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Abstract 

 

In 1988, samples were cut from the Shroud of Turin and carbon dated to a range of 1260 to 1390 

AD, based on the statistical analysis of the measurements as reported in Damon, et al (Ref. 1).  

This date of 1260-1390 conflicts with other evidence that the Shroud probably is from the time 

of Jesus (Section 6 of Ref. 10).  This conflict has motivated several authors to perform additional 

statistical analysis on the 1988 data (Ref. 2 to 12).  A recent paper by T. Casabianca, et al, titled 

“Radiocarbon Dating of the Turin Shroud: New Evidence from Raw Data” (Ref. 13) with 

supplementary material (Ref. 14) documents an important statistical analysis of the 1988 carbon 

dating of the Shroud which includes new data from the British Museum obtained by several 

Freedom of Information Act (FOIA) requests.  Unfortunately, people not familiar with the 

mathematics or terminology used in statistical analysis will probably not properly understand 

important concepts in these documents.  Perhaps of greatest importance, the authors of these 

statistical analyses (Ref. 2 to 14) agree that the samples sent to the three laboratories in 1988 

were heterogeneous, which is also referred to as non-homogeneous, which means that: 

• The samples were essentially different from each other relative to how they were 

measured. 

• Which means the samples contained statistically different ratios of C14 relative to the 

other carbon isotopes (C12 and C13). 

• Which means something had changed the ratio of C14 to C12 and C13, with the amount of 

this change being unknown for any sample. 

• Which means each measurement, though presumably measuring the correct ratio of C14 

to C12 and C13 in each sample, could have obtained dates that were different than the true 

date by an unknown amount. 

• Which means that the uncorrected average value of 1260 ± 30 cannot be regarded as 

necessarily accurate.  More precisely, it can be wrong by an unknown amount. 

• Which means the uncorrected date of 1260 ± 30 should be rejected as not valid. 

• Which means the corrected date range of 1260 to 1390 AD has no basis, and thus should 

also be rejected, i.e. given no credibility. 

Thus, the dates obtained during the 1988 carbon dating of the Shroud ought to be rejected, i.e. 

given no credibility, because the samples were heterogeneous (non-homogeneous).  The date 

range of 1260 to 1390 AD was accepted for the Shroud due to an inadequate statistical analysis 

that failed to recognize the presence of a systematic error or bias affecting the measurements. 
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1.  Errors in scientific measurements 

 

All measurements, including carbon dating, are affected by things that cause the measured values 

to be in error to various degrees.  There are two types of measurement error: random errors and 

systematic errors.  All measurements are affected by random processes that can cause the 

measurements to be a little high one time or a little low another time.  The effect of these 

randomly positive or negative errors can be minimized by doing many measurements so when 

the average value is calculated, the positive errors and the negative errors would cancel each 

other to a large extent.  While all measurements are affected by these random errors, 

measurements, including carbon dating, can sometimes also be affected by things that cause 

systematic errors, also called a systematic bias.  This type of error is called “systematic” in 

contrast to “random” because it can be caused by something that results in the measurements 

being in error in only one direction, either positive or negative.  This means the effect of a 

systematic error does not cancel out when many measured values are averaged. 

 

A simple example of a systematic error would be measuring the distance between two points 

with a ruler that is 5% shorter than the standard 12 inches.  This shorter ruler would cause the 

measured value to be 5% higher than the true value, for example a measured value of 105 feet 

between two points instead of the true value of 100 feet.  This 5% difference between the 

measured value and the true value is the systematic error or bias.  No matter how many times the 

measurement is performed, this 5% error would be present in the average value.  A more detailed 

example of a series of measurements being affected by a random error and a systematic error or 

bias, and the resulting statistical analysis, is given in Section 7 of Ref. 10.  This example should 

be carefully studied to fully understand the effect of a systematic error, and how the presence of 

a systematic error can be detected by a statistical analysis of the measurement data. 

 

Not only does a systematic error not cancel out with many measurements, it can also cause a 

significant error in the measured values.  For example, since carbon dating of cloth is performed 

by measuring the amount of C14 in a sample of the cloth relative to the other carbon isotopes (C12 

and C13), a cloth from the time of Jesus, about 30 to 33 AD, would be carbon dated to 1260 AD 

if this ratio (C14 to C12 and C13) in the sample were increased by only 16%.  This large change in 

the date is caused by a small change in the C14 concentration because the half-life of C14 is 5730 

years.  If a systematic error is affecting the measurements, its existence needs to be recognized 

and the magnitude of the error needs to be quantified if possible so the measurements can be 

corrected.  If there is a systematic error affecting the measurements, and if this systematic error is 

not recognized or quantified (to permit correction of the measured values) then the measured 

values could be in error by an unknown amount.  If this is the case, then the measured values 

should be rejected as not believable, because they cannot be trusted to be accurate.  This applies 

to the carbon dating of the Shroud. 

 

To determine if a systematic error or bias is affecting a series of measurements, a statistical 

analysis is performed on the measured values in comparison to the measurement uncertainties.  If 

the range of the measured values has a very low probability of occurring, given the measurement 

uncertainties, then a systematic bias is probably affecting the measurements.  For example, if 

three samples of a material are sent to three different laboratories, and each laboratory measures 

its sample multiple times, each laboratory can calculate an average value for its sample.  If the 
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range or difference in these average values is much larger than should occur due to the random 

errors resulting from the measurement uncertainties, then the presence of a systematic error is the 

only other option to explain the excessive range in the average values for the three samples.  The 

presence of such a systematic error is the result of something causing the measurements for the 

samples to be fundamentally different.  It should not be automatically assumed that the 

measurement personnel, procedures, materials, or equipment are at fault.  If there is no 

convincing evidence that these are at fault, it should be concluded that the samples are 

fundamentally different for some reason.  Something has changed the characteristic that is being 

measured in the samples. 

 

The words “homogeneous” and “heterogeneous” are important terms used in statistical analysis 

to refer to the nature of the samples being analyzed.  “Homo” refers to being the same whereas 

“hetero” refers to being different.  In practice, samples are called “homogeneous” when a 

statistical analysis of the data indicates that the variation in the measured values can be explained 

by the measurement uncertainties, i.e. that to a high probability the measured values are 

consistent with the measurement uncertainties.  If the statistical analysis indicates that the 

probability is very low that the range or distribution of the measured values is consistent with the 

measurement uncertainties, then the only other option ought to be recognized as probable, i.e. 

that a systematic error or bias has altered the measured values.  In this case the samples are not 

“homogeneous”, so they are called “non-homogeneous” or “heterogeneous”.  In the concepts of 

statistical analysis, homogeneous samples are said to come from the same population of values 

whereas heterogeneous samples are said to come from different populations of values. 

 

In simple terminology, samples are “homogeneous” if they are essentially the same (measured 

values consistent with the measurement uncertainties) in the quantity being measured, i.e. the 

ratio of C14 to C12 and C13 for carbon dating.  Multiple samples taken from the same piece of 

cloth or from nearby areas of the same rock strata ought to be “homogeneous”, i.e. essentially the 

same.  And in simple terminology, samples are “heterogeneous” or “non-homogeneous” when 

they are essentially different (measured values not consistent with the measurement 

uncertainties) in the quantity being measured.  For samples that are homogeneous, random errors 

can account for the differences in the measured values, and no systematic error is implied.  But 

for heterogeneous (non-homogeneous) samples, random errors alone cannot account for the 

differences in the measured values, so the presence of a systematic error is implied. 

 

From the previous discussion, a systematic error can cause the measured values to be wrong to 

an unknown amount.  Thus, measurement of heterogeneous (non-homogeneous) samples can be 

wrong to an unknown amount due to the presence of a systematic bias.  Measured values from 

heterogeneous samples should be rejected from believability because there is no assurance the 

measured values are correct.  The purpose of doing a statistical analysis of the data is not only to 

determine the best average or mean value that should be reported but also to determine whether a 

systematic error could have affected the measurements, in which case the measured values 

should be rejected from believability.  If the statistical analysis reveals an inconsistency between 

the measured values and the measurement uncertainties, the uncertainties should never simply be 

ignored, for this could hide the presence of systematic bias that could invalidate the measured 

values. 
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It should not be implied in the above that the scientific equipment incorrectly measured 

something, but rather that something changed the samples, so an incorrect date was implied by 

the measurements.  For the case of the carbon dating of the Shroud, it is believed that something 

increased the amount of C14 in the samples by 16% and the scientific equipment correctly 

measured this amount of C14 in the samples.  This increase in the C14 in the samples shifted the 

calculated date from the true value (about 30 to 33 AD) to the apparent date of 1260 AD. 

 

 

2.  1988 Carbon Dating and 1989 Statistical Analysis 

 

In 1988, samples were cut from one corner of the Shroud and sent to three laboratories at 

Tucson, Zurich, and Oxford for carbon dating.  As reported in Damon, et al (Ref. 1), the 

averaged value for the four measurements at the Tucson laboratory was 646 ± 31, the average 

value for the five measurements at the Zurich laboratory was 676 ± 24, and the average value for 

the three measurements at the Oxford laboratory was 750 ± 30.  These dates are given in years 

before 1950, and correspond to AD dates of 1304 ± 31, 1274 ± 24, and 1200 ± 30.  (Tables 1 and 

2 of Ref. 11).  The reported average of these three values in Damon was 1260 ± 31 AD (1260 ± 

31 = 1260 AD with a 1-sigma uncertainty of 31 years).  This is the raw or uncorrected value.  

When this value was corrected for the changing amount of C14 in the atmosphere, a range of 

1260 to 1390 was obtained.  That the bottom limit of this range is the same as the uncorrected 

value, both being 1260, is only fortuitus, i.e. occurs by luck. 

 

However, as discussed above, measured values cannot simply be assumed to be correct.  Prior to 

being accepted as correct, the measured values must pass a statistical analysis of the measured 

values relative to the measurement uncertainties to assure variations in the measured values are 

only due to random measurement errors and not a systematic error.  This is because the presence 

of a systematic error could cause the measured values to be wrong by an unknown amount.  This 

is an important point that is not usually understood by a layman.  In the statistical analysis 

reported in 1989 (Damon, et al, Ref. 1), they found that the range of the measured values was not 

consistent with the measurement uncertainties.  Their solution to this inconsistency was to 

assume that the measurement uncertainties were in error, with no further justification given.  

This effectively assumed that a systematic error could not be affecting the measurements.  This 

assumption in Damon, et al, was not readily understandable to the layman due to the technical 

terminology used in a journal article. 

 

Since the statistical analysis in Damon did not prove a systematic bias had not affected the 

measurements, the average value of the three laboratory average values should not have been 

accepted as necessarily correct.  In statistical analysis terminology, this raw or uncorrected result 

of 1260 ± 31 should have been “rejected” from use in dating the Shroud because it could have 

been wrong by an unknown amount due to possible presence of a systematic error.  But when the 

measurement uncertainties were assumed to be in error so they could be ignored, no statistical 

analysis was then possible, and the 1260 ± 31 value became the claimed result.  This 1260 ± 31 

value was then corrected for changes in the amount of C14 in the atmosphere over time thus 

resulting in the range of 1260 to 1390.  The 1260 to 1390 range is stated in Damon to be a two-

sigma range, which means there should be a 95% probability that the true date for the Shroud 

falls within this range.  This 95% probability range of 1260 to 1390 was used by the managers of 
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the laboratories and the media to prove that the Shroud was made in the 13th or 14th centuries and 

thus could not be the authentic burial cloth of Jesus.  But this supposed 95% probability range of 

1260 to 1390 was based on an average value of 1260 ± 31 that should have had no credibility.  It 

should have been rejected because it failed to pass the statistical analysis test of consistency 

between the range of the measured values and the measurement uncertainties.  The range of the 

measured values was not consistent with the measurement uncertainties because the 

measurements of the C14 in the samples not only included random measurement errors but also 

very probably something that had systematically altered the measurement values causing a 

systematic error or bias in the reported results.  There is only about a 1.4% probability that the 

range of the 1988 carbon dates was consistent with the measurement uncertainties (Ref. 11, 

Table 6, significance level =1.39% for material 1). 

 

The presence of a systematic error in the C14 measurements could cause the measurements to be 

wrong by an unknown amount, and thus the calculated date to be wrong by an unknown amount.  

Because this probable systematic bias was not recognized or quantified, the date of 1260 AD 

could be wrong by any amount, and should thus have been rejected.  Their assumption that the 

measurement uncertainties were in error allowed them to assume the 1260 ± 31 value was 

correct, which then produced their claimed 95% confidence range of 1260 to 1390.  This is how 

the reported average value of 1260 ± 31 that should have had no credibility became perceived as 

a 95% confidence range of 1260 to 1390 supposedly with full scientific backing. 

 

The carbon dating of the Shroud in 1988 and the statistical analysis of the data in 1989 (Damon) 

significantly decreased research for about a decade.  But during this time, researchers continued 

to evaluate options to properly understand the Shroud.  Based on a broad consideration of the 

evidence, most researchers gradually concluded that the Shroud was very probably from the first 

century and its carbon dating to 1260 to 1390 AD must therefore be in serious error (Ref. 15 and 

16).  Various hypotheses were considered to explain this error, i.e. the difference between about 

30 AD and 1260 to 1390 AD.  It is unlikely any contamination hypothesis is the correct 

explanation because the amount of contamination on the samples would have to be extremely 

high (60% to 80% of the sample weight) and because progressive severe cleaning of the Shroud 

samples was performed in 1988 without any apparent effect on the date (Damon).  The two 

leading hypotheses to explain this error between about 30 AD and 1260-1390 AD are the 

invisible reweave hypothesis and the neutron absorption hypothesis.  According to the invisible 

reweave hypothesis, this error resulted from the interweaving of new material into the threads of 

the old linen, but significant objections have been raised against this hypothesis (Chapter 9 of 

Ref. 16).  According to the neutron absorption hypothesis (Ref. 12), this error resulted from 

neutrons included in the burst of radiation emitted from the body that caused the image on the 

Shroud (Ref. 17 to 18).  Some of these neutrons would have been absorbed in the trace amount 

of N14 in the linen by the [N14 + neutron → C14 + proton] reaction to increase the amount of C14 

on the samples by 16%, which would have shifted the carbon date from about 30 to 1260 AD. 

 

 

3.  Understanding the Statistical Analysis in Casabianca, et al 

 

Tables 1 and 2 in Casabianca, et al, (Ref. 13) summarize the new data obtained from the British 

Museum regarding the 1988 carbon dating of the Shroud.  With over 700 pages being obtained 
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from the British Museum (Ref. 13), a significant amount of time will probably be needed to fully 

understand and organize this new information so further analysis and conclusions will probably 

be forthcoming.  This new information is very important and should be included in future 

statistical analysis.  The statistical analysis in Casabianca, et al, is largely beyond the capability 

of the author, and so an evaluation of it will not be attempted.  But the conclusions in Casabianca 

will be considered to facilitate people’s understanding.  The statistical analysis in Casabianca 

arrives at conclusions that are generally consistent with previous statistical analysis by Remi Van 

Haelst (Ref. 2 to 5), Bryan J. Walsh (Ref. 6 and 7), A.C. Atkinson, Giulio Fanti, Fabio Crosilla 

(Ref. 8 and 9), and the author (Ref. 10 to 12).  It is also consistent with the discussion in the 

previous sections of this paper.  Statements in the section labelled “Discussion” on pages 6 to 8 

of Casabianca are discussed below. 

 

“The conclusions of the various statistical analysis methods applied to both the Nature and raw 

results intra and inter laboratories are concordant.”  This means a statistical analysis of the new 

(raw) data listed in Table 1 gives consistent (concordant) results to a statistical analysis of the 

data published in Damon whether the analysis is done by comparing the differences in the data 

between (inter) the three laboratories or by comparing the differences in the data obtained by 

(intra) each laboratory separately.  Thus, statistical analysis of the new data from the British 

Museum produces the same basic conclusions as an analysis of the older data in Damon.  

However, this does not mean the conclusions in Damon are correct – see below. 

 

Regarding Table 1, the raw data obtained from the British Museum confirm that eight 

measurements were performed at the laboratory in Tucson, Arizona, rather than just the four 

values reported in Damon.  Why did those doing the statistical analysis think it necessary and 

justifiable to collapse the eight measurements performed into the four values reported?  Perhaps 

it was that this process eliminated the highest and lowest of the Arizona values, thus diminishing 

the inconsistency between the range of the measurement data and the measurement uncertainties.  

The measured values did not change between the raw data and the data published in Damon 

except for the last two reported measurements by Zurich.  The cause of this change is not 

understood.  But many of the measurement uncertainties were changed from the raw data to the 

data published in Damon:  Arizona (measurements 6 and 7, 676 ± 40 and 540 ± 37 combine to 

give 608 ± 27 instead of the value in Damon = 606 ± 41), Oxford (53 → 65, 30 → 45, and 46 → 

55), and Zurich (47 → 45, and 46 → 51).  All but one of these changes is an increase in the 

measurement uncertainty.  The result of these changes in the uncertainty is again to diminish the 

inconsistency between the range of the measurement data and the measurement uncertainties. 

 

“The two modified radiocarbon dates which were achieved using the same standards, were 

clearly not identical within errors.”  This apparently refers to measurements 5 and 6 by Arizona 

where the raw1 data lists 676 ± 40 and 540 ± 37.  The difference between these two values is 136 

± (402 +372)^0.5 = 136 ± 54, which indicates these two measurements are statistically different at 

the 136/54 = 2.5 sigma level. 

 

“Our statistical results do not imply that the medieval hypothesis of the age of the tested sample 

should be ruled out.”  While it is true that the statistical analysis does not rule out the possibility 

of the medieval hypothesis being true, it is also true that the statistical results cannot prove the 

medieval hypothesis is true.  This is because for heterogeneous samples, the amount of C14 in 
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each sample could have been changed by an unknown amount.  In this case, even if the amount 

of C14 in each sample is measured accurately, the resulting calculated dates would also have been 

changed by unknown amounts.  Thus, for heterogeneous samples, no reliable conclusions can be 

reached other than to reject the data. 

 

“Each TS raw and published radiocarbon date indicates a medieval interval for the fabric.  

Nevertheless, this reasoning would simply assume a constant amount of 14C atoms among the 

subsamples.  This basic assumption is not supported by the heterogeneity of the TS raw data …”.  

This says the “basic assumption” is that the samples contain the same amount of C14, so that the 

samples are homogeneous (essentially the same).  But this assumption is not supported by the TS 

(Turin Shroud) raw data.  Rather, the data indicates the samples are heterogeneous (essentially 

different) though they were located next to each other on the Shroud.  Thus, the results can not 

be trusted to be accurate and should be rejected from use in dating the Shroud. 

 

“The hypothesis of a statistical significance only due to some difference in measurements among 

the laboratories is weakened by the fact that the results were correct and consistent for the three 

control samples …”  This argues the problem is not with the measurement equipment or 

procedures.  This evidence indicates the ratio of C14 to C12 and C13 was correctly measured in 

each sample, but the ratio of C14 to C12 and C13 had somehow been changed in each sample.  

This change in the ratio could result from either an invisible reweave or by neutron absorption. 

 

There was a “significant statistical trend of the TS raw data” that “showed a significant decrease 

in the radiocarbon age as one gets closer to the centre of the sheet (in length, from the tested 

corner).  This variability of the Nature radiocarbon dates in a few centimeters, if linearly 

extrapolated to the opposite side of the TS, would lead to a dating in the future.”  This slope or 

gradient in the radiocarbon age (Figure 3 of Ref. 11) indicates the magnitude of the systematic 

bias is dependent on the original position of the sample on the Shroud, with older dates toward 

the bottom of the cloth and more recent dates as the location is moved away from the bottom of 

the cloth.  In the invisible reweave hypothesis, this slope in the age is explained as due to the 

changing fraction of new vs. old material in the reweave as a function of location.  In the neutron 

absorption hypothesis (Ref. 12), this slope in the age is explained by the natural distribution that 

neutrons would have taken in the tomb after being emitted from within the body as part of the 

radiation burst that formed the image.  The reference to the possibility of dates into the future is 

consistent with the neutron absorption hypothesis (Figures 11 to 14 of Ref. 12), which predicts 

most locations on the Shroud should carbon date to the future due to neutron absorption creating 

new C14 in the linen. 

 

In the last paragraph, “the presence of serious incongruities among the raw measurements … 

strongly suggest that homogeneity is lacking in the data.”  Since the samples are not 

homogeneous, a systematic bias is evidently present in the measured values which could have 

changed the values by an unknown amount.  This means the measured data should be rejected 

from any degree of credibility. 

 

In the last sentence, “It is not possible to affirm that the 1988 radiocarbon dating offers 

‘conclusive evidence’ that the calendar age range is accurate and representative of the whole 

cloth.”  Since this analysis does not affirm “conclusive evidence” for the 1260 to 1390 date for 
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the Shroud, the conclusion in Damon (Ref. 1) that “the linen of the Shroud of Turin is 

mediaeval” ought to be rejected, consistent with everything said above. 

 

 

4.  Conclusion 

 

In Ref. 2 to 14, the eleven authors who performed statistical analysis of the 1988 carbon dating 

of the Shroud concluded the samples sent to the three laboratories were heterogeneous, i.e. 

essentially different from each other regarding the ratio of C14 to C12 and C13.  Since the samples 

sent to the laboratories were next to each other on the Shroud, something evidently had changed 

this ratio for the different samples.  Thus, the average value from the three laboratories (1260 ± 

31) should be rejected as not valid, which leaves no basis for the 1260 to 1390 AD range.  The 

conclusion in Damon that “The results provide conclusive evidence that the linen of the Shroud 

of Turin is mediaeval” ought to be rejected, i.e. given no credibility.  Casabianca, et al (Ref. 13 

and 14) is not saying the 1988 carbon dating is essentially correct but should have a wider 

uncertainty range.  Rather, Casabianca, et al, confirms the previous statistical analysis (Ref. 2 to 

12) that the samples are heterogeneous, so the uncorrected date (1260 ± 31) and the corrected 

range (1260 to 1390 AD) ought to be rejected from use in dating the Shroud. 

 

It is believed the ratio of C14 to C12 and C13 in each sample was accurately measured in the 1988 

carbon dating of the Shroud, but the samples evidently contained different ratios of C14 to C12 

and C13.  The best explanation for this is probably the neutron absorption hypothesis (Ref. 12).  

This concept hypothesizes that neutrons were part of the burst of radiation emitted from the body 

that formed the image (Ref. 17 and 18).  These neutrons caused new C14 to be produced in the 

samples primarily by neutron absorption in the trace amounts of N14 in the linen by the [N14 + 

neutron → C14 + proton] reaction.  The C14 content must be increased by only 16% to shift the 

carbon date from 30 AD to 1260 AD.  There are four characteristics related to carbon dating as it 

relates to the Shroud: the date, slope, and range of the data obtained in the 1988 carbon dating of 

the Shroud, and the carbon dating of the Sudarium to 700 AD, since the Sudarium is related to 

the Shroud.  The neutron absorption hypothesis (Ref. 12) is the only hypothesis consistent with 

all four of these characteristics, but predictions of the neutron absorption hypothesis have not yet 

been tested (Ref. 19). 
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