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A B S T R A C T  

The body image on the Shroud of Turin is constrained by measurable physical, chemical, and forensic 

properties that any proposed image-formation mechanism must satisfy. Earlier enumerations — 

including the author’s previous “25 requirements” list and comparable lists by Rucker, Fanti, and the 

STURP team — are valuable but share a methodological weakness: several listed “requirements” are 
not logically independent. Some describe a single underlying phenomenon in more than one way, 

which inflates the count and makes “meets all 25” sound stronger than it is. This revised edition 
reorganizes the constraints into genuinely independent families, demotes derived properties to sub-

features of their parent, and adds well-attested characteristics the earlier list under-weighted. The 

result is a leaner, more defensible set of roughly a dozen independent constraints — harder to attack, 

and therefore more useful — against which candidate mechanisms are then evaluated. This paper is 

the direct successor to the author’s earlier 25-constraint framework and paper (Grasso 2025), 

consolidating and superseding that flat enumeration while preserving all of its underlying evidence. 

1  Why the Count Needed Correcting 

A constraint set is only as strong as its weakest claim of independence. When a skeptic finds that 

three “requirements” are really one phenomenon described three ways, the credibility of the 
whole list suffers and the impressive-sounding total collapses. Intellectual honesty here is not a 

concession; it is what makes the surviving constraints persuasive. 

Two clusters of redundancy ran through the previous list. The fibril-scale cluster — binary 

fibril coloration, stochastic mottling, and selective targeting of exposed fibrils — states one fact 

three ways: coloration is an all-or-nothing surface phenomenon at the level of individual fibrils. 

The geometry cluster — three-dimensional encoding, orthogonal projection, absence of lateral 

images, and fold-independence — restates a single property: image intensity is a function of cloth-

to-body distance, not of contact, pressure, or weave. 

Collapsing these discards no information; the sub-features remain as testable predictions. It 

simply stops counting one thing as four. The list below therefore presents independent 

constraint families, each with its sub-features, rather than a flat enumeration engineered to 

reach a round number. 

2  The Corrected Constraint Set 

Twelve independent constraint families are proposed. Each is stated as a falsifiable property, 

followed by its sub-features (the derived observations previous lists counted separately) and the 

principal supporting literature. 

Family A · Chemistry of the Coloration 

A1. Pigment-free coloration. The image is a discoloration of the linen itself — carbohydrate 

oxidation/dehydration of the fibre surface — with no paint, pigment, dye, stain, or binder 

detectable above method limits in image areas (Heller & Adler 1981; Schwalbe & Rogers 

1982). 
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A2. Extreme superficiality. Coloration is confined to roughly the outer 0.2–0.6 µm of the fibre 

while the lumen and interior remain uncoloured (STURP; Fanti & Maggiolo 2004). Sub-

feature — “double superficiality”: coloration reported on both outer surfaces of a thread with 
the interior unmodified, a stronger observation needing modern replication. 

A3. No thermal-damage signature. Image areas do not fluoresce as scorches do and show no 

pyrolysis or carbonization; the coloration is not a contact scorch (Pellicori & Miller 1981). 

Independent of A1–A2: a mechanism could be pigment-free and superficial yet still thermal. 

Family B · Geometry of the Image 

B1. Distance-encoded intensity (master geometric constraint). Image darkness 

correlates with cloth-to-body distance, yielding coherent 3-D relief under VP-8/photometric 

analysis (Jackson, Jumper & Ercoline 1984). Sub-features previously counted separately: (i) 

anatomically coherent relief; (ii) near-orthogonal mapping; (iii) no wrap-around side images; 

(iv) intensity tracking spacing rather than creases or weave; (v) gradual edge fall-off without 

stencil-like contours. 

B2. Photographic-negative tonality. Light and dark values are inverted relative to a 

photograph, so a photographic negative yields a coherent positive (Pia 1898; STURP). 

Independent of B1: a mechanism could encode distance yet not invert tone. 

B3. Resolution and absence of directionality. Detail resolves at roughly 4–6 mm at cloth 

scale, with no brushstrokes, directional application, or optical-focusing artifacts (Jackson et 

al. 1984). 

Family C · Fibril-Scale Behaviour 

C1. Discrete (quantized) fibril coloration. At the fibre level coloration is all-or-nothing; 

grayscale arises from the areal density of coloured fibrils, not graded intensity per fibril (Adler 

1999). Sub-features: stochastic/mottled distribution, and targeting of only the topmost 

exposed fibrils — consequences of one threshold phenomenon, not separate requirements. 

Family D · Blood and the Body 

D1. Real, human, trauma-consistent blood. Stains contain genuine blood components — 

heme/porphyrins, albumin, immunoglobulins — consistent with human blood, with markers 

(e.g., elevated bilirubin) consistent with violent death (Heller & Adler 1980, 1981). Sub-

features: UV-visible serum halos; clot-retraction morphology incompatible with paint. 

D2. Blood-before-image stratigraphy. Blood and serum lie directly on the linen with no 

image coloration beneath them; the image did not form where blood already was (Jumper et 

al. 1984). Sub-features: off-image scourge stains; image does not undercut clot margins. 

Independent of D1 — blood could be real yet applied after an image. 

D3. Forensic and burial coherence. Wound pattern and posture fit Roman crucifixion and 

post-mortem rigor (wrist not palm wounds, absent thumbs, scourge morphology, cap-like 

crown of thorns, unbroken legs), and a real corpse rather than a posed subject. Sub-feature: 

no putrefaction staining, indicating early cloth–body separation. 
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Family E · Front/Back Relationship 

E1. Frontal/dorsal density parity. Front and back images show comparable maximum optical 

density despite very different mechanical loading (Jackson et al. 2017). Independent of 

Family B: it concerns the comparability of two separately formed images, not the encoding 

within either. 

Additions Warranted by the Literature 

Characteristics emphasized by Rucker, Fanti, and others were under-weighted in the earlier list 

and deserve explicit inclusion, each being independently constraining: 

F1. Persistence and colour of the blood. The stains have kept a reddish hue far longer than 

ordinary aged blood — a long-standing puzzle any complete account must address. 

Independent of D1–D2. 

F2. No contact-only signature. The image is not a simple contact print: firm-contact regions 

show no saturated transfer and the body’s sides are not laterally smeared — consistent with 

B1 but stated separately because it specifically excludes pure contact/dabbing mechanisms. 

F3. Cloth and provenance markers. Independent of the image mechanism, the 3:1 

herringbone weave, side-strip seam, absence of cotton in the main cloth, and Near-Eastern 

mineral (Jerusalem-type aragonite) and pollen traces constrain origin — part of the total 

evidentiary picture, though not strictly image-formation requirements. 

3  The Honest Count 

Reorganized this way, the previous “25” resolves into roughly twelve independent constraint 

families (A1–A3, B1–B3, C1, D1–D3, E1), each carrying several testable sub-features, plus 

additional independent characteristics (F1–F2) and provenance markers (F3). This is a less 

impressive-sounding number than “25,” but far more defensible, because every item survives the 

challenge: “isn’t that just a restatement of another item?” 

The difficulty for any naturalistic or forgery hypothesis is not reduced by this honesty. A 

mechanism must still simultaneously satisfy pigment-free, superficial, non-thermal chemistry 

(A); distance-encoded, negative geometry (B); quantized fibril behaviour (C); real blood deposited 

before a non-thermal image (D); and front/back parity (E). No reproduction to date satisfies the 

full independent set at once — the genuinely strong claim, and one that does not depend on 

counting to 25. 

4  How the Lists Compare 

The table maps the principal published enumerations onto the consolidated families, showing 

that the major lists agree on substance while differing in how finely they subdivide. 
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Consolidated family Grasso (previous 25) Rucker (image facts) Fanti / STURP 

A · Coloration chemistry R1, R5, R9 Superficial; non-scorch Oxidation/dehydration; ~200 

nm 

B · Image geometry R3, R4, R10, R18, R21, R22, R25 Good resolution; 3-D; no lens VP-8; drape distortions 

C · Fibril behaviour R6, R7, R8 Discoloration of outer fibres Discontinuous fibre coloration 

D · Blood / forensic R12–R17, R24 Blood before image; reddish Human blood; crucifixion 

E · Front/back parity R11 Similar front/back intensity Density parity 

F · Added / provenance (under-weighted) Reddish blood; no contact-

only Weave; aragonite; pollen 

 

5  Candidate Mechanisms Against the Corrected Set 

Restating the constraints honestly clarifies where each candidate stands. The key distinction is 

between demonstrated satisfaction (an image has been produced meeting the property) and 

claimed satisfaction (a mechanism argued capable in principle). 

Chemical-diffusion (Maillard, after Rogers) accounts well for Family A and is compatible with 

D, but has no native account of Family B — diffusing vapours do not produce distance-encoded, 

negative geometry — its decisive gap. 

Energetic-projection models (corona after Fanti; VUV after ENEA/Di Lazzaro; collimated 

radiation after Rucker) are built to deliver Family B and have lab support for A2/A3, but face two 

honest problems: demonstrated bench coloration is tens of micrometres deep versus the Shroud’s 
sub-micrometre layer, and the required source has no established natural origin. They claim B; 

they have partially demonstrated A. 

Adhesion–triboelectric–corona–Maillard (ATCM, Turner) is explicitly falsifiable and 

proposes a physical trigger, but has produced no image; its satisfaction of every family is currently 

claimed, not demonstrated, and its account of Family B — smooth, monotonic encoding from 

chaotic micro-discharges — is its least secured step. 

Deep-UV photochemistry (the author’s prior proposal) has the best experimental anchoring 
for Family A via ENEA, but its body-scale realization requires engineered, raster-scanned DUV 

sources at energies and tolerances unavailable before the late twentieth century — at best an 

account of how the image could be reproduced with modern technology, not how it arose naturally 

or by a pre-modern hand. 

The honest summary: no mechanism has demonstrated simultaneous satisfaction of Families 

A–E on a body scale. Diffusion owns A but not B; energetic models claim B and partly own A; 

ATCM and DUV remain frameworks awaiting their decisive experiments. This is the accurate state 

of play — more credible, and more interesting, than asserting any one model already “meets all 
25.” 
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6  Conclusion 

Reducing the inflated count to roughly a dozen independent families, with sub-features retained 

as predictions, costs nothing in evidential force and gains much in defensibility. The Shroud’s 
genuine difficulty lies in the conjunction of independent properties — pigment-free, superficial, 

non-thermal chemistry; distance-encoded, negative, lens-free geometry; quantized fibril 

coloration; real human blood deposited before a non-thermal image; and front/back density 

parity — a conjunction no reproduction has yet achieved together. Stating that claim honestly, 

without padding the count, is the strongest position a serious account can take. 
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