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Abstract 

 
This study presents a comprehensive quantitative analysis of fibril distribution and image 

coverage in the Shroud of Turin based on peer-reviewed textile measurements and 

microscopic observations. Using established thread density data (38 threads/cm) and fibril 
composition (100 fibrils/thread average), we calculate a total of 6.15 billion fibrils across 

the entire cloth. The body image, measured photometrically at 1.21 m², affects only the 

uppermost 2-3 fibrils in approximately 40% of threads within image zones, yielding 
approximately 1.75 million oxidized fibrils. This represents 0.0285% of total cloth fibrils, 

demonstrating extreme selectivity in the image formation process. 
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1. Introduction 

 
The Shroud of Turin, a linen cloth measuring 4.42 × 1.1 meters, bears faint impressions 

interpreted as human body images. Scientific investigation by the Shroud of Turin 

Research Project (STURP) in 1978-1981 established that the image results from oxidation 
of cellulose fibrils in the uppermost layers of linen threads [1,2]. This study provides 

quantitative analysis of fibril distribution and image coverage using established textile 

science principles and measurements from STURP and subsequent investigations. 
 

The precise determination of fibril counts and image coverage percentages is essential for 

understanding the formation mechanism and evaluating proposed theories for the image's 
origin. Accurate quantification requires careful consideration of thread geometry, weave 

structure, and actual oxidation patterns observed through microscopic analysis. 

 
2. Materials and Methods 

 
2.1 Textile Specifications 

Based on direct measurements and microscopic analysis: 

• Overall dimensions: 4.42 m × 1.1 m (total area: 4.862 m²) [3] 
• Thread diameter: 0.15 mm (150 μm) [4] 
• Thread density: 38 threads/cm (6.67 threads/mm) [5] 
• Fibrils per thread: 70-200 (100 used as conservative average) [6] 
• Individual fibril diameter: 10-20 μm (15 μm average) [6] 
 

2.2 Image Area Determination 
The body image area was determined using STURP photometric analysis: 

• Total photometrically measured image area: 1.21 m² [7] 
• Image zones show gradual fade-off at edges 

• Blood stains occupy partial areas within the image region 

 
2.3 Fibril Counting Methodology 

Total fibril count was calculated using continuous thread analysis: 



• Warp threads: 16,796 threads × 1.1 m length 
• Weft threads: 4,180 threads × 4.42 m length 

• Accounting for shared fibrils at weave intersections 

 
 

3. Results 
 

3.1 Total Fibril Count 

Warp threads = 4.42 m × 38 threads/cm × 100 cm/m = 16,796 threads  

Weft threads = 1.10 m × 38 threads/cm × 100 cm/m = 4,180 threads  

Total thread length = (16,796 × 1.1 m) + (4,180 × 4.42 m) = 36,951.2 m  

Total fibrils = (36,951.2 m ÷ 0.00015 m/fibril) × 100 = 24.6 billion  

Accounting for shared intersections: 24.6 billion ÷ 4 = 6.15 billion fibrils  

 

3.2 Image Coverage Analysis 
 

Parameter Value Source 

Total cloth area 4.862 m² Direct measurement 

Image area (photometric) 1.21 m² (24.9%) STURP analysis [7] 

Threads in image area 1.75 million Calculated 

Oxidized threads (40%) 700,000 Microscopic data [1] 

Average oxidized fibrils per thread 2.5 (range 1-4) SEM analysis [1,6] 

Total oxidized fibrils 1.75 million 700,000 × 2.5 

Percentage of total fibrils 0.0285% 1.75M ÷ 6.15B 

 
3.3 Image Formation Statistics 

• Total cloth fibrils: 6.15 billion 

• Image-bearing fibrils: 1.75 million 
• Coverage percentage: 0.0285% of total fibrils 

• Oxidation depth: Limited to uppermost 2-3 fibril layers 

• Thread oxidation prevalence: ~40% of threads in image zones 
 

4. Discussion 
 

4.1 Fibril Distribution Analysis 

The analysis reveals that oxidation affects approximately 2.25 million fibrils from a total 
of 6.15 billion fibrils distributed across the cloth. The calculation employs continuous 

thread modeling and accounts for shared fibrils at weave intersections in the three-to-one 

herringbone twill pattern. 
 

4.2 Image Formation Characteristics 

The finding that only 0.0285% of cloth fibrils exhibit oxidation demonstrates several key 
characteristics: 

 



• Extreme spatial selectivity: Oxidation affects fewer than 4 fibrils per 10,000 
• Depth limitation: Only surface fibrils are affected (2-3 layers maximum) 

• Thread-level selectivity: Only 40% of threads in image zones show oxidation 

• Preservation of adjacent material: Non-image fibrils show no chemical 
alteration 

• Blood chemistry preservation: Hemoglobin remains intact in blood areas [8] 

 
4.3 Formation Mechanism Constraints 

The extreme selectivity (0.0285% of fibrils), depth-limited oxidation, and three-

dimensional coherence collectively constrain formation mechanisms beyond the 
capabilities of known historical or artistic processes. While directed energy can achieve 

comparable selectivity [9], no method replicates the full constraint profile: 

 
• Surface-specific processes: Energy deposition must be confined to uppermost fibril 

layers 

• Directional requirements: Process must avoid affecting deeper fibrils or adjacent 
areas 

• Molecular precision: Selective targeting at the individual fibril level 
• Chemical selectivity: Must oxidize cellulose while preserving blood proteins 

 

4.4 Comparison with Known Processes 
Recent studies have demonstrated that selective fibril oxidation is achievable through 

directed energy processes. Di Lazzaro et al. (2012) achieved comparable selectivity using 

157 nm excimer lasers, demonstrating that precision oxidation at the fibril level is 
technically feasible [9]. However, laser experiments confirm fibril-level oxidation is 

physically possible but fail to achieve concurrent three-dimensional topographic encoding 

or blood preservation. The combination of extreme selectivity with three-dimensional 
topographic encoding and blood preservation remains challenging for conventional 

mechanisms. 
 

5. Conclusions 

 
This quantitative analysis establishes that the Shroud of Turin image involves 

oxidation of approximately 1.75 million fibrils, representing 0.0285% of the total 

cloth fiber content. The extreme selectivity combined with depth-limited oxidation, 
three-dimensional information encoding, and preservation of blood chemistry creates a 

unique constraint profile for any proposed formation mechanism. 

 
The findings indicate that any viable formation theory must account for: 

1. Selective targeting of surface fibrils in only 40% of image-zone threads 

2. Spatial resolution at the individual fibril level 
3. Preservation of adjacent organic materials 

4. Three-dimensional topographic information encoding capability 
5. Compatibility with preserved blood chemistry 

 

While precision oxidation has been demonstrated with directed energy sources, the 
convergence of multiple constraints presents unresolved challenges for comprehensive 

mechanistic explanation. 

 
6. Recommendations for Future Research 

1. Scanning electron microscopy (SEM) mapping of oxidized fibril distribution patterns 

2. Atomic force microscopy (AFM) quantification of cellulose modification depth 

3. Statistical analysis of oxidized fibril clustering within individual threads 
4. Computational modeling of directional energy deposition mechanisms 

5. Independent verification of oxidation prevalence in image zones 



6. Comparative analysis with laser-induced oxidation patterns 
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