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We have studied optical properties (in optic and petrographic microscopy) of mineral particles 
(diameter > 1 µm) deposited on the surface of a small (≈ 1.4 mm height, 610 µm wide) sticky tape 
triangle corresponding to the Face area of the Turin Shroud (TS). All these particles were studied by 
scanning electronic microscopy (SEM) and their elemental compositions were analysed by X-ray 
microfluorescence (XRMF). These mineral particles were classified among nine main categories: 
particles of the limestone fraction, alumine, particles of the silica fraction, clay minerals (including 
kaolinite, montmorillonite and illites), chlorites, talcum and evaporites. The most important fraction (one 
for two) of the mineral particles found is clay minerals. Some of them (montmorillonite/illites mixtures) 
are highly characteristic: they are constituted of potassium-rich clays, with a high calcium content and 
they contain iron and titanium inclusions. Most of the silica particles found are shaped in an eolian 
fashion. The presence of gypse and ferric oxide indicates a soil nature corresponding to desertic or 
semi-desertic climates. Some minerals, rounded in shape, can mimic-by aspect and color-true red 
blood cells. 
 
Key words: Face area, elemental composition, mineral particles, optical and petrographic microscopy, red 
blood cells (RBC), scanning electron microscopy (SEM), Turin Shroud (TS), X-ray microfluorescence (XRMF). 

 
 
INTRODUCTION 
 
The Turin Shroud (TS) (Marion and Lucotte, 2006) is an 
object in which a body image, not yet explained by 
modern science, is imprinted (Fanti, 2005; Fanti et al., 
2010). For this reason, many studies are still open in 
order to understand its characteristics better. Some of 
them are devoted to the study of the microscopic aspect 
of the TS linen fibers, in order to improve the under-
standing of how the colored TS image could have been 
formed without the presence of pigments. 

In 1978 and in 1988 Giovanni Riggi di Numana aspired 
some specks of dust (Riggi di Numana, 1988) from the 
back of the TS, and sampled them on various filters. 
Different analyses (Fanti, 2004, 2006; Fanti and 
Ricosimento, 2008) have been done on these dusts at 
micrometric level, and other analyses using scanning 
electronic microscopy (SEM) and other instruments 
(made by Giovanni Riggi di Numana, not published) have 
also been performed. Fanti and Basso (2008) have 
studied in detail, by petrographic microscopy, the 
composition of the dust coming from five different areas 

of the back of the TS (Hands, Face, Feet, Buttocks and 
14

C area), and including: TS fibers, Holland Cloth fibers, 
red, blue and other fibers, TS fibers coming from the fire 
zone, cotton fibers, red brown particles (blood-like), red 
particles, yellow-red particles, opaque particles, and 
others. 

The present work aims at studying (by petrographic 
and SEM microscopy and by X-Ray analysis) and cate-
gorizing minerals, often red-brown colored, located at the 
surface of a small sticky tape triangle containing fibers 
and dusts corresponding to the area of the Face. As 
some of these minerals mimic – more or less perfectly - 
red blood cells, their study has retained peculiar attention 
 
  
MATERIALS AND METHODS 
 

The material (Figure 1) is a small (1.36 mm height, 614 µm wide) 
sticky tape triangle at the surface of which portions of fibers, spores, 
pollen grains and some plaques of organic matter (as analysed by 
X-ray   microfluorescence   (XRMF))  were  deposited.  Most  of  the  
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Figure 1. SEM Photography (x100) of the triangle. Some portions 
of fibers and numerous particles of different sizes are visible on the 
surface of the triangle. 
 
 
 

deposited “dusts” particles that had diameters greater than 1 
micrometer (µm) are minerals. As declared by Riggi di Numana 
(1998), this sticky tape triangle is one part of a larger piece that he 
applied directly (during the 1978 sampling) to the TS surface, on 
one “blood area” of the Face. 

More than 1,500 particles can be observed at the surface of the 
sample. For practical reasons, the surface of the sample was 
subdivided into 12 sub-samples (regions A, B, D, E, F, G, H, I, J, K, 
L and R) containing most of the particles observed; a total number 
of more than 1,400 particles in these sub-sample areas were 
observed, studied and analysed. Only particles greater than 5 µm in 
the other areas were analysed (regions C, M, N, O, P and Q). The 
position of each particle sticking to the triangle surface was located 
in a double system of coordinates (in 186 adjacent squares of 50 × 
50 = 2,500 µm² of the total surface). 

Each particle was observed in visible light and photographed 
using a high resolution microscope (photomicroscope Zeiss, model 
III, 1972). Each fiber and mineral or organic particles were also 
studied in cross-polarised light with this microscope (in the 
petrographic version). The sample was observed by SEM, without 
any preparation. The observations were conducted using a Philips 
XL30 instrument  (environmental  version).  The  sample  was   also  

 
 
 
 
observed by SEM-energy dispersive spectroscopy (EDAX), to 
visualise heavy elements. Elemental analysis of particles were 
realised by X-ray microfluorescence (XRMF), the SEM microscope 
being equipped with a Bruker AXS energy dispersive X-ray (EDX); 
the system of analysis is PGT (Spirit Model, of Princeton Gamma 
Technology).  
 
 

RESULTS 
 
Visible particles at the surface of the sample were studied 
and analysed in the same way as those previously found 
in TS dusts (Lucotte, 2010). The results reported here 
concern the first 500 particles observed on the sample. 
Most of them (82%) are minerals (versus 14% of organic 
particles and 2% of metallic particles). Mineral particles 
were studied by classical petrographic methods 
(Demange, 2009) and their elementary compositions 
were analysed by XRMF. 
 
 
Minerals on the sample 
 
We found fifteen different sorts of minerals on the sample 
(Table 1). Several rombohedric crystals of calcite (Lebrun 
et al., 1998) were found, but only 3 orthorhombic crystals 
of aragonite. Most of the limestone fraction, observed is 
in the form of calcium carbonate (CaCO3). Carbonates 
double of calcium and of magnesium constitute sensu 
stricto; the limestone fraction about 50 of such minerals 
were observed and analysed on the sample. The sample 
contains also several particles of calcium carbonate, 
belonging to an industrial type (of washing powder); 
several tartar particles were observed. 

Some alumine silicate (Al2 Si05) particles were 
observed and analysed; 3 of them are constituted of a 
pure alumine type. About 30 silica (SiO2) particles were 
observed and analysed. Most of them are elongated in 
shape, with sharp contours; their microstructures show 
numerous splits, grooves and fractures on the surface. All 
that is indicative of an eolian type of sand. 

Minerals of clays (kaolinite, montmorillonite and illites) 
(Meunier, 2002) constitute the most abundant part (one 
mineral out of two) of the silica fraction found on the 
sample. They occur alone, or (most often) together, in the 
clay. As they are individually difficult to recognise, we 
have adopted the following manner of recognition (using 
XRMF) of the three sorts of minerals occurring in clays: 
silicium (Si), aluminium (Al) and magnesium (Mg) are 
only present in kaolinite; calcium (Ca), as a constitutive 
element, is found in montmorillonite (a peculiar form of 
smectite) only; potassium (K) is found in illites only. 

Chlorites are often considered as some peculiar forms 
of clays. In the chlorite structure, iron (Fe) can substitute 
for aluminium, giving a red coloration to the mineral. At 
least 9 examples of red particles of chlorites were 
observed on the sample.  

Silicium is also the main component of glasses. Several 
micro-pieces of glass were observed and analysed on the 
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Table 1. Types of minerals found on the sample. 
 

Mineral Formula Crystallization 

Limestone fraction   

 Calcite CaCO3 Rombohedric 

 Aragonite CaCO3 Orthorhombic 

 Calcium carbonate  CaCO3  

 Carbonate double (c.d.) CaMg(CO3)2  Rombohedric 

              Alumine Al2 SiO5  

    

Silica fraction   

 Silica SiO2  

 Quartz  SiO2 Hemihedric 

   

Clay minerals   

 Kaolinite Al2O3.2SiO2.2H2O  

 Montmorillonite (Mg,Ca) O. Al2O3.5SiO2, nH2O  

              Illites KAl2(OH)2, (AlSi3 (O,OH)10)  

              Chlorites Mg5 (Al,Fe)(OH8)(Al.Si)4 010  

              Talcum (talc) Mg3 Si4 O10 (OH)2  

   

Evaporites   

Gypse CaSO4.2H2O  

Halite (salt) NaCl Cubic 

Natron Na2CO3.10H20  
 
 
 

sample. Some are glass of modern type (pure potassic 
glass); others are calco-sodic glasses, colored with iron 
(Fe) or copper (Cu). 

At least 20 particles of talcum powder (magnesium 
silicate doubly hydroxylated) were found on the sample. 
Their sizes greatly differ, the most important one being an 
elongated particle of 45 µm length on 28 µm wide. Other 
particles (including some red blood cells) agglomerate 
around it. The talc found is of great quality, the most 
important element it contains corresponding to magne-
sium (with little contamination by aluminium). There is no 
doubt that these talc particles were used here for their 
haemostatic properties. Concerning evaporites (Rouchy 
and Blanc-Valleron, 2009) numerous particles of gypse 
(CaSO4.2H2O) were observed on the sample; the largest 
in size h ad the form of triangular mini-“fers de lance”, or 
constituted bipyramidal mackled mini-cristal aggregates. 
Three halite crystals of mineral salt were observed and at 
least one of natron mineral covering a silica particle. 
Together, they indicate a desertic type of soil. 
 
 

Mineral particles that mimic red blood cells 
 
The main goal of our study was to detect red blood cells 
(RBCs) on the sample. RBCs are characterised here as 
follows: 
 
1. Cells with round or oval contours (in the  best  conserv- 

ed forms, a biconcave disk of about 2 µm thickness);  
2. Cells with a diameter comprised between 6 to 9 µm, 
approximately;  
3. Cells red-brown-colored when observed in optic 
microscopy and of the same colour when observed in 
polarised light;  
4. Adequate chemical composition, when studied by 
XRMF: elevated carbon (C) and oxygen (O) values 
(corresponding to proteins of the membrane), and low 
levels of chlorine (Cl), potassium, sodium (Na) and 
magnesium (corresponding to intracellular electrolytes);  
5. Presence of iron (the iron of haemoglobin), when the 
structure of the cell is altered.  
 

Due to their potential long-term conservations, RBCs 
always contain some inclusions of calcite and silica. Up 
to now, we have found 29 authentic RBCs on the sample 
(Lucotte, in preparation). Some mineral particles, even 
without iron in their structure, can mimic RBCs. Such an 
example of that is given in Figure 2, which concerns area 
I of the triangle; five particles (numbered 1, 2, 3 and 4) 
are vertically aligned in the right part of the surface area. 
Particle 1 is a montmonrillonite particle (as determined by 
SEM, by optic and petrographic microscopy and by 
XRMF analysis). Particles 2, 3 and 4 are similar to 1 as 
for size, aspect and colour in optic microscopy; but their 
colours change (becoming brighter) in polarised light (the 
intensity of brightness depending on the polarisation 
angle). Elementary composition study of particles 2 and 3  
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Figure 2. Electron microscopy of the I area (x 100). A (SEM), B (SEM-EDAX); the positions 
of particles 1, 2, 3, 4 and 5, in the right part of the I area, are indicated. 

 
 
 

and 4 by XRMF analysis shows that they are in fact 
mineral particles of calcium carbonate; particle 4 is a 
silica particle, and particle 5 is a mineral particle of 
alumine silicate.  

Several limestone particles found on the sample have 
iron in their structures. Figure 3 gives an example of the 
XRMF analysis of a rounded particle (red in optic micro-
scopy) that corresponds to a carbonate double of calcium 
and magnesium; some traces of iron are detectable. It is 
actually the iron element, or more exactly iron oxide, that 

confers a red colour to mineral particles. When chlorite 
particles are rounded in shape and have the adequate 
size, they also mimic RBCs; but their studies by polarised 
light and by XRMF establish their mineral natures: in 
polarised light, they present the phenomena of birefrin-
gence. The elemental composition of an example of a 
chlorite particle is presented in Figure 4; among the 
characteristics of chlorites, we can note the approximate 
equality between Fe and Mg peaks, and also an elevated 
value of the O peak. We  have   found  on  the  sample  4  
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Figure 3. Elemental analysis by XRMF of a carbonate double of calcium and magnesium. In this figure the 
horizontal axis is graduated in mE/V, and heights of the peaks are proportional to quantities of elements in the 
sample. Main peaks correspond to values for carbon (C), oxygen (O), magnesium (Mg) and calcium (Ca); there 
are some traces (at 6.2 me/volts) of iron (Fe). 

 
 
 

chlorite particles that mimic true RBCs. 
Some montmorillonite/illites particles can also mimic 

RBCs. Usually these clay minerals have no iron in their 
structures; but the sample studied here is mainly 
constituted of potassium-rich clays with a relatively high 
calcium content, that contains inclusions of iron oxide 
(and of other metals). Table 2 enumerates the numbers 
of clays found in the first 100 clays studied by XRMF: 
31% (the most important form) are montmorillonite/illites 

mixtures with iron inclusions; 19 of the 31 illites particles 
(63%), and 18 of the 22 montmorillonites particles (82%) 
found also have iron inclusions. 

Most of the clay minerals have irregular forms, with 
sharp contours. Those containing iron are red-brown in 
colour when examined by optic microscopy, and these 
colours do not change in polarised light. Five scarlet clay 
minerals observed on the sample are relatively rounded 
in   shape  and  their  sizes  approximate  5  to  10  µm  in  
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Figure 4. Elemental analysis of a chlorite particle. C: carbon, O: oxygen, Al: aluminium, Si: silicium, Mg: magnesium, 
Fe: iron, Cl: chlorine, Ca: calcium, S: sulphur. 

 
 
 

Table 2. Inclusions of metals in the 100 first studied clay minerals found on the sample. Fe = iron, Ti = titanium, Cu = copper, Ba = 
baryum. 
 

Clay 
Metal 

+ Fe + Ti + Cu + (Fe,Ti) + (Fe,Ti,Cu) + (Fe,Ba) + (Fe,Ba,Cu) 

Kaolinite 7        

Montmorillonite 4 18       

Illites 11 19     1 1 

Montmorillonite/illites mixts  31 1 1 5 1   
 
 
 

diameter. One of them (located in area B), joined on a 
portion of a flax fiber, is represented in Figure 5; the 
study of its composition by XRMF shows that it is a 
montmorillonite/illite mixt, with iron and titanium 
inclusions. 

Ferric oxide particles can also mimic RBCs 
 
Several particles of red iron oxide (Fe2O3) were found on 
the sample. Figure 6 shows one of them (located on the 
top A area), rounded  in  shape  and  with  a  diameter  of  
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Figure 5. Above, SEM photography (x500) of a rounded particle (star) joined on a portion (1) of a flax fiber (2 and 3 
are silica particle). Below, XRMF analysis of the rounded particle (Si: silicium, Al: aluminium, O: oxygen, C: carbon, 
Mg: magnesium, K: potassium, Fe: iron, Ti: titanium, Ca: calcium, Na: sodium, Cl: chlorine. 

 
 
 

approximately 10 µm; XRMF analysis establishes that it 
is mainly composed, on a substrate of clay minerals, of 
iron and of oxygen. 
 
 
DISCUSSION 
 
We have studied, by optic and petrographic microscopy 
and by scanning electron microscopy and X-ray micro-

fluorescence analysis, the numerous particles located at 
the surface of a small sticky tape triangle corresponding 
to dusts deposited on the Face area of the Turin Shroud. 

Firstly, we studied mineral particles, which constitute 
the majority (82%) of the particles observed on the train-
gle. These mineral particles were subdivided into seven 
main categories, based on their elemental compositions: 
particles of the limestone fraction, alumine; particles of 
the silica fraction (including  clay  minerals,  chlorites  and  
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Figure 6. Above, SEM photography (x 4,000) of a rounded particle (star). Below, XRMF analysis of this particle; 
the main peak corresponds to oxygen (O); the three peaks of silicium (SI), aluminium (Al) and magnesium (Mg) 
corrsepond to the clay mineral substrate of the particle; three peaks (K1, K2 and L) correspond to iron (Fe) value. 

 
 
 

talcum), evaporites. 
The silica fraction is composed of silica particles, 

shaped in an eolian fashion. The most important part 
(one half) of the mineral particles observed corresponds 
to clay minerals: kaolinite, montmorillonites and illites; 
illites predominate. These global and peculiar propor-
tions, together with the presence of gypse and of ferric 
oxide particles, indicate a soil nature corresponding to 
desertic or semi-desertic climates (Nahon, 1991). 

Some clay minerals, which represent 31% of the total-
found on the triangle, are of special interest: they are 
montmorillonite/illite mixts, constituted of potassium rich 
particles with high calcium content; they contain inclu-
sions of iron and of titanium. These sorts of minerals 
were recently described (D’Errico et al., 2010) they are 
involved in pigments that were used in the natural 

coloring of skhul 3, a fossil found in the Middle Paleolithic 
level of the Es-skhul site (Mount Carmel, Israel). So, 
these clay minerals mixtures constitute a veritable 
“geologic signature” of this geographic region. 

The sample contains glass pieces of modern (potassic) 
and ancient (calco-sodic) types. It also contains calcium 
carbonate particles of an industrial type (of washing 
powder). 

Numerous particles of talcum powder were found on 
the sample, some conserved red blood cells sticking to 
them. The haemostatic properties of talc were known 
since Antiquity (Agricola, 1546).  

Many red-brown rounded particles (limestones, with or 
without iron, chlorites, montmorillonite/illite clays and 
ferric oxide particles) can mimic authentic red blood cells. 
Their differential behaviour  in  optic  versus  petrographic  



 
 
 
 
microscopy, together with the analysis of their elemental 
compositions, permits us to distinguish them from 
conserved true red blood cells. 
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