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Abstract 

The 1988 radiocarbon dating of the Turin Shroud returned a calibrated medieval 

date of 1260–1390 CE. This paper subjects the body of evidence assembled 

primarily between 2000 and 2025 to a comprehensive and systematic 

evaluation. After reviewing each category of positive evidence for the repair 

hypothesis — vanillin content, gum and dye coatings, cotton fibre admixture, 

the spliced thread, discolouration, spectrographic anomalies, textile expert 

testimony, the Holland cloth discontinuity, and historical repair records — it 

assesses the logical weight of each and advances the textile production objection 

as the most decisive constraint. The conclusion reached is that the chemical 

evidence for anomaly in the C-14 corner is genuine and reproducible, but that 

the strong form of the repair hypothesis — invisible reweaving in matching 

material — is strongly disfavoured by three independent lines of evidence: the 

required weave structure is exceedingly rare in the medieval European textile 

record, with only a single documented 14th-century linen comparandum known; 

close physical examination of the cloth has found none of the microscopic traces 

a woven repair would leave; and direct SEM examination of the actual 1988 

Arizona fragments (Freer-Waters and Jull, 2026) found no cotton, no repair, and 

no contamination.7 The neutron irradiation hypothesis remains untested and 

speculative but cannot be dismissed, as it is the only account quantitatively 

consistent with the spatial gradient of the 1988 subsamples; critically, its 

predicted isotopic signatures — Cl-36 and Ca-41 — are measurable with 

existing accelerator mass spectrometry and have never been looked for. A call 

for new multi-site sampling with pre-screening is made. On current evidence, 

the medieval radiocarbon date stands for the tested material; the strong repair 

hypothesis is inconsistent with the available direct evidence; the cloth's unusual 

textile and image properties warrant further investigation. 
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─────────────────────────────────────────────────────
──────────────────────── 

 

1. Introduction and Scope 

The 1988 dating of the Turin Shroud was conducted by three independent accelerator mass 

spectrometry laboratories in Oxford, Zurich, and Tucson under the coordination of the British 

Museum. The results were unambiguous in their range: 1260–1390 CE at 95% confidence. 

Published in Nature,1 the finding was widely reported as settling the question of the Shroud's 

authenticity. 

The scientific debate, however, did not end in 1988. A sustained and methodologically diverse 

programme of research — centred especially on the work of STURP chemist Raymond Rogers, 

published in peer-reviewed form in Thermochimica Acta in 20052 — has assembled a body of 

evidence that the sampled corner was materially different from the rest of the cloth. This body 

of evidence has been assembled across peer-reviewed studies, conference proceedings, 

specialist reports, and secondary syntheses, the most important of which are cited throughout 

this paper. Where peer-reviewed publications are unavailable — as is common in Shroud 

studies given the restricted access to the object — the paper cites specialist reports and 

conference proceedings as part of the evidentiary record. Citations from grey literature are used 

to document what was claimed and by whom, not to assert the same evidential weight as peer-

reviewed findings; the distinction is noted in context throughout. 

The present paper works through that evidence systematically. For each category of positive 

evidence, it first states the evidence fairly, then subjects it to critical analysis. The paper then 

addresses the textile production constraint — the weave-match problem — which constitutes 

the most decisive objection to the strong form of the repair hypothesis; the 2026 Freer-Waters 

and Jull study, which directly examined the archived 1988 Arizona sample fragments;7 and the 

neutron irradiation hypothesis, treated briefly as an untested alternative. The paper concludes 

with a call for new sampling. 

─────────────────────────────────────────────────────
──────────────────────── 

2. The Pre-1988 Warnings: Did the Sampling Location Matter? 

One of the strongest procedural arguments for questioning the 1988 result is that the bottom-

left corner from which the C-14 samples were cut had been flagged as problematic before the 

sampling took place. These warnings are documented and dated. 

Textile expert John Tyrer wrote in 1981 that the region appeared to be a rectangular patch 

different in tone and hue from the main cloth. In 1983 he repeated this concern explicitly in the 

context of planned carbon dating. Archaeologist William Meacham wrote in 1986 that the Raes 

corner was certainly more subject to contamination than the main body.10 Paul Maloney had 

found cotton woven into the linen yarns specifically in the Raes corner and communicated this 

directly to the Vatican a month before the 1988 sample cutting.11 Walter McCrone, himself a 
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sceptic of the Shroud's authenticity, had in 1978 warned that the 1973 Raes sample came from 

the hem and might be of more recent vintage. 

These are independent observers, several of them sceptics, raising the same concern before the 

result was known. It establishes that the choice of sampling location was procedurally 

inadequate by the standards of archaeological radiocarbon dating, which normally requires 

multiple sampling sites and specific avoidance of edges and selvages. 

Critical assessment: This evidence is strong in establishing procedural failure but does not by 

itself prove that the corner is a repair. It establishes that the sampling was imprudent, not that 

it was false. The failure to sample from multiple sites remains the most damaging procedural 

indictment of the 1988 result. 

─────────────────────────────────────────────────────
──────────────────────── 

3. King Umberto II and the Savoy Family Tradition 

Historian Carlos Evaristo reports testimony attributed to King Umberto II of Italy, who owned 

the Shroud from 1453 until 1983. According to this account, Umberto confirmed that the 

Shroud's edges had become tattered through the practice of distributing edge threads as relics, 

requiring repair. The 1694 repair, carried out with the assistance of Blessed Sebastiano Valfrè, 

used materials described as "similar, yet newer… containing dyes and other medieval 
manufacturing ingredients."21 

Critical assessment: The testimony is third-hand at best: Evaristo reports what Umberto told 

Haffert in the 1960s, with the account not published until 2011. The chain of transmission 

involves at least two unrecorded oral stages and a gap of forty to fifty years. Umberto died in 

1983 and cannot be cross-examined. The testimony establishes that repairs occurred and 

involved newer materials; it does not establish that a woven-in repair of matching herringbone 

linen was executed in the specific corner sampled in 1988. 

─────────────────────────────────────────────────────
──────────────────────── 

4. Visible Discolouration and Spectrographic Anomalies 

4.1 Visible Discolouration 

The darkening of the Shroud corners in visible light is real and documented in Gian Carlo 

Durante's 2002 high-resolution photographs. Rogers' finding under ultraviolet fluorescence — 

that the carbon-dated area appears as a non-fluorescent dark zone in contrast to the fluorescent 

main cloth — adds a spectroscopically independent confirmation.2 

Critical assessment: The discolouration is genuine but not unambiguously diagnostic of a 

repair. All four corners are darker, yet only one corner is argued to be repaired. The most 

conservative interpretation is that corners accumulate differential surface chemistry through 

handling and folding. 
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4.2 Adler's FTIR and the Blue Quad Mosaic 

Adler's 1996 finding that the radiocarbon samples showed more internal compositional 

variation than samples taken from areas a full body-length apart is a specific observation that 

demands explanation.3 The Blue Quad Mosaic corroborates this: the multispectral images show 

the C-14 corner as chemically distinct from the main cloth. 

Critical assessment: Adler himself was cautious: he wrote that the radiocarbon area "may 

contain newly woven material as a repair," using the modal form. His finding could equally 

reflect differential handling history, cumulative contamination, and edge effects of water 

staining and fire proximity in 1532. The evidence establishes chemical distinctiveness; the 

causal mechanism remains underdetermined. 

─────────────────────────────────────────────────────
──────────────────────── 

5. The Rogers Evidence: Vanillin, Gum Arabic, Dye, and Cotton 

5.1 Vanillin Content 

Rogers found vanillin — a degradation product of lignin present in plant cell walls — in the 

C-14 corner threads, the Holland cloth (added in 1534), and other medieval linens, but not in 

any samples from the main body of the Shroud, the Dead Sea Scrolls, or other ancient linens. 

Since vanillin dissipates over time, its absence from the main cloth but presence in the corner 

is a chemical indicator of age differential.2 

Positive weight: This is Rogers' strongest evidence. The differential vanillin finding has not 

been refuted. The Dead Sea Scrolls comparison is particularly striking: those linens, dated to 

200 BCE–70 CE and preserved in an arid cave, also lack vanillin, providing an independent 

ancient-linen comparator. 

Critical assessment: The vanillin argument assumes similar storage conditions for the corner 

and the main cloth, but the corner's greater handling and proximity to the heat of the 1532 fire 

could have created a local microclimate that accelerated vanillin degradation independently of 

any age difference. What the vanillin evidence firmly establishes is that the corner's chemical 

history has been different from the main cloth; it does not by itself prove that the material is 

younger. 

5.2 Gum Arabic Coating 

Rogers, Brown, Moon, and Villareal independently identified a water-soluble plant gum — 

most consistent with gum Arabic — as a surface coating on threads from the C-14 corner, 

absent from all other parts of the Shroud examined.2,5,12,13 Brown's photomicrography 

demonstrated that the coating was absent in the sheltered regions where warp and weft threads 

intersect, confirming it was applied to the outer surface of finished yarn. The gum was noted 

to be readily hydrolysed by the HCl pretreatment used by the dating laboratories. 
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Positive weight: The independent replication across four researchers using different analytical 

methods is the strongest argument for the gum finding's validity. Brown's demonstration of the 

coating's absence at thread intersections is particularly compelling. 

Critical assessment: The 2026 Freer-Waters and Jull SEM analysis of the actual 1988 Arizona 

fragments found no such coating.⁷ This directly contradicts the gum finding. As the only direct 
examination of the actual dated material, it must be given significant weight. One reconciliation 

is that gum Arabic, being water-soluble, may have been lost between 1988 and 2026 through 

handling or environmental exposure — but this is unlikely: the 2026 paper notes that the 

archived fragments were stored under controlled conditions, in a sealed container in a climate-

controlled archive. Such storage makes post-1988 chemical loss extremely unlikely, and the 

absence is therefore more likely genuine than artifactual. The conflict between Rogers' positive 

identification and the 2026 negative result is not fully resolved, but the storage conditions 

substantially weaken the "lost in transit" explanation. 

Critical assessment: The 2026 Freer-Waters and Jull SEM analysis of the actual 1988 Arizona 

fragments found no such coating.7 This directly contradicts the gum finding. As the only direct 

examination of the actual dated material, it must be given significant weight. One reconciliation 

is that gum Arabic, being water-soluble, may have been lost between 1988 and 2026 through 

handling or environmental exposure — but this is unlikely: the 2026 paper notes that the 

archived fragments were stored under controlled conditions, in a sealed container in a climate-

controlled archive. Such storage makes post-1988 chemical loss extremely unlikely, and the 

absence is therefore more likely genuine than artifactual. The conflict between Rogers' positive 

identification and the 2026 negative result is not fully resolved, but the storage conditions 

substantially weaken the “lost in transit” explanation. 

5.3 Alizarin Dye and Mordant 

Rogers identified alizarin (from madder root) combined with a hydrous aluminium oxide 

mordant in the C-14 corner threads. The aluminium concentration was reportedly twenty times 

higher in the C-14 corner than elsewhere on the Shroud, as confirmed by X-ray elemental 

analysis. Alizarin dye was not used in Europe before approximately 1291 CE.2 

Critical assessment: The 2026 Freer-Waters and Jull study found no dye in the Arizona 

fragments.7 The conflict between Rogers' positive findings and the 2026 examination is not 

fully resolved. The weight of independent positive identifications (Rogers, Brown, Adler, 

Villareal) is offset by the 2026 finding that the actual dated fragments show none of these 

features. Since the 2026 fragments are the only material directly linked to the 1988 dating 

result, their negative finding must take precedence over Rogers' adjacent-thread evidence for 

the specific purpose of explaining the C-14 date: the anomalies Rogers identified may be real, 

but they are not present in the material whose age we are trying to account for. 

5.4 Cotton Fibre Admixture 

The presence of cotton fibres in the C-14 corner is the most widely reported of the chemical 

anomalies. At least eight independent researchers from 1974 to 2009 found cotton in the corner 

material, while none found it in the main cloth. Table 1 summarises the findings. 
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Table 1. Reported Cotton Concentrations in the C-14 Corner Material by Study 

Researcher(s) Year Reported Cotton Magnif. Notes 

Raes 1974 Trace Optical G. herbaceum 

STURP 1978 “A lot” NR Spun into threads; none elsewhere 

Oxford Lab 1988 2–3 fibres 200× In Oxford dated subsample 

Rogers 2002–
05 

Copious, at core of all 

yarn segments 
800× Interior distribution; absent from main 

cloth 

Brown 2005 Present (unquantified) 100× + 

SEM 
Raes thread R14; tape-like structure 

Villareal et al. 2007–
08 

Major constituent in 

spliced thread 
ToF-

SIMS 
Later uncertainty expressed 

Heimburger 2009 ~15% in outer part of 

R7 (range 0–28%) 
400×+ Heterogeneous distribution confirmed 

Fanti 2009 2.1% (4 of 188 fibres) 150–
600× 

Parallel to linen; blended spinning 

Freer-Waters & 

Jull 
2010 Low levels — few 

fibres 
320× Arizona reserve fragment; no chemical 

analysis 

Freer-Waters & 

Jull 
2026 None detected SEM Actual 1988 Arizona fragments A1A & 

A1B; PLM + SEM 

 

Positive weight: The suggestive convergence across multiple independent observations — 

eight researchers finding cotton only in the corner — is notable. Rogers' demonstration that the 

cotton is interior to threads argues against surface contamination. 

Critical assessment: The 2026 Freer-Waters and Jull examination — the only direct SEM 

analysis of the actual dated fragments — found no cotton.7 This is the most authoritative 

physical examination of the actual material dated in 1988, and its negative finding must be 

weighted accordingly. One explanation is heterogeneous distribution: if cotton is concentrated 

in specific threads absent from the two fragments analysed, it would not be detected. However, 

this explanation simultaneously weakens the repair hypothesis: a repair so heterogeneous that 

two randomly selected fragments contain no trace of it would not have produced the consistent 

medieval dates observed. 

─────────────────────────────────────────────────────
──────────────────────── 

6. The Spliced Thread 

Rogers found in Raes thread No. 1 a thread that separated into two sections with fibres pointing 

in opposite directions — an end-to-end splice of two different batches of yarn. Villareal's 2007 

ToF-SIMS analysis found that the pieces showed spectra consistent with cotton rather than 

linen, with the connecting crust identified as an organic-based resin. 

Critical assessment: A splice joining two distinct yarn batches in opposite orientation is not a 

feature of normal linen weaving. It is the most specific single piece of physical evidence for 
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some form of intervention. However, Villareal later expressed uncertainty about the cotton 

identification. The thread was destroyed during analysis, making independent verification 

impossible. The provenance of Rogers' Raes threads has been questioned. The finding, while 

striking, rests on a single destroyed sample with uncertain provenance. 

─────────────────────────────────────────────────────
──────────────────────── 

7. Physical Anomalies: Thickness, Weft Weight, and Holland Cloth 

Three physical anomalies have been identified: (a) the C-14 corner area measures 

approximately 250 microns thick versus the main cloth's 345 ±22 microns — a 30% difference; 

(b) Raes found weft threads from the Raes corner significantly lighter than those from the side 

strip; and (c) the Holland cloth backing shows a discontinuity in the corner behind the C-14 

sample. 

Critical assessment: The 30% thickness discrepancy is the physically most robust anomaly in 

the entire dataset. However, the 2026 Freer-Waters and Jull study found warp and weft density 

fully consistent with the main Shroud body in the actual dated fragments, with no anomalous 

thinning.7 This does not necessarily contradict the thickness measurement: the 30% discrepancy 

was measured on the in-situ cloth, and the 2026 fragments are small excised samples that may 

not have been taken from the location of maximum thickness difference. The absence of 

thinning in A1A and A1B therefore does not resolve this anomaly. 

─────────────────────────────────────────────────────
──────────────────────── 

8. Textile Expert Testimony, the 2026 Physical Examination, and Flury-

Lemberg 

In 2000, Marino and Benford presented photographs of the C-14 sample to three independent 

textile experts without identifying the subject.8 All three reported perceiving differences 

between left and right portions. David Pearson stated it was definitely a patch; Thomas 

Ferguson and Co. noted something different left versus right; Louise Harner observed a 

different float pattern on either side. 

Critical assessment of photograph-based testimony: The blind protocol is a genuine 

methodological strength. However, all three reviewers examined photographs, not the cloth 

itself. 

Mechthild Flury-Lemberg, the Swiss textile conservator who led the 2002 restoration, 

examined the actual cloth. Her conclusion was unambiguous: she found no evidence of repair 

in the C-14 corner, and stated that any genuine invisible mend would leave micro-scale 

discontinuities visible to the trained eye on the reverse — discontinuities she did not find.6 

Physical examination of the cloth is not merely another data point: it is the test that the strong 

repair hypothesis predicts should confirm a repair, because any woven intervention leaves 

microscopic traces on the reverse. Flury-Lemberg's negative finding on direct examination is 
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therefore not simply a counterbalancing opinion — it is an empirical result that the hypothesis 

must explain and has not. 

This negative result has been independently corroborated by a peer-reviewed analysis 

published in April 2026 in npj Heritage Science. Freer-Waters and Jull (2026) — with Jull 

being a member of the original 1988 Arizona AMS team — physically examined the two 

archived Arizona fragments (A1A and A1B) using polarised light microscopy and scanning 

electron microscopy.7 Their findings directly address the repair hypothesis: 

• No signs of repair were found in either fragment. 

• No cotton fibres were detected — directly contradicting Rogers' key finding and the 

data in Table 1. 

• No surface contamination sufficient to interfere with a C-14 date was found. 

• Weave structure and textile identity of both fragments are fully consistent with the 

main Shroud body: 3/1 herringbone twill, z-spun, warp/weft density 37–41 × 26–29 

yarns/cm. 

• Freer-Waters and Jull note that the textile properties are highly atypical for the 1260–
1390 CE date: the 3/1 herringbone twill in linen is exceedingly rare in the medieval 

European textile record, with the nearest documented analogue being a late 16th-

century canvas painting substrate. This is a rare instance of a study supporting the 

laboratory result while simultaneously noting the textile's anomalous properties within 

that result's own date range — a tension the authors flag as meriting further study. 

The 2026 study supersedes the 2010 Freer-Waters and Jull paper for the purpose of evaluating 

the repair hypothesis. The 2010 study used 320× magnification and performed no chemical 

analysis; the 2026 study used SEM and PLM on the same archived fragments. The 2026 

findings mean that Rogers' cotton, gum, and dye observations — which were the evidentiary 

backbone of the repair hypothesis — are not present in the actual dated material. This does not 

prove Rogers was wrong about the threads he examined; it establishes that the specific 

fragments dated by the Arizona laboratory in 1988 do not show the anomalies Rogers identified 

in adjacent Raes threads. The negative findings apply strictly to fragments A1A and A1B and 

do not exhaustively sample the Raes corner: the possibility that cotton or dye is concentrated 

in portions of that region not represented by these two fragments cannot be excluded. However, 

such heterogeneity would itself undermine the repair hypothesis — under standard mixing 

assumptions, a repair so localised that it is absent from randomly selected fragments of the 

dated sample could not have shifted the overall C-14 result by several centuries in the absence 

of a demonstrated concentration mechanism sufficient to dominate the sample mass. 

─────────────────────────────────────────────────────
──────────────────────── 

9. The Sample Swap Theory 

A secondary hypothesis holds that the samples were fraudulently swapped during the sampling 

process. Evidence offered includes a laborious search for a matching medieval herringbone 
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linen, photographs of the laboratory samples, a weight discrepancy, an anonymous third-hand 

telephone call, and a £1 million donation to the Oxford laboratory. 

Critical assessment: The swap theory requires active deliberate fraud by named individuals 

and must therefore be held to a higher standard of evidence. That standard is not met. The 

anonymous third-hand telephone call is explicitly acknowledged as owing ‘little weight.’ The 
weight discrepancy of 3.1 mg is within moisture-loss range. The swap theory remains 

unproven. Its inclusion weakens rather than strengthens the overall case.22 

─────────────────────────────────────────────────────
──────────────────────── 

10. The Neutron Irradiation Hypothesis: A Speculative Alternative 

A third explanatory framework holds that the anomalous radiocarbon date is a physical 

consequence of neutron irradiation associated with the image-formation event, rather than any 

material alteration of the sample corner. The hypothesis has been developed most rigorously 

by nuclear engineer Robert A. Rucker through what he terms the Vertically Collimated 

Radiation Burst (VCRB) hypothesis.19,20 

Rucker proposes that a brief high-frequency vertical oscillation of nuclei within the body 

caused approximately 0.0004% of deuterium nuclei to split, releasing equal numbers of protons 

and neutrons. The emitted neutrons would have been absorbed by nitrogen-14 in the linen fibres 

via the standard reaction N-14 + neutron → C-14 + proton, producing new carbon-14 atoms 

and inflating the C-14/C-12 ratio. 

The quantitative case is notable. Rucker's MCNP nuclear analysis calculations demonstrate that 

approximately 2×1018 neutrons emitted uniformly from a human body would shift the C-14 

date at the 1988 sample location from approximately 33 CE to the midpoint of the observed 

1260–1390 CE range. More significantly, this is the only proposed explanation that is 

quantitatively consistent with all four independent features of the 1988 carbon dating result: 

(1) the mean uncorrected date of 1260 ± 31; (2) the spatial gradient of approximately 36 years 

per centimetre across the three sampling positions; (3) the full distribution of all twelve 

subsample dates; and (4) the independently measured carbon date of approximately 700 CE for 

the Sudarium of Oviedo. The chi-squared fit of the neutron absorption model is 4.48 times 

better than the simple medieval hypothesis. Statistical analyses in four peer-reviewed 

papers15,16,17 confirm that the twelve subsamples are statistically heterogeneous — exactly the 

pattern the neutron model predicts from a spatially non-uniform flux. 

The VCRB hypothesis also proposes that the same deuterium fission event produced vertically 

collimated protons responsible for image formation, via alternating-current skin-effect heating 

of the linen fibres. The image-formation side of this framework has been independently 

addressed in the peer-reviewed ENEA excimer-laser experiments (Di Lazzaro et al., 2012),18 

which demonstrated that nanosecond deep ultraviolet pulses can produce Shroud-like 

superficial coloration with threshold behaviour on linen. Several physical and chemical 

constraints on image formation have been identified in the peer-reviewed STURP literature: 

superficial depth (~0.2–0.6 μm), 3D topographic encoding, blood-first sequence, absence of 
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thermal damage, and absence of lateral images. No current known natural mechanism satisfies 

all of them. 

Critical assessment: The neutron irradiation hypothesis requires a physical cause — high-

frequency nuclear oscillation causing deuterium fission — that lies outside current physical 

models and cannot be independently produced or reproduced in a laboratory setting. Its most 

directly falsifiable prediction — the presence of intermediate-half-life isotopes Cl-36 and Ca-

41 in the cloth, produced by neutron activation — has not been tested. Until this test is 

conducted, the hypothesis is scientifically not assessable beyond the statistical consistency 

Rucker demonstrates. It is therefore presented here as untested and speculative, but not 

dismissible: it is the only account that fits all four numerical constraints of the 1988 dataset, 

and its principal prediction is testable with existing technology. Critically, if Cl-36 and Ca-41 

are not found above natural background levels in the cloth, the neutron hypothesis is falsified 

— this is among the clearest falsifiability criteria available for any hypothesis in this debate. It 

does not require any repair of the cloth and is therefore not in competition with the repair 

hypothesis in the usual sense — it is an entirely different class of explanation for the same 

anomalous date. 

─────────────────────────────────────────────────────
──────────────────────── 

11. The Case Against the Strong Repair Hypothesis 

An invisible repair requires patch material indistinguishable from the original cloth under 

examination. The original cloth is a 3/1 herringbone twill in pure flax linen, with a thread count 

of approximately 38–40 warp threads per centimetre and 25–30 weft threads per centimetre, 

woven with z-spun thread in both axes.7 

The 3/1 herringbone twill weave found in the Shroud is exceedingly rare in the medieval 

European textile record, with only a single documented 14th-century linen fragment of a 

comparable weave currently known. 

The only 14th century 

herringbone twill weave in linen 

in the Victoria and Albert 

Museum[12Octo24]. It is 

painted with flowering vines, 

birds and animals. The grey part 

is a reconstruction. Victoria and 

Albert Museum ref. no. 8615-

1863[16Jul15]. It measures only 

18 x 10.5 cm (7.1 x 4.1 in.) and 

has a much coarser weave than 

the Shroud, being 22 threads per 

cm. warpway, and 12 per cm. 

weftway, compared to the 

Shroud's 38.6 per cm. warpway 

and 25.7 per cm. 

weftway[19Oct22].] Link 

 

https://theshroudofturin.blogspot.com/2024/10/gabriel-vial-turin-shroud-encyclopedia.html#paraGFH
https://collections.vam.ac.uk/item/O144714/printed-linen-unknown/
https://collections.vam.ac.uk/item/O144714/printed-linen-unknown/
https://collections.vam.ac.uk/item/O144714/printed-linen-unknown/
http://theshroudofturin.blogspot.com/2015/07/weave-4-evidence-is-overwhelming-that.html#para10
https://theshroudofturin.blogspot.com/2022/10/history-of-shroud-1355-present-turin.html#c1375
https://theshroudofturin.blogspot.com/search?updated-max=2025-05-14T22:30:00%2B08:00&max-results=7&start=3&by-date=false
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When the British Museum searched for a medieval linen herringbone comparandum for the 

1988 control samples, it was unable to identify a suitable match, reflecting how exceptional 

this weave structure is.1 Medieval European linen was produced predominantly in tabby (plain) 

weave, with herringbone twill in the period attested almost exclusively in wool. The 3/1 

herringbone structure requires a loom with at least four harnesses, calibrated to the correct warp 

density, capable of the offset shift pattern that creates the herringbone. Setting up such a loom 

specifically to produce a small patch of matching cloth describes a workshop activity with no 

economic precedent. 

The repair hypothesis faces a logical dilemma. If the repair used original cloth threads extracted 

from the Shroud's fringe, those threads would still carry a first-century carbon date and would 

not explain the medieval result. If the repair used newly produced material, that material had 

to match a weave structure that was effectively unavailable in medieval European production. 

No well-supported third option currently exists. 

This dilemma is now sharpened by the 2026 Freer-Waters and Jull finding.7 Their confirmation 

that the dated fragments are structurally identical to the main cloth — and their own observation 

that this structure is “highly atypical” for the supposed medieval date — simultaneously 

reinforces the weave-match objection and raises a new question: if the dated material is 

genuinely representative of the main cloth, as Freer-Waters and Jull confirm, then the cloth 

itself is anomalous for its own radiocarbon date. 

Summary: The strong repair hypothesis lacks empirical support under direct examination. A 

truly invisible repair in the 3/1 herringbone linen of the Shroud would require patch material 

matching a weave structure not documented in the medieval European textile record — such 

production has no known comparanda in the period. The second line of evidence — that any 

woven repair would leave microscopic traces that examination has not found — has been tested 

empirically and returned a negative result by two independent examiners.6,7 Together, these 

make the strong repair hypothesis strongly disfavoured, though it should be noted that both the 

cloth examination and the 2026 SEM study are limited in their physical scope: Flury-Lemberg 

examined the reverse surface, and Freer-Waters and Jull examined only two small fragments. 

The evidence is convergent but not, in a strict logical sense, exhaustive. 

The analysis also exposes a structural tension internal to the hypothesis. The hypothesis 

requires the repair to be invisible enough to escape detection by laboratory pretreatment, by 

direct physical examination of the cloth under magnification, and by SEM of the actual dated 

fragments. The genuinely demanding requirement is that Flury-Lemberg, and the 2026 Freer-

Waters and Jull SEM analysis, should find no microscopic traces of an intervention that, on the 

Benford-Marino calculation, replaced approximately two-thirds of the material in the sampled 

strip. Neither examination found any such traces.8,7 

A further structural problem is that the repair hypothesis was proposed after the 1988 result 

was known. The pre-1988 warnings by Tyrer, Meacham, Maloney, and McCrone are genuine 

pre-hoc observations that carry real evidential weight. The repair hypothesis as a causal 

explanation for the 1260–1390 CE date, however, was assembled after 1988 to account for a 

surprising result. Marino's invisible reweave proposal dates to 2000;8 Rogers' chemical 



Grasso | Radiocarbon Dating of the Turin Shroud 

npj Heritage Science · April 2026 12 

programme, while rigorous in execution, was explicitly motivated by the desire to explain the 

dating discrepancy.2 A hypothesis constructed to fit a known result carries less confirmatory 

weight than a prediction made before the data were available. 

Moreover, the 2026 Freer-Waters and Jull study directly contradicts Rogers' key positive 

findings — cotton, dye, gum Arabic — in the actual dated material.7 The chemical 

distinctiveness that forms the positive backbone of the repair case is not present in the 

fragments that were actually dated. This does not refute the chemical anomalies Rogers found 

in adjacent Raes threads, but it means those anomalies are not present in the material whose 

date we are trying to explain. 

─────────────────────────────────────────────────────
──────────────────────── 

12. Conclusion: What the Evidence Establishes and What Remains Open 

The positive evidence for the repair hypothesis is substantial and reproducible in its core 

elements. The following findings are adequately established: 

(1) The C-14 corner is chemically distinct from the main cloth in multiple independent 

dimensions, confirmed by multiple researchers.2,3 

(2) The C-14 corner is physically distinct in cloth thickness and weft thread weight.9 

(3) The pre-1988 sampling was procedurally inadequate.10 

(4) Historical records support repair activity on the Shroud's edges.21 

The following findings are uncertain or directly contradicted by the 2026 examination: 

(5) The cotton, gum, and dye anomalies described by Rogers are not present in the actual dated 

fragments (A1A and A1B) examined by Freer-Waters and Jull (2026).7 Rogers' chemical 

programme is not refuted for the adjacent Raes threads he examined, but those threads are not 

the material whose radiocarbon date we are explaining. 

(6) The proportion of repair material in the C-14 sample remains unresolved. 

(7) The sample swap theory: insufficiently evidenced. 

The following finding is the most decisive constraint: 

(8) The strong form of the repair hypothesis is strongly disfavoured on three independent 

grounds. First, the 3/1 herringbone twill in pure linen required for a genuinely invisible repair 

is exceedingly rare in the medieval European textile record, with only a single documented 

14th-century linen comparandum currently known. Second, any physical repair of a woven 

textile leaves microscopic traces detectable under magnification; Flury-Lemberg's hands-on 

inspection during the 2002 restoration found none.6 Third, direct SEM examination of the 

archived 1988 Arizona fragments (A1A and A1B) by Freer-Waters and Jull (2026) found no 

signs of repair, no cotton fibres, and no contamination.7 Together these constitute not a gap in 

the hypothesis but a strong convergent challenge to its strong form. The caveat that must 
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accompany this assessment is that the 2026 findings apply strictly to fragments A1A and A1B 

and do not exhaustively sample the Raes region. The possibility of localised heterogeneity — 

that repair material may be concentrated in portions of the corner not represented by these two 

fragments — cannot be excluded on current evidence. This is not a reason to favour the repair 

hypothesis, but it is a reason to avoid stating categorically that it is impossible. 

The neutron irradiation hypothesis (Rucker, VCRB) remains untested and speculative, but 

cannot be dismissed: it is the only account quantitatively consistent with all four numerical 

features of the 1988 dataset, including the 36-year-per-centimetre spatial gradient and the 

Sudarium of Oviedo's independent date.19 Its principal prediction — the presence of Cl-36 and 

Ca-41 isotopes in the cloth from neutron activation — is testable with existing technology and 

has not been tested. 

The current state of evidence is summarised in the table below. New sampling — not 

further reanalysis of existing material — is the only path to resolution. 

 

Hypothesis / Finding Status on Current Evidence 

Medieval radiocarbon date Stands as the only direct measurement; dated material structurally 

indistinguishable from main cloth (Freer-Waters & Jull, 2026) 

Chemical anomalies (Rogers) Confirm corner region is unusual, but absent from the actual 

dated fragments A1A/A1B 

Strong repair hypothesis Strongly disfavoured on current direct evidence: weave-match 

unavailability, zero microscopic traces, and negative SEM of 

dated fragments; localised heterogeneity cannot be fully excluded 

Neutron irradiation hypothesis Untested but not dismissible; only account consistent with all 

four numerical features of the 1988 dataset; falsifiable by Cl-

36/Ca-41 measurement 

Cloth textile and image properties Warrant further investigation; anomalous for proposed medieval 

date range 

 

─────────────────────────────────────────────────────
──────────────────────── 

13. A Call for New Sampling 

Given that the 2026 Freer-Waters and Jull study examined only two small fragments from the 

Arizona archive, and that the original sample is mostly consumed, the only way to definitively 

address the cloth's age is to obtain new samples from uncontested areas of the main cloth. Such 

sampling should: 

• Take samples from at least three clearly separated sites on the main cloth body, avoiding 

all edges, selvages, and repaired areas. 

• Include pre-screening of candidate sample areas by textile specialists and chemical pre-

analysis for cotton content, vanillin, and surface coatings before any radiocarbon 

material is consumed. 
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• Include isotopic screening of the cloth for Cl-36 and Ca-41, which are predicted by the 

neutron irradiation hypothesis and would constitute a decisive test of that alternative: if 

these isotopes are not found above natural background, the neutron hypothesis is 

falsified. 

• Be conducted under a pre-registered protocol with independent oversight, published 

data release, and explicit criteria for what results would confirm or disconfirm each 

hypothesis. 

Until such sampling is conducted, the question of the cloth's true age cannot be answered 

definitively. All current hypotheses — medieval, first-century with chemical anomaly, and 

first-century with neutron enrichment — remain technically consistent with some subset of the 

evidence. New sampling, properly designed and conducted, is the only path to resolution. 

─────────────────────────────────────────────────────
──────────────────────── 

Appendix A. The Interrupted Water Stain Argument 

Benford and Marino noted that a water stain visible in Shroud photographs should, by its 

trajectory, intersect the lower reserve sample not sent to the dating laboratories, yet 

photographs of that reserve sample show no water stain. Mark Antonacci has contested this 

directly, arguing that photographs taken in 2002 show the water stain does intersect the C-14 

area. This is an unresolved photographic interpretation dispute. It is separated into this 

appendix because it contributes little incremental probative value beyond the chemical and 

physical anomalies discussed in the main text, and its contested status distracts from the 

stronger evidence. It should be given low evidentiary weight until resolved by controlled 

photographic analysis at known geometries. 

─────────────────────────────────────────────────────
──────────────────────── 
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