectrometric
strontium :rubidium methods.

Argon 40:Potassium 40 Dating. The discovery of a
long-lived radioactive isotope of potassium was
thought to have opened up many possibilities in the
field of geological dating. It is known that
potassium 40 decays by K-electron capture to argon40

with the emission of a gamma and by beta emission
to calcium40. More exact determinations of the
decay constants are necessary before this method
can really be developed. Another problem is the
loss of argon by diffusion. The amount lost would
be critically dependent on the grain size and
structure of the potassium minerals. The high argon
content of the atmosphere is another source of error
by contamination.

The Carbon14 Method. Carbon 14 emits a beta with
an energy of 0.155 Mev and has a half-life of
approximately 5600 years. It can be made in the
neutron pile by the reaction

N 14(n,p) C14

Since the cross sections of oxygen, argon, carbon,
and hydrogen are much lower than that of nitrogen,
the reaction will consume nearly all of the neutrons
formed. Thus the rate of production of neutrons is
substantially the same as the rate of production of
Carbon 14. One of the assumptions of this technique
is that cosmic radiation has been constant in in-
tensity over the last 30,000 years or more. A steady
state is predicted, exactly analogous to the secular
equilibrium among the decay products of radio-
active chains. It is assumed that the rate of decay
of carbon14 will then equal its rate of formation.

The carbon14 thus formed can be expected to
follow a definite geochemical path. In the oxidizing
conditions of the upper atmosphere it will be con-
verted rapidly to carbon dioxide, and once in this
form will enter the carbon cycle. In time it will be
mixed throughout the atmosphere, living and other
organic matter, and the carbonate dissolved in the
sea.

Another problem involving this technique is a
further assumption when using this method in dating
studies. There must be materials in which, after a
definite period, no exchange reactions or gross
replacement of materials can take place. This critical
time can occur at the death of the organism. or at

the time of laying down of wood or shell; however,
there is no supporting scientific fact to back up this
assumption. The difficulty of reconciling some of
the dates obtained from this method with other
evidence has led some geologists to question the
applicability of the method to samples stored under
moist conditions.

CONCLUSION
The old argument still holds that stratigraphic

time boundaries stem from the study of sediments,
but nuclear determinations of absolute time can be
made only on igneous rocks, with very few excep-
tions. The geologic time relationship between sedi-
ments and igneous rocks is rough and frequently
obscure, even in areas that have been studied
geologically in great detail. Most of the geologic
time scales that have been published are based on
uncritical compilation of a wide variety of data,
so that the overall figures are necessarily very
rough. The basic assumptions should always be
remembered.
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accurate age determinations by this method.
Another source of error is the incompleteness of
precipitation at low concentrations of strontium, as
in comparatively young lepidolites. There are
definite inconsistencies now apparent in the results
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and hydrogen are much lower than that of nitrogen,
the reaction will consume nearly all of the neutrons
formed. Thus the rate of production of neutrons is
substantially the same as the rate of production of
Carbon 14. One of the assumptions of this technique
is that cosmic radiation has been constant in in-
tensity over the last 30,000 years or more. A steady
state is predicted, exactly analogous to the secular
equilibrium among the decay products of radio-
active chains. It is assumed that the rate of decay
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mixed throughout the atmosphere, living and other
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there is no supporting scientific fact to back up this
assumption. The difficulty of reconciling some of
the dates obtained from this method with other
evidence has led some geologists to question the
applicability of the method to samples stored under
moist conditions.

CONCLUSION
The old argument still holds that stratigraphic

time boundaries stem from the study of sediments,
but nuclear determinations of absolute time can be
made only on igneous rocks, with very few excep-
tions. The geologic time relationship between sedi-
ments and igneous rocks is rough and frequently
obscure, even in areas that have been studied
geologically in great detail. Most of the geologic
time scales that have been published are based on
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so that the overall figures are necessarily very
rough. The basic assumptions should always be
remembered.

LITERATURE
Ahrens, L. H. (1946) Determination of the age of minerals

by means of the radioactivity of Rb, Nature 157, 269.
Ahrens, L. H. ( 1948) Measuring geologic time by the

strontium method, Bull. Geol. Soc. Amer. 60, 217-266.
Aldrich, L. T., J. B. Doak, and G. L. Davis (1953) The use

of ion exchange column in mineral analysis for age
determination, Am. J. Sci. 251, 377-387.

Allan, D. W., R. M. Farquhar, and R. D. Russell (1953)
A note on the lead isotope method of age determination,
Science 118, 486-488.

Carnegie Institution, Washington (1954) Age of rocks,
Year Book 53, 78-84.

Collins, C. B., R. M. Farquhar, and R. D. Russell (1954)
Isotopic constitution of radiogenic leads and the
measurement of geologic time, Bull. Geol. SOC. Amer.
65, 1-22.

Flint, R. F., and E. S. Deevey, Jr. (1951) Radiocarbon
dating of late Pleistocene events, Am. J. Sci. 239,
257-300.

Fritze, K., and F. Strassmann (1952) Determination of
geologic age by the potassium-argon method, Natur-
wissenschaften 39, 522-523.

Gerling, E. K., G. M. Ermoline, N. V. Baranovskaia, and
N. E. Titov ( 1952) First results in the application of
the argon method to determination of the age of
minerals, Doklady Akad. Nauk S.S.S.R. 86, 593-596.

Holland, H. D., and J. L. Kulp (1950) Geologic age from
metamict minerals, Science 111, 312.

Holmes, Arthur (1954) The oldest dated minerals of the
Rhodesian shield, Nature 173, 612-614.

Johnsin, F. ( 1951) Radiocarbon dating, Mem. Soc. Am.
Archaeology, no. 8.

Kulp, J. L., G. L. Bate, and W. S. Broecker (1954) Present
status of the lead method of age determination, Am.
J. Sci. 252, 346-365.

Zeuner. F. E. ( 1952) Dating the past, Methuen, London,
495 pp.




