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RADIOCARBON: AGES IN ERRORf

RoBerT E. LEE*

“It may come as a shock to some, but fewer than 50 percent of the radiocarbon dates from geological and ar-
chaeological samples in northeastern North America have been adopted as ‘acceptable’ by investigators™. |. Ogden

1L

Discusses problems that have made radiocarbon unreliable, from ancient carbon-14 levels and contamination to
abuse of reported ages. Illustrates effect of faulty chronology on genuine knowledge, with Ernst Antevs as example.
Drastic change in attitude essential, if radiocarbon is to become a valid means of dating the past.

The troubles of the radiocarbon dating method are
undeniably deep and serious. Despite 35 years of
technological refinement and better understanding, the
underlying assumptions have been strongly challenged,
and warnings are out that radiocarbon may soon find
itself in a crisis situation. Continuing use of the method
depends on a “fix-it-as-we-go”’ approach, allowing for
contamination here, fractionation there, and calibra-
tion wherever possible. It should be no surprise, then
that fully half of the dates are rejected. The wonder is,
surely, that the remaining half came to be accepted.

It was in the early fifties that archaeologists and
geologists alike adopted the method itself as
acceptable,! placing it above all other means of dating
sites and materials. The previously-determined age
estimates and cultural sequences did show radiocarbon
to be in error, but were themselves tossed aside—even
though this meant turning the physical evidence of
stratigraphy upside down.? The cautionary words of
Dr. Willard Frank Libby, who with J.R. Arnold
developed the method, were thrown to the winds; readi-
ly apparent warning signs were ignored; skeptics were
scornfully called “non-believers”. Indeed, radiocarbon
swept the scientific world with all the fervor of religious
fanaticism, as the new and “absolute’ chronology was
established.

The Radiocarbon Method

Radiocarbon dating can be applied to virtually
anything that is carbon-bearing, such as charcoal or
bone, provided that it is not much more than 40,000
years old. The basic theory, worked out in the late
1940’s, is attractively and deceptively straightforward.

In any suitable material, the amount of one par-
ticular type of carbon gradually decreases with the
passage of time, at a fixed rate. By measuring what re-
mains, the age of the sample can be calculated. This
carbon-14, as it is called, can be detected through the
radioactive disintegration of its individual atoms.

Carbon-14 exists in fixed proportion to ordinary car-
bon. Green plants draw both of them out of the air at
the same time, in the process of photosynthesis, while
aquatic organisms use bicarbonate ions that are dissolv-
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ed in the water. Thus, carbon-14 enters the food chain
and is distributed to every living thing.

At death, this fixed proportion begins to change,
because the slow radioactive decay of carbon-14 is no
longer balanced by food intake. Like the sand in an
hourglass, carbon-14 trickles away, until too little is left
to be measurable.

An accurate determination for some long-buried ob-
ject is not quite so simple as might at first appear,
though. Indeed, a great part of the original assumptions
and methods have been called into question. Some of
them can be moditied, perhaps, for continuing use. But
for others, no one ever yet has found a sure solution.

Synchronizing Radiocarbon with Reality—Maybe

It was necessary to assume, in the early days of
radiocarbon dating, that the supply of carbon-14 to liv-
ing things had always been constant. Had it been other-
wise, the radiocarbon clock would have started its run
from different initial settings, and all of the dates from a
given period would be out of kilter. Over the years, as
we are now aware, evidence continually mounted
against that assumption of constancy. The production
of carbon-14, in fact, has been known to vary over long
periods, causing dates from much of the past seven
millennia to be too recent by nearly a thousand years.
Beyond that range, the difference between the radiocar-
bon age, as it is called, and the true age, can only be
guessed at.

Libby began with the most estimable caution in this
matter of constancy. As his method grew in importance,
however, he became increasingly inflexible and, after
several years of rising challenges, sought to defend what
had become his position.

Examining the information then available, he did
find that the age discrepancies were real, but argued
that they were too inconsistent to have meaning. The
fledgling tree-ring studies he dismissed, because *‘some
trees add more than one ring per year”. Egyptian
historical dates that also failed to match radiocarbon,
he said, “‘may be somewhat too old”.?

Having managed to shift attention away from the
shortcomings of his own methods, Libby then felt able
to apply rigid restraints to the potential causes of
carbon-14 variation—on the mistaken grounds that
carbon-14 production seemed to have been constant.

In the face of this desperate attempt to stem the tide of
doubters, research into tree-ring comparisons ac-
celerated tremendously. Well over a thousand radiocar-
bon dates were checked by dendrochronology. It thus
became clear that many of the samples previously dated
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by radiocarbon were, in fact, much older than the
determinations arrived at. A new radiocarbon revolu-
tion was touched off immediately. Ages past began to
stretch, and the “facts” of prehistory were drastically
altered in the process.

1) Checking Against Tree Rings

The gnarled form of the bristle-cone pine has become
symbolic of radiocarbon calibration. This tree, a native
of certain upper mountain slopes along the California-
Nevada border, provided a 7000-year record, against
which checks have been made on radiocarbon dates.
The accuracy of that record, however, has been
challenged by Gladwin,* who characterizes the
bristlecone as a tree ‘‘even more undependable than the
junipers”’, which may not grow annual rings at all in
dry years. They respond so closely to local weather, he
argues, that ring patterns from within a few hundred
miles of each other “‘show no similarity whatever”.
Understandably, therefore, he was leery of the practice
of forcing patterns to match by arbitrarily inserting
“missing rings” to bring them into line.

Whether accurate, or merely approximate, com-
parison with tree rings did prove that radiocarbon dates
were wrong—usually being much too young. At the same
time, it seemed that the precise extent of the errors was
indicated. When plotted against counted rings,
radiocarbon dates fall into a wandering line that runs
some hundreds of years from where it ought to be. By
means of this calibration curve, any appropriate
radiocarbon date can be corrected. As seen in Figures 1
and 2, such curves have several important characteris-
tics—and these have been tied to variation in at-
mospheric carbon-14 levels.

2) Magnetic Field Effects

The general trend of dates away from what they
should be is thought to reflect major shifts in the
shielding effect of the earth’s magnetic field. Carbon-14
is produced high in the atmosphere by the action of
cosmic rays. A weaker magnetic field, some 4000 years
ago, would have allowed more cosmic rays to reach the
atmosphere, resulting in excessive concentrations of the
radioactive isotope. Samples from that period would
consequently have a C-14 activity equivalent to only
3000 true years.

It is believed that only in times of magnetic-pole
reversal does the shielding effect diminish noticeably.
Theoretically, however, a reversal could throw radio-
carbon dates off by enough to make 18,000 years come
out as 13,000—quite enough discrepancy to upset a lot
of firmly held beliefs.® The actual timing of such events
is not known, but there is evidence of at least two of
them, in the past 35,000 years. Measurement of ancient
field strengths, as preserved in artifacts of fired clay,
support the inference that the magnetic field has indeed
been weaker in earlier times.

3) The Presumed Influence of the Solar Cycle

Most calibration curves are not really so smooth and
simple as that shown in Figurel, but record numerous
small fluctuations in radiocarbon activity. These ir-
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Figure 1. A smooth calibration curve allows correction of some Car-
bon-14 dates. Thus, 3500 years comes out as 4000 true years.

regularities are commonly attributed to the effects of
the 11-year sun-spot cycle, for sudden bursts of cosmic
rays are known to produce greater quantities of
carbon-14. It is quite reasonable to assume, of course,
that these episodes of high carbon-14 concentration
would show up in tree rings. The resulting wriggles
would make calibration curves much less useful,
because many radiocarbon dates now match more than
one position in time, as indicated by the curve
(Figure 2).

These minor fluctuations are obvious, explainable,
and expected. Yet there is good reason to believe that
they do not represent cycles in solar activity. It seems
that different calibration curves may wriggle in op-
posite directions, so that a date corrected on one curve
may come out 400 years different from the same date
“corrected” on another curve.

Applying statistical principles to what is really a
statistical problem,® Clark found that there is simply
too much error inherent in the radiocarbon technique
to permit measurement of such fine fluctuations. Those
wriggles that were so easily tied to solar activity are ac-
tually nothing more than random variations in
radiocarbon measurement. By gathering the dates from

3000 4000
true ages

Figure 2. Most calibration curves wriggle up and down, giving multi-
ple—hence unreliable—values for a single radiocarbon sample. (Ver-
tical scale, radiocarbon dates; horizontal scale, true ages.)
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many radiocarbon labs, Clark assembled and published
his own very smooth, statistically-sound calibration
curve, much like that sketched in Figure 1.

There has been no agreement, however, on which
calibration curve to use. It is plainly not possible for all
of them to be right, and the final version may be a long
time coming. Meanwhile, no informed person is eager
to use obviously uncalibrated dates in his work. “Even-
tually”, noted Stuckenrath,” “those ‘corrected’ dates
will have to be uncorrected in order to be recorrected in
order to be correct”. It could become confusing, with
different dates for the same sample appearing at dif-
ferent times in different journals—especially if conclu-
sions have to be changed as a result.

4) Extension of the Calibration Curve

At best, the bristlecone calibration curve reaches
back only 7000 years. Beyond that point, at which the
difference between radiocarbon and real ages is about
1000 vyears, the discrepancy is more or less unknown.
True, there have been attempts to extend our
knowledge, but with uncertain results. Radiocarbon
dating of a single long core of varved clay, for instance,
appeared to show general agreement with the tree-ring
curves where they overlapped, and suggested a con-
tinuation of the 1000-year difference back to at least
10,000 years ago.®

On the basis of comparison with the more recent
dating method, uranium-series®, Stuiver was also led to
claim’® that the difference should not exceed 2000 years
over the period of 22,000 to 32,000 B.P. (years before
present, as of 1950). In discussing magnetic pole rever-
sals, though, Barbetti and Flude'' see support in
uranium-series for a theoretical 5000-year discrepancy.
Whatever the truth may be—and it does seem a little
hard to come by—it should be remembered that this
uranium-series method was originally validated by the
very technique now under question, a clear case of ap-
plied circular reasoning!

Atmospheric and Oceanic Mixing

Once produced, radiocarbon seems to spread around
the world fairly rapidly and evenly, through movement
of the air. There are, however, some tricky situations of

‘local scope. In the vicinity of a volcano, for instance,
living plants can absorb enough inactive carbon-14 to
date to more than 4000 years ago. Ancient materials,
too, can seem to be that much older than they really
are.'?

The amount of carbon-14 actually available is kept
fairly stable by the action of the great ocean reservoirs.
The seas have an enormous capacity for soaking up car-
bon dioxide from the air, thereby moderating changes
in atmospheric levels of radiocarbon. The rather slow
circulation of ocean waters also allows time for
radioactive decay—and this balances the continuous
production of carbon-14 in the upper atmosphere.

Organisms such as shellfish, seals, and whales obtain
their carbon from seawater, rather than from at-
mospheric sources, and are getting radiocarbon already
in circulation for some hundreds of years. Although this
“reservoir effect’”” is usually estimated at 350 years, it is
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not everywhere equal. In Scottish coastal waters,
modern shells do indeed date 350 years too old.'* But
off Norway the apparent age is 440 years, at
Spitsbergen 510, and all of 750 years off Ellesmere
Island'*. Further, some shallow-water species appear to
use a certain amount of atmospheric carbon, after all,
and their dates are not nearly so far off. Much as a cor-
rection factor is needed in dealing with marine remains,
no single figure is properly applicable. Yet it is common
practice to use a standard estimate of the reservoir ef-
fect to cancel out the opposite fractionation ef-
fect—without direct measurement of either!

Vastly older carbon can affect dates on shellfish and
aquatic plants when, for instance, limestone underlies
the water. The ““hard-water effect”, as it is called, varies
considerably from place to place, but is claimed not to
exceed 3000 years.'?

Carbon in Living Things

Carbon-14 generally appears, in plants and animals,
in the same proportion as prevails in the air or water
about them, since the isotopes of carbon are chemically
indistinguishable. This should mean that, at death, all
radiocarbon clocks start running from the same initial
setting.

Carbon-14 is a little heavier than ordinary
carbon-12, however, and some plants actually prefer
these heavier atoms when they are building food
molecules. This separation of different carbon isotopes
is called fractionation. Plants of arid lands, and also of
salt marshes, thus enrich the carbon-14 in their tissues,
so that they date a couple of hundred years too young.
Certain other plants handle the isotopes indiscriminate-
ly, except when facing adverse growing conditions.
Alteration of their radiocarbon age depends on what
life was like for the plant in question.

Among animals, fish-flesh dates 50 years too young;
bone, horn, antler, and shellfish-meat 175 years too
young; and mammoth-ivory 250 years too young.
Shellfish carbonate is even more strongly affected, giv-
ing readings of 400 years too young. Stubbornly, blub-
ber leans the other way, dating 200 years too old.'®

By good fortune, another isotope, carbon-13, can be
measured in an affected sample, and the results used to
correct the radiocarbon date for fractionation. These
extra determinations, now made individually, will
someday be available for each species in turn.

Contamination in the Ground

At the death of every organism, the absolutely unal-
terable process of radioactive decay begins to change
the isotope ratio in its tissues. All exchange of carbon is
presumed to cease. A piece of bone or a lump of char-
coal is supposed to lie inert and isolated in an earthen
tomb.

However, modern carbon, which is high in
carbon-14, continually penetrates the soil and is absorb-
ed by materials buried there. Some, the product of re-
cent decomposition, washes downward, while growing
plants push their living roots far more deeply into the
ground than is commonly realized. Modern carbon ap-
pears to be the usual contaminant,'” causing most
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radiocarbon dates to be younger than their true ages.
Sometimes, modern carbon itself is so contaminated by
radioactive fallout that such materials as ancient
American Indian pottery actually date into the future!'®

Even the most minute amounts of contamination are
significant in extremely old samples. In the case of a
sample that is really 75,000 years old, for instance, in-
troduction of just 100 parts per million of modern car-
bon lowers the apparent age by 5000 years.!® Five per-
cent contamination would simply overwhelm the
depleted original radiocarbon, yielding a date of
25,000 years. Is it not possible that some of the samples
we now accept as 25,000 years old are actually vastly
older?

Indeed, 5% contamination may not be all that un-
common. Stuckenrath?® was even more pessimistic:
“The majority of organic samples from the northeast
are contaminated in this direction and the likelihood of
10 percent is probably a conservative estimate”. Under
these conditions, any date published as 7500 BP could
really be read as 10,000 BP.

Materials

A wide range of carbon-containing substances have
been subjected to dating, with inconsistent results.
Charcoal, being the nearest thing to elemental carbon,
is favored as the most reliable, while shell and bone are
usually viewed with well founded mistrust.

1) Charcoal and its Problems

Although so porous as to readily absorb organic com-
pounds from the soil, charcoal can be thoroughly
cleansed of contaminants—if the sample is large
enough, and if cleansing is done. If it is not done, an er-
roneous date, influenced by contaminants, will result.

Without these special techniques, not even the most
meticulous collecting and handling can ensure accurate
dates. In an early test case, designed to demonstrate the
absolute consistency and reliability of radiocarbon, five
samples of good charcoal were carefully collected from
a single Paleo-Indian hearth some 12 feet below the sur-
face, at the Lehner Kill site in southern Arizona. But
alas! when tested,?! the radiocarbon dates were spread
from 7022+£450 to 12,000+ 450. In great glee, Ernst
Antevs wrote, “This proves beyond all doubt that the
Indians kept a fire burning for 5,000 years!”’*?

Another experiment, intended to show that charcoal-
bearing soil could be concentrated for dating, also took
an unexpected turn. In the field, the larger chunks and
bits of charcoal were separated by hand, and the visible
plant rootlets removed. Smaller particles of carbon
were caught when the soil was subsequently washed
through fine-mesh screens, and again when dust-like
carbon floated to the top of the water. With a fair
degree of consistency, the finer the material, the
younger the radiocarbon dates. The maximum dif-
ference was about 10%. No satisfactory explanation has
been given.?3-2

2) Peat and Other Soils

The widespread belief that peat is another highly
reliable material no doubt stems from the superb preser-
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vation of organic material within it, such as seeds,
leaves, and insect eggs in undisturbed clusters. So great
is the degree of confidence in it that few people trouble
themselves to ask for special pre-treatment. Not even
the chilling warning of ““less than 200” years for sample
W-130 has shaken their faith—even though that sample
of peat was obtained from 30 feet down, under glacial
till!

Actually, peat is subject to a high degree of con-
tamination and consequent error. The various chemical
parts of a single block of peat can be separated by treat-
ment with a series of organic solvents and acids,
yielding different dates on each compound. Reasoning
that the most resistant compounds are the least likely to
be affected, the last remaining part is thought to repre-
sent the original carbon content. Dates on this residue
are older than dates on the other fractions, and older
than on the whole sample, indicating that the contami-
nant is modern carbon. The more ancient the sample,
the greater the difference—sometimes adding more
than 15,000 years to the age that would normally be
determined!?®

Using such chemical treatments, other soils too can
be broken into fractions, and dated. Again the most
resistant part, the humic fraction, is found to give the
oldest dates. But even this most-nearly-original carbon
appears to be contaminated, since the humic acid dates
still fall well short of the true ages, as determined by
other means. Apparently, no chemical or physical pro-
cess can isolate the original carbon of the sample. Con-
cluded Gilet-Blein et al. “Most fossil soils cannot be
dated by [C-14] measurements.”’2°

3) Bone

Similarly, radiocarbon dates on bone have never been
satisfactory. Not only do they disagree with associated
charcoal dates, but among themselves too. From the
famous Cooperton Mammoth site in Oklahoma, for in-
stance, a single animal produced leg bones dated at
17,575+ 550, and ribs 20,400+ 450 years old. Still
another figure came from testing its tusks!

Bone dates can be determined either upon the solid
carbonate, which is the easier method, or on the organic
(collagen) fraction. Because the carbonate is subject to
exchange with modern atmospheric carbon, it gives
talsely young dates, and is not well regarded. The col-
lagen fraction is not without problems, either. Fungus
hyphae, plant rootlets, and bits of charcoal or
wood—too small to be removed by hand—can con-
taminate the sample, and standard methods of
decalcification fail to remove them.?

In all cases studied by Tamers and Pearson?® the bone-
dates were too young. The discrepancies between
associated bone and charcoal dates were more pro-
nounced in older samples, ranging to so much as 3000
vears at determined ages of 10,000 BP. Through experi-
ment they found that bone carbonate exchanges only
with atmospheric carbon, and not with old carbon in
ground water. They also took issue with the normal
chemical treatments given bone samples, and made im-
provements. Even so, two-thirds of their dates came out
too young. They, too, concluded that “‘the majority of
radiocarbon dates on bone are in error.”
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4) Shell

Even more than bone, shell is deserving of suspicion.
Not only must reservoir and hard-water effects, as well
as fractionation, be taken into account, but contamina-
tion can throw dates off unexpectedly. To illustrate: a
fossiliferous shell horizon of apparent Pleistocene age
gave a series of dates, stretching from 2000 to 3500
BP.?* In Egypt, another Pleistocene deposit (determined
on charcoal as 19,000 BP) also yielded erroneous shell
dates: 12,850, 4040, and 3170 BP; these were rejected
as “much too recent” by Wendorf et al.** Apparently,
the fault lies with modern carbon replacing the original
material. This kind of exchange should be expected in
well drained sites, especially on raised beaches.

Naturally, contamination is worse on the surface of a
piece of shell than in its core. Separation by acid treat-
ment shows that the surface tends to date younger then
the innermost fraction of the same shell—occasionally,
by so much as 500 to 1000 years. It is an unfortunate,
though quite common practice to wholly dissolve shells
for dating®'.

Contamination in the Hands of the Collector

After untold ages in the ground, material destined for
the radiocarbon lab will be unearthed by some
dedicated geologist or archaeologist—often by an inex-
perienced student. To get a good sample, this individual
must exercise the greatest care—requiring a degree of
knowledge that he may not have. The material must not
be handled as it comes out of the soil, nor be dusted off
with organic tools, such as bristle brushes. Even
cigarette smoke is a contaminant, to say nothing of the
ashes that tumble into the sample.

A proper container ought to be on hand—exposure to
the air allows fresh dust and pollen to settle. The sample
should be gathered as quickly as possible, and wrapped
in new aluminum foil—not dropped into a lunch bag or
one’s pocket. Samples submitted in cloth, plastic, paper,
or any kind of tissue “are almost useless”*2. Naturally, it
is folly to put different samples together, even tem-
porarily. Finally, it is important to ship the sample off
to the lab promptly—especially if it is moist. Otherwise,
fungi may begin to grow, using modern carbon from
the air for their metabolism.

Badly deteriorated materials should not be coated
with preservative, if the intention is to submit them as
radiocarbon samples. While some chemicals can be
removed, failure to do so can halve the date. In the case
of some Colorado mammoth bones, contaminated
samples dated to only 5240 BP. Chemical cleaning of
the material permitted a new date of 9240 years to be
obtained.*?

All of these problems have been discovered through
unfortunate experiences. Porous samples of charcoal
were indeed collected in used coffee cups, giving er-
roneous dates that—if not immediately re-
jected—entered the literature to be listed again and
again. Today, most people in the profession know bet-
ter, but through carelessness or unwillingness to discard
a risky sample, unnecessarily erroneous dates are still
being obtained.

121

The Laboratories

Since the beginning of radiocarbon dating at the
University of Chicago, dozens of labs have sprung up
across the United States and around the world. For a
number of years, the solid-carbon method was the only
one available. Sample materials of all kinds were burn-
ed to charcoal, washed with acids, and placed in a
shielded Geiger counter. Unfortunately, charcoal in the
lab, as in the ground, is prone to contamination. Some
labs in particular lay in the path of radioactive fallout
from atomic bomb tests, or suffered from leaks of
radioactive sewer gas. For such labs, there were serious
problems.

Solid-carbon is also capable of absorbing some of its
own beta-rays, by which the radiocarbon is to be
detected.®* For still other, unknown reasons, solid-
carbon dates from arctic and sub-arctic samples “were
erratic in distribution, and unsatistactory, even though
occasional dates appeared to be useful.””?s

In the mid-fifties the gas-counter rapidly replaced the
old method. In this procedure, samples were converted
to carbon dioxide. The dates thus obtained were
thought to be more accurate, but Johnson observed that
on northern samples, the new method still “failed to
produce a chronology that was unequivocal .. .”

Further advances in technology brought liquid-
scintillation counting, which seems to be neither more
nor less reliable than gas counting.’® Both are limited to
a practical range of 30,000 to 40,000 years, even
though theory suggests greater extremes.

And now, we stand on the threshold of a new, totally
different kind of technology—one that is expected to
routinely date materials 100,000 years old. Minute
samples will be specially prepared, then sped past
magnetic lenses in a tandem electrostatic accelerator.
Different atoms and ions will be deflected according to
their atomic properties, and their numbers will be
directly determined, rather than inferred from radioac-
tive decay.

Introduction of this high-energy mass spectrometry is
delayed by unsolved problems. Apparently, ions having
the same magnetic rigidity as carbon-14 can heavily
contaminate the prepared samples. Additionally, there
is an altogether unknown source of carbon-14
somewhere within the equipment.®’

Although samples so small as half-a-gram can be
dated in conventional counters, much larger samples
are preferred by the labs. With 50 or 100 grams (two to
four ounces) of charcoal adequate chemical decon-
tamination is feasible. On less concentrated materials
such as bone or shell, a much greater quantity is re-
quired. It is common practice, nonetheless, for ar-
chaeologists and geologists alike to collect insufficient
material, and most labs will run the samples through
the counter anyway. If the dates are disagreeable, sam-
ple size is faulted.

In general, radiocarbon labs seem to do a fair job of
determining sample activity. It is said that they make a
second run on each sample, a week later, to detect possi-
ble radon gas contamination (radon decays swiftly).
However, many GSC dates, at least, are based on only
one run®®, Recounts usually coincide, but in a notable
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exception, ‘‘the determined age of sample M-411 was
increased more than 2000 years by extending the time
of measurement from the conventional 48 hours to a
fortnight”.*® It raises a question about what would
result if all tests were thus extended.

The Statistics of the Thing

All labs estimate the statistical uncertainty of their
age determinations, and express it as a plus-or-minus
figure, which is appended to each date. They do not
take into account the age of a tree when it died, or from
what part of a large-diameter trunk the sample came.
Neither do they concern themselves with the extent of
contamination. Their sole concern in this matter is the
amount of error involved in laboratory measurement.
This standard error, as it is called, is not intended to
bracket the possible range of the date, but is instead a
measure of probability. It indicates, to the informed,
that there are two chances in three of the date falling
within the indicated spread, and one out of three that it
actually lies outside.

When two dates are compared, the statistics of the
thing dictate that there is a fifty-fifty chance of at least
one of them lying outside its own standard error. If four
dates are being compared, you may reasonably expect
one or more to exceed its own plus-or-minus figures—
the probability is four out of five.

In applied statistics, however, use of what amounts to
a 68% confidence-interval is virtually unknown. By
doubling the standard-error figure, a more acceptable
95% interval is obtained. Now, when two dates are
compared, the chances of one of them lying outside the
interval are only one in ten. If, however, ten dates are to
be compared, the odds once more approach fifty-fifty.*

Although cross-checking of specially prepared stan-
dards in eight different labs did yield “‘impressively
close” results*!, the practical side of radiocarbon dating
tells another story. When one lab dates tree rings of a
given period, the results ought to coincide with the
dates obtained in another lab, or in all labs—within the
limits of standard error.*? Instead, Clark*® found that
the actual variability was “far in excess” of what
should be expected.

Pardi and Marcus** calculated that the actual error
was more than four times as great as that shown in the
standard error. Both for individual dates and for the
tree-ring calibration curves, Pilcher and Baillie*® felt
compelled to assign a minimum of 100 years as the pro-
per standard error for any date. To achieve an accep-
table level of 95% confidence, this figure had to be
doubled to 200 years. Any calibrated date, they pointed
out, must combine both its own confidence interval and
that of the calibration curve. This gives a plus-or-minus
spread of 800 years for the best of radiocarbon deter-
minations, after calibration.

Proper use of radiocarbon dates really does require
an education in statistics. In a hypothetical situation,
suppose that one has to work with two old dates from
published sources, 3000+ 150 and 3500+ 150 (Fig. 3).
They appear to suggest a good separation for the two
samples, but there is some degree of risk that one might
lie outside its standard-error limits. Better to double
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Figure 3. Step by step, the same pair of radiocarbon dates is trans-
formed by better statistical treatment. From left to right: Un-
calibrated, 68 % contidence interval; uncalibrated, 95% confidence
interval; calibrated, 95% confidence interval; and calibrated, com-
bined confidence intervals. Do these two dates really represent dif-
ferent ages?

those limits and obtain a 95% level of confidence. Now,
however, the dates overlap. But wait—there is more.
Neither one of the dates was ever corrected on a
bristlecone calibration curve! Try the famous curve of
Dr. H. Suess—and delight in the fact that the gap bet-
ween the dates widens to 700 years, making them
3310+ 300 and 4000+ 300! Now they can be claimed
as proof of different levels—or can they? Whispering in
the back of one’s mind are the words of the statisticians,
who say that the standard error has to be added to that
of the calibration curve, for each date. Once more,
study the results, and try to figure out your chances of
being wrong—in the final analysis, the dates are
3310+ 500 and 4000+ 500. The standard errors over-
lap even more than before! Shakes you a bit, doesn’t it?
Actually, the fact that the standard errors overlap a
little is not sufficient reason to rule out separation of the
dates. It all comes back to probability, for the greater
the overlap, the more likely it is that the dates really ap-
ply to the same event. The lesson in this is that “there
will be situations where conclusions drawn by the ar-
chaeologist from a given radiocarbon date will depend
critically on which formula is used to estimate the ac-
curacy of the date after calibration”**. Working out the
probability associated with the varying degrees of
overlap is no easy matter, but Carl Hubbs and Alfred
Perlmutter?’ did set forth general guidelines.

The Part Played by the User

The collector of a sample—and he alone is familiar
with the circumstances on the site—must exercise a
comprehensive knowledge of the problems involved in
radiocarbon dating. Proper handling of the material in
the field is essential, together with competent evalua-
tion of possible contamination. Later, when a date has
been determined, he should act responsibly in using it.

A sample that is not associated with the culture of
particular interest is quite useless, as some have learned
after spending their money.*® It took two tries on sample
M-1530 to persuade one archaeologist to check his own
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records, and lol—the carbon was thus belatedly
discovered to have been separated from the major
cultural component by six inches of sterile soill*® A
discrepancy of 1000 years had resulted.

Although there are means for clearing samples of
their contamination, the collector has to ask for special
pre-treatment. Otherwise, it will not be done. The
resulting poor dates have to be explained away—
perhaps by noting somewhat tardily that the sample
material had been ‘saturated by solution from [an]
overlying bed of manure”®® Much more commonly
cited as contaminants are plant roots. These were blam-
ed by Martijn as an infestation giving rise to the troubl-
ing rejuvenation of one of his dates to nearly modern
levels®'. Such poor samples as these should never have
been submitted at all, for dating.

Remembering Ogden’s stunning observation that col-
lectors come to reject more than half of all dates obtain-
ed for them®?, one surely must wonder how they can
presume to know age better than the sophisticated
technology picked to measure it. They do, though, as at-
tested by the astonishing frequency of their comments
in radiocarbon date lists: ““apparently too old”, or “100
years too late”, or “5000 years too late”, or “impossi-
ble,” and “‘also impossible”—to give just a few ex-
amples from an enormous body of them.

As Sanger innocently expressed it**, “‘Chronology
constitutes a problem if all the radiocarbon dates are
used”’. Some dates, evidently, just have to be eliminated,
if others are to become “‘plausible”. Internal consisten-
cy in a series of dates is popularly taken as a sure sign of
accuracy—but the date must also fall into line with ac-
cepted beliefs. One author managed to meet both
criteria by rejecting one-third of his dates, making it
possible to “erect a chronology which is compatible
with the known late Pleistocene and Recent history.”**

Sometimes it seems imperative that even lone dates
must be tossed aside, as when ‘‘acceptance of
[McGhee’s] date would place Canadian Thule culture
earlier in time than [its own ancestors]”’s® Yet, so en-
tranced were professional people, the authorities, with
their new toy that such bizarre results, somehow, were
taken in stride, and such a careful scientist as Antevs
was could be scornfully rejected, ignored, forgotten.

Occasionally, imperfect dates are adjusted, rather
than rejected. In this way, they can be pushed toward
what the user thinks they ought to be. In one instance,
“the date is acceptable, but [Taylor] prefers to add 120
years of range to obtain [a] date of about A.D. 1125.75¢

Another date, 14,200+ 1150 BP, which Bryan
thought®’ was too daring for the age of Early Man in
Brazil, was “‘used with great caution, tripling the range
of error and conservatively assigning a ‘date’ of 10,750
BP to level 10.” That bit of arithmetic brought it safely
into the time of Clovis man, making it acceptable to the
Establishment. Surely the standard-error figure was
never intended for this kind of abuse? It is, after all, an
indication of probability.

Full acceptance of a date, on the other hand, can be
based on nothing more substantial than finding *“‘no
compelling reasons for rejecting it”. That does not
mean that it is right. At other times a date like Wright’s
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GaK-1267 is accepted largely because it “‘reinforces
[the] apparent association” of artifacts.®®

Armed with one or more of these selected dates, the
collector will naturally attempt to draw some conclu-
sions from them. Believing, as Johnson did,*® that
“without exception, they are directly comparable”,
many authors make unjustifiable and even ludicrous
use of the dates. Two geographically separated dates,
for instance, fell so nearly alike in age that Ritchie®® was
led to speculate on the course of a single canoe voyage
some 3000 years ago! Hough® went farther, if such
were possible, in reversing the known sequence of some
post-glacial lakes on the basis of just two dates, even
though there was considerable overlap between them!

When using published dates, one must rely somewhat
blindly on the care and knowledgeability of other in-
vestigators. As de Laguna observed,®” “both authors
[Borden and Byers] seem ready to accept dates publish-
ed . . . for my Pacific Eskimo materials . . . even though
[they] were from samples suspected of contamination”.
She went on to point out that the deposits had been
saturated by seawater, and that the samples were wash-
ed in seawater; that the wooden objects were treated
with paraffin, while the bone and antler material was
soaked in a solution of shellac and wood alcohol; and
that everything sat gathering dust for a quarter-century,
prior to dating. Unbelievably, these were the samples
held by Borden® to be “sufficient to demonstrate that
the ground slate industry . .. could not possibly have
been derived from Eskimo culture”!!

The First Radiocarbon Revolution

In the light of what is known about the radiocarbon
method and the way it is used, it is truly astonishing
that many authors will cite agreeable determinations as
“proof” for their beliefs. Such blind faith in radiocar-
bon was more characteristic of the beginning years for
the method, when the first dates encouraged wholesale
abandonment of the existing age estimates, and open
ridicule of dedicated men who had spent their lives in
building up meaningful relationships.®* There was an
enormous gap between the new magic numbers and the
old chronologies—a gap much wider than we now have,
following corrections and improvements in C-14
methods.

One of those now-forgotten chronologies was based
on the counting of clay varves in the ancient beds of
glacial lakes. Using the annually-deposited layers as one
would tree rings, Ernst Antevs®® painstakingly arrived
at conservative estimates for the deglaciation of eastern
North America. He had placed the last major ice ad-
vance—other than Cochrane—at 19,000 years, and the
end of main Lake Algonquin at 16,300 years ago.’®
Then came radiocarbon, Krieger announcing®’ that the
whole of the Wisconsin period began “‘not more than
25,000 to 30,000 years ago”. Today, one may well gasp
in disbelief at such naivete!

An embattled Antevs argued in vain, while exhibiting
a rare understanding of the problems involved in
radiocarbon dating.®® He discussed modern-carbon con-
tamination and chemical exchange, isotope fractiona-
tion, and variation in carbon-14 concentrations, before
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these things were even measured! The great thrust of his
argument concerned the implications of those radiocar-
bon dates then being accepted by ‘“‘authorities”, right
and left. Some of the dates, he observed, were impossi-
ble on stratigraphic grounds. No one was listening—he
was just a doddering old fool.

The correlation of Two Creeks with the Champlain
Sea,® for instance, was in Antevs’ opinion untenable
because ‘1) the Two Creeks forest is older than 2)
Valders till which is older than 3) Lake Algonquin
which is older than 4) post-Algonquin lakes (Wyebridge
through Korah), some of which drained into the arm of
5) the Champlain Sea’.”®

Other radiocarbon dates implied wildly improbable
behavior on the part of the retreating ice sheet, he
argued. Johnson,”" however, ridiculed Antevs’
meticulous and serious approach as “unprovable opi-
nion”” and “‘absurdity”’. Rapidly, radiocarbon dates that
cut Antevs’ estimates in half replaced his chronology,
and it became unpopular even to mention him. The new
order, which somehow had gotten hold of God’s Truth
in a laboratory, remains entrenched to this day—for it
is not the way of “‘science” either to acknowledge or
dwell upon its embarrassing mistakes.”

Although our present understanding of glacial
chronology is indeed dependent on radiocarbon dating,
the ages we know and are using are not the ages that
were first announced. Were Antevs alive now, he would
be amused at the performance of his detractors, upon
seeing some of those extremely young dates being push-
ed back to what he said they should be in the first place.
It is true that certain dates are still only halfway there,
or are in some cases static. But increasingly, there has
been a tendency for the first determinations to be
superseded by much older dates (Table 1). Additionally,
re-study by Terasmae and Hughes '7 “confirms Antevs’
counting of the varves and his calculations of the rate of
retreat of the ice sheet’”. (italics mine).”

The varve chronology established by Antevs was not
alone in being discredited, nor is it the only one now
partly verified. Far distant from our glacial lakes, new
radiocarbon dates also have come to approximate the
old and rejected archaeological synchronisms for the
Aegean Bronze Age.”® For the most part, though, the
systems of dating used formerly are still scorned—if in-
deed anyone remembers them at all.

What we believe we know is very much based on
radiocarbon dating; that is, on radiecarbon dates that
were selected to fit other, earlier determinations. Trac-
ed back through the literature, it would appear that

Table 1. Changes in Age Estimates

Antevs Early C-14 Current C-14
Duration of  4500-3500 2619-3400 5500-3700
Great Lakes
Nipissing
End of 16,300 3656 10,500
main Lake
Algonquin
References 73 74 75 & 76
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those early and often erroneous radiocarbon determina-
tions were accepted without question, at a time when
the many problems were scarcely even recognized.

Implications

When radiocarbon dating was introduced on a wide
scale, back in the early fifties, it quickly replaced the
older methods of estimating ages. Thus it was freed
from any embarrassing checks on its accuracy. Instead,
adjustments were made to achieve internal order in the
radiocarbon chronology! Once that comforting opera-
tion was completed, a feeling of security enveloped the
exponents and their faithful followers. As Flint and
Rubin®® viewed it, “‘the consistency of the group of dates
under consideration is such as to justify the assumption
that all are accurate.”

Even so, there were problems. Lee,®' who had heard it
parroted over and over on the Sheguiandah site that
“radiocarbon dates are consistent’”’, observed that “an
immediate result of the acceptance of the C-14 datings
is the squeezing of tremendous cultural developments
into an unreasonably short time span”. To relieve this
extreme compression of events and time, there was cons-
tant tinkering, whereby, for instance, the date of 3656
BP for Lake Algonquin was transferred to Great Lakes
Nipissing, and the Nipissing date of 2619 BP was
reassigned to a still more recent lake level, called
Algoma! We should take note, too, that the Wisconsin is
no longer just 25,000 years old, but is now permitted to
occupy a niche at more than 60,000 years, as we may
see in Minshall.®? The ages past, we might say, are being
stretched a little! “Improvements’ are piling up, and we
still have some little distance to go. But as Antevs might
have said with his wry humor, “We’re getting there!”

Many authors, Flint and Rubin included, took special
pains to report their dates in terms of radiocarbon
years, determined ages, and apparent ages. Curiously,
while individual dates were recognized as being inac-
curate, radiocarbon chronologies as a whole were not.
Yet it is really a relative chronology, in which dates
tend to be too young, but are assumed to be in correct
sequence.

In similar fashion, the necessity for calibration over
the last 7000 years is well recognized and attended to,
while the probable error in older dates receives no prac-
tical consideration at all. At a range of 20,000 to
30,000 years, it is true, one can only guess at the full ex-
tent of the problem. But one can be reasonably sure
about its trend: too young.

First of all, we know that dates immediately beyond
the range of the bristlecone curves must also be about a
thousand years too recent, as a result of changing
carbon-14 concentrations. Similar work on varved clay
suggests a continuation of that trend to at least 10,000
B.P. For more ancient dates, the gap between radiocar-
bon and real ages may be still wider, as indicated by
comparisons with uranium-series dating.

Those bristlecone dates, however, were special deter-
minations, obtained from uniform wood samples. Ex-
cavated materials such as bone, shell and charcoal, on
the other hand, all suffer from contamination—both in
the ground and in the hands of careless or ignorant col-




VOLUME 19, SEPTEMBER, 1982

lectors. With peat, other types of soil, and bone, there is
apparently no way to completely remove contaminants.
Even fully treated samples give dates that are too
young. Lamented Goh et al. “That contamination in-
creases in significance with age is well established . . .
and yet [C-14] dates 20,000-40,000 years BP derived
from peats and organic silts and wood remains . . . are
still cited in the literature without any consideration
given”.** They also observed that an orderly succession
of dates in a deposit is often—and wrongly—argued as
evidence of insignificant contamination.

Ultimately, we must question the reliability of
radiocarbon dating—even for use as a relative
chronology. For one thing, we are trying to compare
dates obtained on different materials, some of which are
more prone to contamination than others. Even where
the material is of only one kind, as in the case of peat,
dates from just above an impermeable zone will date
younger than the more recent deposits nearer the sur-
face, because modern-carbon contaminants accumulate
in just such places.®*

Difference in environment, too, would influence the
degree of contamination—and hence, the error—from
one region to another. Hunt*® commented on the fact
that samples from eastern North America yielded dates
only half as great as those from drier climates in the
West: “It is possible to select a long or short timetable
depending on one’s choice”. He suggested that the
eastern dates were strongly affected by the more abun-
dant decomposition products of a moist environment.

If we are trying to make comparisons with dates
already reported in the literature, then we must surely
wonder how those dates and samples were handled.
Were the samples large enough? Were they collected
meticulously? Was special pre-treatment used to at-
tempt decontamination—and was it successful? Did the
lab correct for fractionation, or in the case of shell, was
that simply assumed to cancel the estimated reservoir
effect? Were those dates calibrated at all, and if so, was
the curve smooth or irregular? Did the collector accept
the standard error assigned by the lab, or did he follow
the advice of the statisticians? Were the dates
manipulated in any way? In short—what assurance do
we have that the dates are correct? After all, acceptance
by the collector merely tells us of his belief that he was
right!

Additionally, we will have to acknowledge the fact
that the radiocarbon time scale is not evenly
foreshortened. Fairly young dates can be calibrated to
compensate for variation in past carbon-14 levels, but
not the older dates. And yet it is the older dates that may
have been affected by extreme changes in the carbon-14
supply, depending on the severity of ancient magnetic-
pole reversals. Then, too, the more ancient samples are
all the more sensitive to modern-carbon contamination,
such as atomic fallout, and are likely to be dispropor-
tionately young.

Conclusion

Radiocarbon dating has somehow avoided collapse
onto its own battered foundation, and now lurches on-
ward with feigned consistency. The implications of per-
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vasive contamination and ancient variations in
carbon-14 levels are steadfastly ignored by those who
base their argument upon the dates.

The early authorities began the charade by stressing
that they were “not aware of a single significant
disagreement” on any sample that had been dated at
different labs.8%:-87 Such enthusiasts continue to claim,
incredible though it may seem, that ‘“‘no gross
discrepancies are apparent” *** Surely 15,000 years of
difference on a single block of soil is indeed a gross
discrepancy! And how could the excessive disagreement
between the labs be called insignificant, when it has
been the basis for the reappraisal of the standard error
associated with each and every date in existence?

Why do geologists and archaeologists still spend their
scarce money on costly radiocarbon determinations?
They do so because occasional dates appear to be
useful. While the method cannot be counted on to give
good, unequivocal results, the numbers do impress peo-
ple, and save them the trouble of thinking excessively.
Expressed in what look like precise calendar years,
figures seem somehow better—both to layman and pro-
fessional not versed in statistics—than complex
stratigraphic or cultural correlations, and are more
easily retained in one’s memory, “Absolute” dates
determined by a laboratory carry a lot of weight, and
are extremely helpful in bolstering weak arguments. If
they are sufficiently numerous to “cluster at A.D.
1000, as is erroneously claimed for L'Anse aux
Meadows in Newfoundland, they can be presented as
“overwhelming evidence” to sweep aside any dissenting
voices.”

No matter how “‘useful” it is, though, the radiocarbon
method is still not capable of yielding accurate and
reliable results. There are gross discrepancies, the
chronology is uneven and relative, and the accepted
dates are actually selected dates. ““This whole blessed
thing is nothing but 13th-century alchemy, and it all
depends upon which funny paper you read.”®' Is it,
then, time for the final radiocarbon revolution?

It may be possible to save radiocarbon from the fate
that unjustly befell its old rivals, such as time scales of
Antevs. Sometimes, it seems to be the only clue an in-
vestigator has. But it must be understood that a
radiocarbon date is nothing more than just exactly that
—a clue. It has to be used accordingly, and as just one
piece of evidence leading to an informed age estimate.

As a mere piece of evidence, of course, each date will
have to be reported in full, answering all of the ques-
tions that might arise. In this way, its background will
be out in the open, where it can be scrutinized and
evaluated. The figure finally presented to the reader, as
an informed age estimate, should make pretense of no
greater degree of precision than befits any estimate.

Radiocarbon, I suggest, can have a future. But if no
radical changes in attitude are forthcoming, that future
can hardly be an illustrious one. Let it be “a useful
tool” —but not a death warrant for all powers of obser-
vation and reasoning. As the great teacher L’Abbe
Breuil advised, let us observe and think!
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