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On a spring day in 1904, Ernest
Rutherford was giving a lecture
at the Royal Institution in

London on his disintegration theory of
radioactivity. His research with Fredrick
Soddy at McGill University in Montreal
had shown that as radioactive elements
released their high amounts of energy, they
were actually decaying spontaneously into
different elements. This experimentally
supported demonstration of alchemy was
a seminal piece of work, to say the least.
It ushered in a century of nuclear physics
and described the source of most of the
inherent warmth of the Earth.

On that day about 100 years ago, howev-
er, the young scientist had concerns that
were diplomatic in nature. Upon observing
the precise exponential character of radioac-
tive decay, he had rather quickly come to
the conclusion that it could be used for
calculating the ages of geological materials.
In initial measurements, he aged a piece of
pitchblende, the main component of urani-
um ore, to be several hundred million years
old. On the other hand, the eminent and
self-confident physicist William Thompson
(Lord Kelvin), who, incidentally, was
nodding off in the front row of the lecture
hall that day, had recently published his
calculation that the Earth itself could be no
older than about 20 million years. 

To avoid an awkward situation, Ruther-
ford put on the charm during the portion
of his talk that dealt with the implications
of radiometric dating. And it worked as far
as pacifying Kelvin (“the old boy beamed
upon me”, recounted Rutherford), although
he was never fully convinced of Ruther-
ford’s claim. The fact was, however, that 20
million years was a grand underestimate.
Radioactive decay would provide the phys-
ical means to give the Earth its due.

Spiritual considerations are, of course,
commonly involved in thoughts on the
origin of the planet, and it is not surpris-

ing that religion was the initial source for
determining the Earth’s age. Eastern reli-
gions, such as Hinduism and Jainism, tradi-
tionally suggest that the Earth is eternal or
goes through eternal creation–destruc-
tion cycles. Traditional Judeo-Christian
faith, on the other hand, looks to the Bible
with such questions and has much short-

er, and pretty specific, answers. Most
famously, in 1650, Archbishop James Ussh-
er of the Church of Ireland published a
“starting” date of October 23, 4004 B.C.,
based on a careful study of Genesis. This
date was printed in some versions of the
King James Bible for the next 200 years.

Despite the authority associated with
this date, the Earth being younger than
6000 years was highly questionable to
many. And scientists began to approach
the problem more empirically. Thermo-
dynamics was a blossoming science in the
18th and 19th centuries, and it became
the method of choice for the first scien-
tifically based estimates of the age of the
Earth. The assumption of these attempts
was that the planet originated as a molten

sphere and that it was continuously dissi-
pating heat. Thus, determining the rate of
dissipation would provide a means of calcu-
lating the Earth’s age. In 1774, Georges-
Louis Leclerc, comte de Buffon, of France,
monitored the cooling process of small
spheres and estimated an age of between
75,000 and 168,000 years. Lord Kelvin,
one of the most prodigious scientists and
inventors of his time, made very precise
calculations for the cooling process of the
Earth and, in 1862, arrived at a value of
98 million years, which he later revised to
about 20 million years.

The problem with these values, howev-
er, is they didn’t agree with blossoming
scientific theories of the day. According
to the work of James Hutton in the late
18th century and Charles Lyell in the
mid-19th century, the two founders of
modern geology, the contemporary phys-
ical state of the planet is the result of very
gradual changes that occur over immense
spans of time. Hutton famously wrote
in his Theory of the Earth, “We find no
vestige of a beginning.” Furthermore,
Charles Darwin needed well over 100
million years to account for his theory
of evolution. But the physics of the day
just wouldn’t budge.

Time Decayed 
Radioactivity, discovered by Henri
Becquerel and the Curies in Paris in the
last years of the 19th century, resolved
this conflict. The large amounts of ener-
gy bound up in some nuclei, such as urani-
um and thorium, act as a natural heat-
ing source for the Earth, thus debunking
the idea of the continual planetary cool-
ing process that was the basis of Kelvin’s
calculations. And the constant half-life in
radioactive materials that was observed
by Rutherford offered the possibility of
precise geological timekeeping. Thus,
scientists set out to gain more data on,
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among other things, products of the decay
processes, as well as the decay rates for
different materials.

Rutherford’s initial age measurements
of pitchblende used uranium/helium ratios,
but helium gas, he determined, readily
escapes into the atmosphere upon analy-
sis, making the results likely underestimates.
In 1907, Bertram Boltwood at Yale Univer-
sity observed that the abundance of lead
in uranium-bearing minerals was strongly
correlated with their estimated age, leading
him to assert that lead was the final prod-
uct of uranium decay. Based on this find-
ing, Boltwood attempted some of the first
radioactive dating measurements of rocks
using ratios between uranium and lead.

Several years later, Arthur Holmes, a
geologist at Durham University, refined
Boltwood’s uranium decay rate and calcu-
lated ages for several rocks based on the
uranium–lead method, including one he
dated at over a billion years old. And by
the 1920s, the first estimates for the age
of the Earth based on the uranium–lead
method were surfacing in the public view.
Henry Russell, an astronomer at Prince-
ton University, reasoned in 1921 that the
Earth was about 4 billion years old based
on the assumption that the total amount
of lead in the Earth’s crust was produced
by uranium decay. Holmes revised these
calculations, and in 1927, he published a
book that estimated the age to be about
3.2 billion years old. Several other urani-
um–lead calculations arrived at values in
the 3–4-billion-year range as well. These
determinations were a lot closer to reality
than what was available at the beginning
of the century, but a very important factor
was lacking in the calculations, which
inevitably made them inaccurate. This was
the presence of isotopes.

Mass Spec Effect
The measurements by Holmes and others
were based simply on the respective total
amounts of uranium and lead in a miner-
al sample. But in 1913, J. J. Thompson at
the University of Cambridge used his recent-
ly developed parabola spectrograph—the
first mass spectrometer—to confirm the
existence of isotopes by detecting neon atoms
with two different atomic weights. His
student, Francis Aston, went on to improve
the resolving power of the instrument and
measure a host of isotopes including, in
1927, three isotopes of lead. The presence

of isotopes, of course, had big implica-
tions for radiometric age measurements.
The decay of 238U to 206Pb is an entirely
distinct process, with a much different half-
life, from 235U decay to 207Pb, or, for that
matter, from 232Th to 208Pb. MS offered a
means of measuring
isotope ratios, thus
providing more accurate
results for calculating
geological ages. 

At Harvard in the
1930s and 1940s, Alfred
Nier was taking just this
approach. He was able
to detect a fourth isotope
of lead, 204Pb, which was not the result of
radioactive decay. A focus of Nier was to
try to determine the original, or “primeval”,
isotopic ratios of lead that existed at the
formation of the planet. He, as well as
Holmes, concluded that these values were
a mathematically significant factor in
modern isotopic ratios and, therefore, were
required for accurate age measurements. In
1941, he came up with what he thought
were good estimates of primeval lead ratios,
from which Holmes calculated a 3.3-billion-
year time scale, but it turned out they were
not. Perhaps Nier’s biggest contribution to
age measurements was the significant reso-
lution improvements he made to the
mass spectrometer (developing the instru-
ment that separated 235U from 238U in the
original development of the atomic bomb),
while greatly simplifying its construction.
Because the instruments could be more
easily replicated, the powerful tool quick-
ly became broadly available. 

4.6 Billion Years
By the time Clair Patterson, a young Univer-
sity of Chicago graduate student, got into
the “dating game”, as it has been called, the
problem was a reasonably well defined one.
Plotting exponential growth curves based
on lead isotope ratios—206Pb/204Pb and
207Pb/204Pb—provided the means to date
an object based on the uranium decay
processes. The confounding issue remained
the unknown primeval ratios. 

In the late 1940s, Harrison Brown at
the University of Chicago came up with a
plan for measuring these ancient values.
Based on his substantial knowledge of
geochemistry, Brown concluded that the
lead in iron meteorites would be preserved
from the formation of the solar system with-

out change from uranium decay. He assigned
the task of analyzing meteorite samples to
Patterson, one of his chemistry graduate
students who had gained expertise in MS
on the Manhattan Project. It would take
Patterson seven years to make the necessary

measurements. A
large portion of that
time was taken up
putting together clean
laboratories—first at
Chicago and then at
the California Insti-
tute of Technology,
where he became a
postdoctoral student

in 1952—to exclude contamination from
hindering his analysis of lead samples that
were 1000 times smaller than any observed
before. (Incidentally, his realization during
this period of the high prevalence of lead
in common objects was a seed for what
would soon become a lifelong crusade to
remove lead from consumer products such
as gasoline.) Patterson’s efforts eventually
panned out, and he was able to produce
highly clean meteorite samples in the early
1950s. By that time, the development of
MS had accelerated, and in 1953, he
took a trip to Argonne National Labora-
tory in Illinois to use its then top-of-the-
line spectrometer. His analysis at Argonne
of the meteorite samples along with modern-
day rock samples would be the basis for the
age he publicly presented later that year:
4.55 ±0.07 billion years. In 1956, Patter-
son demonstrated that the data from five
different meteorite samples and several deep-
sea Earth sediments all fell on the same
isotopic growth curve, strongly supporting
the use of meteorites as a “starting point”
for Earth’s geological clock. Even today,
with significant increases in instrument
precision, Patterson’s number has held up
as the most accurate determination of the
age of the Earth.
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Growth curves based
on lead isotope ratios
provided the means
to date an object.


