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ew things on earth are so underrated as rocks. They seem so 
dull. Yet from rocks we create the metals and materials used for 
home and industry. Rock is the source of petroleum, which makes

modern transportation and plastics possible, and the dominant factor in the
shape of the natural world around us. B ut m ore  fasci- 
n a tin g  th an  any o f these  in s ig h ts  is the  fact th a t rocks can 
speak to  us— n o t in the  E n g lish  language, o f course, bu t 
th ey  speak nonetheless. Every rock is like a m iniature “black-box” 
flight recorder that can be examined in a lab. There it can reveal such 
things as what temperatures and pressures it has seen, the direction of the 
north pole when it was formed, often the climate in which it was created 
and, most surprisingly, how old it is.

Let’s consider why rocks have different ages. W hy don’t they all have 
one age that reflects the time of their creation? The answer to this is that 
natural processes like wind and water eat away at rock and reduce it to sand 
and mud, which eventually drain to the sea. There they become deposited 
and glued together again into “new” rocks called sandstone and shale. “New” 
carbonate rock such as limestone can also be created by reef-building 
organisms in the sea. Other processes such as metamorphism and volcanism 
also create “new” rock. This “new” rock often remembers only the age of its 
latest reincarnation.

I would like to explain how simple it is to date a rock. This technique 
is not cloaked in mystery. The fact that we can do this is a result of God’s 
natural laws, the master plan by which he structured the universe. Every- 
thing we can see in the earth or universe can be described by four basic 
forces. You are already quite familiar with the gravitational force, which 
holds you down, and the electromagnetic force shown in phenomena such as 
light and chemistry. The other two forces, the strong and weak nuclear 
forces, are not as easily observed in everyday life. The sun is an example of 
an environment where strong and weak forces predominate. It is an as- 
tounding and yet humbling thought that with these four forces, the whole 
universe as we know it can be described— clearly a tribute to the creative 
genius of God.

One of the results of the interactions of these forces is the periodic 
table (Fig. 1) we all remember from high school chemistry that describes 
how the different elements relate to each other. You will remember that an
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The term  “decay constant” is related to half-life and is 
simply a measure of the probability that an atom will 
disintegrate in a unit of time.

Because the decay rate of radioactive atoms is 
constant, we can use it to tell time in the same way that 
the constant movement of hands of a clock enables us 
to tell time. Even a small piece of rock contains trillions 
of atoms, some of which are naturally radioactive. 
Throughout the life of this rock these radioactive parent 
atoms decay into daughter isotopes at a steady, predict- 
able rate. If we count the parent and daughter atoms, we 
can tell how old the rock is.

Let’s demonstrate how this can be done. Think of 
a rock as a box made up of golf balls of different colors, 
each color representing a different type of atom such as 
iron or silicon. Assume that the box contains one 
hundred radioactive white golf balls and that they decay 
at a rate of one ball per year. Every time one decays it 
turns green. I can come back anytime during the next 
hundred years and tell how much time has passed simply 
by noting how many golf balls have turned green. If 
there are seventy-five white balls and twenty-five green 
balls, we know that twenty-five years have passed. In 
this simple situation we could tell the amount of time 
that passed by looking solely at the white balls (100-75 
= 25 years) or just at the green balls (25 years). This is 
because we knew how many balls there were at zero 
time. In a real rock we don’t know how many radioactive 
atoms there are to begin, so we must count both the 
parent and the daughter atoms because the total number 
of white balls plus the total number of green balls add 
up to the original number of white balls before the

atom is a dense central core 
made up of particles called 
neutrons and protons, and that a 
cloud of electrons circles the 
nucleus. The number of elec- 
trons equals the number of 
protons for any one species of 
atom. The periodic table is a 
manifestation of the basic 
structure of matter. S tart with 
hydrogen, the lightest element, 
then keep adding protons and 
neutrons to make up successively 
heavier atoms. For the moment 
let’s ignore neutrons. If you add 
one proton to hydrogen you get 
helium. You can keep adding 
protons until you have a nucleus 
with eighty-three protons. This 
is the element bismuth. If you add one more proton, 
something rather surprising happens. The element you 
form with atomic number eighty-four (polonium) is 
radioactive! It doesn’t want to stick together. If you 
leave it long enough it will decay into other nonradioac- 
tive elements. It is unstable— the nuclear glue is no 
longer strong enough to hold the nucleus together and 
thus it decays. This explains why there isn’t an infinite 
number of chemical elements. All nine natural elements 
heavier than bismuth are also radioactive and decay. 
Humans have tried for over forty years to glue heavier 
elements together, but each one is radioactive and 
eventually decays to lighter elements. Thus we see that 
radioactivity is a natural phenomenon tied to the funda- 
mental structure of matter. It is related to the strong 
and weak nuclear forces and is not an independent 
physical quantity that can be varied at will; it comes 
about when the nuclear glue is no longer strong enough 
to hold a particular nucleus together. Because it is a 
nuclear process, virtually nothing we can do externally 
can affect the process. Heat, pressure, electricity, and 
explosions all involve the electrons of an atom, not the 
nucleus.

In a simple radioactive decay, we call the radioac- 
tive atom the “parent atom” and the stable atom that 
results the “daughter atom.” The rate of transformation 
from parent to daughter is constant for any particular 
radioactive nucleus. Every radioactive atom has a charac- 
teristic half-life. The half-life is simply how long it takes 
for one-half the radioactive atoms to decay. Some 
radioactive atoms have half-lives of billionths of a 
second while others have half-lives of billions of years.
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cesses and keep the parent and daughter population 
locked in. In addition, certain laboratory procedures can 
help identify whether loss has indeed happened.

Extra Green Balls Before We Start

The most interesting problem occurs when there 
are already daughter elements present when the clock 
begins to tick. This happens if the daughter element is 
commonly available from nonradioactive sources.
Luckily nature comes to our rescue here. It turns out 
that because of the neutron, several different forms of 
each element exist. They differ only in their mass. For 
instance, there are four types of sulfur and three types 
of silicon. These are called isotopes. In nonradioactive 
rocks, the ratio of these isotopes is the same everywhere 
on earth. By measuring these isotopes, we can formulate 
ratios that represent the amount of contaminating 
isotope at zero time. The calculated amount of contami- 
nating isotope can now be subtracted from the total in 
the rock we are attempting to age.

The idea is much easier to understand in terms of 
golf balls. Let’s consider a box of one hundred white 
balls, with six green balls and two red balls already 
present. If we didn’t account for the green balls, we 
would estimate that the box was already six years old 
before the clock even started. But if we know that in 
nonradioactive rocks there are three green balls for 
every red ball, we know that when we find the two red 
balls we have to subtract the six green balls before we 
calculate any age. For instance, suppose we came back 
some years later and found thirty-one green balls and 
two red balls. We subtract three green balls for each red 
ball we find. Thus we have 31 - 6 = 25 green balls due to 
radioactive decay, and we know the box is twenty-five 
years old.

But what about the scientists who do the dating? 
Aren’t they atheists who will hide any six-thousand-year 
dates and only publish the ones that are hundreds of 
millions of years old? Surprisingly, most scientists 
whom I have met over the years have a belief in God 
and are not out to prove that he doesn’t exist. Physical 
scientists are quite honest and forthright in their publi- 
cations for two very good reasons. First, the purpose of 
publishing is to let everyone know what you’ve discov- 
ered by your research. These results are almost always 
checked by someone else sooner or later. If you lie or 
cheat, you will be caught and your career ruined. Second, 
as one geochronologist (who is an avowed atheist) once 
told me, “I would love to prove the earth is six thousand

decay process started. Rock dating is basically that 
simple. The machine used to measure the atoms is called 
a mass spectrometer, and it allows one to count the 
relative number of each type of atom in a rock. The 
people who make these measurements are called geo- 
chronologists.

Now we can think of three problems that may 
interfere with the accuracy of this process:

1. Radioactive decay constants change with time.
2. Someone steals balls from the box or puts extra 

balls into the box while we’re away.
3. There are extra green balls in the box before we start.

Radioactive Decay Constants Change

As we have seen, decay constants are a natural 
function of the nuclear glue that holds the universe 
together. You can’t change them at random without 
destroying everything around us. What would be the 
result of weakening the nuclear force enough to com- 
press the radiometric ages into a short time scale? First, 
many atoms that are stable now would decay into 
different atoms. All life, which is dependent on complex 
molecules such as DNA, enzymes, and proteins, would 
cease as the delicate binding and shape of these mol- 
ecules became totally disrupted by atoms turning into 
different atoms.

Second, increased radiation from decay would be 
lethal to life. Third, the amount of energy given off 
during decay would probably be enough to totally melt 
the surface of the earth. Radioactive decay even at its 
present slow rate is a major reason that the core of the 
earth is presently molten. Lastly, if this had happened in 
the recent past, we would still find naturally occurring 
simple radioactive elements with short half-lives (less 
than ten thousand years) not related to the decay of the 
longer-lived isotopes, but this is not observed in nature. 
Changing the nuclear force by enough to make the dates 
fit a six- thousand-year chronology would be equivalent 
to making gravity a million times weaker in the past. In 
short, any change of this magnitude in nuclear forces is 
bound to leave behind evidence that we could see today.

Extra Balls Added to the Box

In some rocks, atoms can be added or subtracted 
by natural processes such as water percolating through 
pore spaces. Geochronologists avoid this problem by 
choosing minerals that are known to resist these pro­



A plot of the radiometrically 
determined age (with error bars) 
plotted against the stratigraphic 
sequence of fossil life. The 
width of each vertical stage is 
based on the assumption that 
they represent equal units of 
time. If this assumption was 
nonsense, then we would expect 
a broad scatter of points across 
the diagram indicating there is 
no relationship between the 
order of fossil development and 
their radiometrically deter- 
mined age.

Diagram is modified after 
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Cambridge, 1982.
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aries are usually marked by a distinctive change in 
critter morphology or population. They represent a 
sequence of younger to older rocks, but without further 
information we don’t know whether this sequence 
represents one year or a billion. It is possible, however, 
to radiometrically date rocks that are associated with 
each stage. As expected, we find that stages at the top of 
a series are younger than stages at the bottom. But what 
is really surprising is that the dates spread over hun- 
dreds of millions of years! Even more amazing is the 
consistency of the dates. Rocks containing a certain type 
of critter only give a small range of ages for that critter.

Each stage, then, appears to be associated with 
rocks of a certain age range. This is really astounding 
because stages are defined by fossils in rocks and strati- 
graphic relationships while ages are totally independent. 
Radiometric ages, as we have seen, are dependent on 
nuclear processes, not geology or critters. Yet, clearly, 
certain critters and certain ages are always correlated. 
The simplest explanation of this link is that the stages 
really do represent long intervals of time and that the 
rocks involved could not have been deposited over a 
short period of time. Any model we propose to describe 
early earth history will have to satisfactorily explain 
results such as these.
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years old if I could.” What he meant was this: He would 
be world famous and be remembered as the man who made 
a really significant discovery in earth science—the equiva- 
lent to finding a cure for all heart attacks in medicine.

So it is basically simple to get a rock to tell you 
how old it is. Even potential problems that might 
interfere with this radioactive clock can be solved, and 
the method is constantly being improved and refined. 
Many rocks can also be dated by two or more separate 
and independent methods. This gives us confidence that 
the ages we get from rocks are reliable, and, as you 
already know, many of them are extremely ancient. 
They must be saying something important about the 
age of the earth.

Significance of Radiometric Dates
to the History of Life

From a Christian point of view, the most startling 
aspect of radiometric dating is the relationship between 
ages and fossils in rocks. The different layers in rocks 
imply a sequence—the bottom rock being laid down 
before the younger rock, which is on top of it. But we 
also observe a sequence of “critters” in these rocks. 
Certain critters are only found in young rocks and 
others only in old rocks.

When the rocks on earth are classified into groups 
on the basis of distinctive critters they contain, we call 
each of these units a “stage.” Stages are defined strictly 
by fossils and relative stratigraphy, and stage bound­
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