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Abstract

An instrument has been constructed to measure phosphorescence in marbles and alabasters of stat-
uary uses. The apparatus is successfully tested and we describe the protocols for the measurements 
and we make determinations in a large sample of marbles (39) and alabasters (30) of the Iberian 
Peninsula. In the case of marbles, the phosphorescence is always very similar while in the case of 
alabaster it is much more varied and capable of allowing precise identifications of the origin of the 
material. As an example, the identification of the alabaster origin of the Oratorio de San Jerónimo 
penitente of the Museo Nacional del Prado is carried out.

Keywords: Identification quarry of origin, Measurement of phosphorescence, Alabaster, Marble.

Resumen

Se ha construido un aparato para medir fosforescencia en mármoles y alabastros de usos esta-
tuarios. El aparato se prueba con éxito y describimos los protocolos para las medidas y realizamos 
determinaciones en una amplia muestra de mármoles (39) y alabastros (30) de la península Ibérica. 
En el caso de los mármoles, la fosforescencia es siempre muy parecida, mientras que en el caso de los 
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alabastros es mucho más variada y susceptible de permitir identificaciones precisas de la procedencia 
del material. Como ejemplo se realiza la identificación de la procedencia del alabastro del Oratorio 
de San Jerónimo penitente del Museo Nacional del Prado.

Palabras clave: Identificación, Cantera de procedencia, Medida de fosforescencia, Alabastro, Mármol.

Introduction

Non-invasive techniques have always been of particular interest in the research of the geographic 
origins of stone materials used in works of art. In this field, the fluorescence and phosphorescence 
of a material play an important role. Tests of fluorescence using short and long wavelengths of ultra-
violet (UV) light are significant with regard to stone materials, but they suffer from one drawback: 
the roughness of the surface greatly influences the results, necessitating that the piece be smoothed 
by way of an unacceptably aggressive treatment. This aggression is equivalent to other tests, which 
require the extraction of a sample and which, in many cases, produce the same results or better. 

However, we have proven that phosphorescence does not suffer significant modification from the 
roughness of a surface, and its measurement requires only that the surface be clean and without su-
perficial treatment. Cleaning with distilled water is an acceptable treatment in the majority of cases, 
meaning that phosphorescence can be employed generally.

Antecedents

Fluorescence and phosphorescence are two types of photoluminescence, which is to say that they 
are phenomena whose activation energy is of electromagnetic origin1. First, the substance absorbs en-
ergy in the form of electromagnetic radiation of the UV spectrum, then emitting part of this energy in 
the same form but with a longer wavelength, normally within the visible spectrum. Phosphorescence 
is a similar process, the difference being the time within which the cycle is completed. Fluorescence 
has a duration equal to that of its excitation while phosphorescence releases the absorbed energy more 
slowly and can be observed once the excitation has ceased2.

Luminescence in minerals tends to be associated with three principal causes: luminescence intrin-
sic to the composition of the mineral, luminescence due to impurities in the material, or luminescence 
due to the presence within the mineral of (normally organic) substances3. In applying these types of 
test to minerals, it is discovered that many of them give results that vary depending on the geographic 

1 Stokes, 1852: 463-562.

2 Valeur / Berberan-Santos, 2011: 731-738.

3 Taga / Kono / Yamashita, 2011: 169-174. Eaton-Magaña / Breeding, 2016: 2-17. Gaft / Nagli / Panzer / Waychunas / Porat, 2008: 
158-167. Liu /Shi/Wang, 2014. Fritsch/Megaw/Spano/Chauviré/Rondeau/Gray/Hainschwang/Renfro, 2015: 490-508.
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origin. This variance depends on small quantities of elements introduced to the crystalline network, 
which condition the photoluminescent emission. These trace elements tend to be characterised by the 
conditions and particular geographic setting in which the mineral was formed, thus allowing spatial 
and temporal assignment in one4. Currently, this type of technique is applied in the identification of 
gems, a field in which it has developed considerably. Concerning rocks, the process is more complex, 
because, obviously, the emission spectrum is the sum of the emission spectra of all present minerals5, 
and, in general, the composition/texture of the matrix is notably more complex. Until now, there have 
been practically no published data on this subject, apart from those regarding speleothems6. This pa-
per is the first to tackle the topic directly. 

Methodology for construction of the instrumental equipment

Construction of the measuring device
We needed a source of excitation that would provide a specified intensity for a certain period of 

time, and that would be standard. It was necessary to irradiate the sample with the appropriate wave-
lengths to provoke excitation (variable depending on the sample). The UV lamps that we have availa-
ble to us (one of short wavelength, and one of long) were an acceptable but relatively monochromatic 
source of intensity. Furthermore, their manual switch created difficulties in precisely regulating the 
duration of irradiation. We opted to employ a flash that emits a very wide spectrum of wavelengths 
with high intensity. In this way we resolved three problems at once: whatever wavelength was re-
quired to excite the sample was always to be found in the light source, the intensity was high, and the 
duration of excitation was uniform and standardised.

Next, we proceeded to construct a black box with an integrated video camera and flash, and an 
open window positioned opposite the video camera. We call it the ‘capture system’. A flash of the 
model ‘Metz 30BCT4 Mecablitz’ was used for the excitation, along with a 12MP sports camera of 
model ‘GoPro National Geographic Full HD ActionCam’ for capturing images, which it did at max-
imum resolution. This camera’s characteristics permitted the video recording of the sequences of ex-
citation and phosphorescence, in format AVI 1920x1080, at 30FPS. It was calibrated with a series of 
12 coloured patterns to confirm the correct measurement of the coordinates L*a*b*, and it was found 
that the average deviation at L* was 15% for the illuminant D65-2º (Figure 1).

4 Sinh / Osanai / Lenz / Nakano / Adachi / Belousova / Kitano, 2019: 1-18.

5 Bruce / Kopylova / Longo / Ryder / Dobrzhinetskaya, 2011: 14-22. Pandit / Kumar / Mohapatra / Bangotra / Mehra / Singh, 2019: 
212-221.

6 Shopov, 2004: 25-33.
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Registration and processing protocols
1. Start the camera and position the ‘capture system’.
2. Trigger the flash and stop the camera.
3. Download the video and process by the following steps:

a. Separate the video into pictograms *.jpg and select the pictograms that register phosphorescence.
b. Measure the total duration of phosphorescence.
c. In the image with maximum phosphorescence, establish the pattern of phosphorescence with 

regard to these four standards:
 1. Homogenous
 2. Zoned heterogenous
 3. Patchy heterogenous
 4. Reticulated heterogenous
d. Using the program ‘Image J’ measure the coordinates L*a*b*, demarcating a homogenous sec-

tor of 30.000 x 20.000 pixels, calculating the average value and the standard deviation. This is 
then transformed into: hue h= a*

b* and chroma c *= √(a*)2+(b*)2, since the angular value h allows 
the difference of the emission’s wavelength to be measured.

We record whether a second emission of light is produced after the first result. In some cases, this 
has been detected, and to best tackle this ‘doubling’ of the emission in one sample, a flash has to be 

Figure 1. Deviation in the colour recordings made by the camera, compared with standard measurements. Measurements made of  colour patterns 
with the camera GoPro National Geographic. Colour patterns NCS: 1. S 0500-N; 2. S 2500-N; 3. S 9000-N; 4. S 0565-R; 5. S 0530-B50G; 
6. S 0540-B; 7. S 0565-G50Y; 8. S 1565-B; 9. S 1565-G; 10. S 0580-Y50R; 11. S 0580-Y50R; 12. S 0580-Y. Nominal values L*a*b* of  the 
patterns NCS for the illuminant D65, second observer, and measurements made with the GoPro camera. 
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set up with distinct intensities, and several recordings have to be made. We have yet to ready this 
functionality in our prototype.

With the system employed, the images captured from the video correspond to intervals of 0.1 
second. In the majority of cases, the intervals of emission have been very short: between 0.1 and 0.4 
seconds. Consequently, precise measurements of the temporal interval of the emission have not been 
achieved. As such, each sample remains characterised by:

1. Pattern of phosphorescence
2. Colour of phosphorescence (prioritizing the values h and L*)

Reproducibility of the recordings
Numerous measurements were repeated in order to evaluate reproducibility, with positive results. 

The distance of the flash from the sample, the intensity of the emission, and the distance of the camera 
from the sample - all influence the intensity of the emission and its corresponding recording. With 
these parameters fixed, the reproducibility was good, within the precision of the recording instruments.

The camera has caused us problems owing to its shutter speed being very low, and as the produced 
phosphorescence was very brief, we have only been able to obtain a phosphorescence lasting between 
0.1 and 0.2 seconds. Furthermore, this low shutter speed produces ambiguous results in 20% of cases, 
as the last moments of the flash and the beginning of the phosphorescence are captured in the same 
image. This causes an ambiguity as much with regard to the duration of the phosphorescence as to its 
colour. 

An important limitation that we have encountered is the lack of knowledge regarding the colour 
profile of the video camera, which affects recordings of the colour of the sample. Employing calibrat-
ed patterns, with known colour coordinates L*a*b*, we have characterised the deviation produced by 
the colour sensor in the camera with regard to the colour of the patterns. We have confirmed a strong 
dependency between the light source used to illuminate the colour samples and the colour recorded 
by the camera. It has been found that the best correlation between nominal values and averages is ob-
tained with an illumination equivalent to daylight (D65). The fact that the same camera has been used 
in making all experimental measurements eliminates this lack of precision in the obtained values. 
However, the values L*a*b* can not be considered absolutes, nor are they comparable with measure-
ments made using other types of device.

Methodology: petrology and materials

Tablets of rock measuring 4x2,5x1.5 cm were used, and in some cases sheets of 10 x 10 x 1.5 cm, 
the surface being rectified with an abrasive of 60 microns (P240). However, tests were performed 
with unpolished surfaces, and it could be verified that the phosphorescent emission did not vary with 
the roughness of the surface. This immutability of the emission with regard to the geometry of the 
surface is one of the factors that motivated us to develop the phosphorescence technique, and it was 
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also possible to confirm that fluorescence is affected by surface roughness. However, in order to ob-
tain the best reliability, the measurements were standardised as has been described.

Alabaster samples of 13 geographic origins and 30 lithotypes were used, along with marble sam-
ples of 15 geographic origins and 39 lithotypes (table 1). All were collected from their respective 
quarries of origin, according to their documentation.

For now, we do not provide numerical results in table form for each lithotype/quarry, as we want 
to refine the system of measurement and data processing in order that public data can easily be com-
pared between different researchers.

Figure 2. Comparative analysis of  fluorescent-
phosphorescent emission. 
The top two samples are illuminated by two 
UV lamps (one of  254 and the other of  365 
nm). The bottom image is a capture of  the 
phosphorescent response of  these same two 
samples following the shooting of  the flash. 
They are pieces of  the same rock, but the piece 
on the right has been perfectly smoothed with 
an abrasive of  40 microns, while the piece on 
the left only has a central section smoothed. 
The image of  fluorescence of  the piece on 
the left demarcates perfectly the smoothed 
zone from the rough, with distinct colour of  
emission, while the phosphorescent response 
does not display this difference. 

Table 1 - Geographic origins of  the studied materials. 

ALABASTROS MÁRMOLES
Localidad Nº	Litotipos Localidad Nº	Litotipos

Ablitas (Navarra) 3 Viana d'Alentejo (Portugal) 2
Trigaches (Portugal) 1

Autol (La Rioja) 1 Estremoz/Sousa (Portugal) 3

Gelsa (Zaragoza) 2 Alconera (Badajoz) 3
Quinto de Ebro (Zaragoza) 1 Sierra de Carija (Badajoz) 2
Azaila (Teruel) 1 Mijas (Malaga) 4

Almaden de la Plata (Sevilla) 3
Fuentes de Jiloca (Zaragoza) 3

Urda (Toledo) 2
Sarral (Tarragona) 1

N de Astorga (León) 4
Beuda (Gerona) 1

Macael (Almería) 6
Aleas (Guadalajara) 3
Cogolludo (Guadalajara) 2 Portalet-Canfranc (Pirineo-Huesca) 2
Jadraque (Guadalajara) 3

St Beat-Boux Pirineo-(Francia) 4
Picassent (Valencia) 8

Creta-Paros-Naxos (Grecia) 3
Volterra (Italia) 1

Total 30 Total 39

ALABASTER MARBLES
Location Lithotype (number) Location Lithotype (number)
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Phosphorescent response in alabaster

The alabasters studied were all from the Iberian Peninsula and represent 75% of the locations pos-
sessing alabaster deposits within this en-
vironment. In Figure 3, we can see some 
recordings of the emissions, and in Figure 
4 we see the average results with demar-
cation of the areas containing values from 
this geographic origin. There is little over-
lap between quarries, and the colours are 
distinct and discriminate.

Figure 3. Phosphorescence of  alabasters of  the Iberian Peninsula. 
a. Red, reticulated emission with maximum intensity in the areas where the alabaster contains many clay-like particles. Alabaster of  Volterra (Italy). 
b. Relatively homogenous, grey-yellow emission. Alabaster of  Picassent (Valencia).
c. Slightly patchy, green-blue emission. Alabaster of  Gelsa (Zaragoza).
d. Reticulated, brown-yellow emission. Alabaster of  Cogolludo (Guadalajara).
e. Patchy, green-yellow emission. Alabaster of  Aleas (Guadalajara).
f. Banded-reticulated, green-blue phosphorescence. Alabaster of  Azaila (Teruel).
g. Homogenous, light green phosphorescence. Alabaster of  Fuentes de Jalón (Zaragoza).
h.- Banded, blue-green emission in the alabaster of  Ablitas (Navarra)

Figure 4. Areas where the colour values of  
phosphorescent emissions of  alabaster from distinct 

geographic origins are grouped. 
The diagram depicts the values of  the coordinates 

a* and b* of  the CIEL*a*b*. 
The region of  Gelsa (in the middle section of  the Ebro 
Valley) has a double area (the triangle in blue-green and 

the rectangle in orange), presenting itself  as banded 
in these two colours.
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Phosphorescent response in marble

The marbles studied were essentially from the Iberian Peninsula, though three were from the 
Greek islands. In Figure 5 we observe some of the recordings, and in Figure 6 we see the average 
results with demarcation of the areas containing values from this geographic origin. The grouping of 
measurements in a straight line of solid colour, with radial disposition, indicates a single hue (h=42) 
with distinct degrees of variation in value and chroma.  

Situated in the region closest to the axis are those with very low emissions, which obviously pro-
duce dark grey recordings of low luminosity, apart from that in which, as seen in its recording L*a*b* 
- exists an orange tone. In this case, we have all those from Urda, the Greek islands, Trigaches and 
some individual cases from Macael, Pirineo, Viana d’Alento, and Málaga.

Figure 5. Phosphorescence of  marbles from 
the Iberian Peninsula. 
a. Canfranc (Huesca, Aragón).
b. Portalet (Sallent de Gállego, Huesca, 
Aragón).
c. Saint Beat (French Pyrenees).
d. Anasol (Macael, Almería). This is the 
only example whose phosphorescence is not 
yellow-orange; note that there is nonetheless 
a band of  this colour.

Figure 6. Areas where the colour values of  
phosphorescent emissions of  alabaster from distinct 
geographic origins are grouped. 
The diagram depicts the values of  the coordinates 
a* and b* of  the CIEL*a*b* system. 
As can be seen, 90% of  all specimens emit the same 
hue of  yellow-orange, differentiated solely by their 
intensity. Only one (Anasol de Macael) emits blue 
tones, and another three lithotypes emit a yellow-
orange of  differing hue.
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Discussion

As regards the system, it appears necessary to supply a spectroradiometer that permits the meas-
urement of wavelength in a more precise fashion, avoiding the deviations in colour measurement 
described in the methodology. Furthermore, it would be advisable to maintain a video camera with 
high shutter speed, as much in order to obtain the phosphorescent pattern (homogenous, banded etc) 
as a more precise measurement of the phosphorescent emission duration. It would also be interest-
ing to position a flash whose intensity can be regulated to obtain recordings with varying levels of 
excitation. The objective would be to make recordings of three levels of excitation for each rock, 
comprising for each level:

a. Wavelength of the emission 
b. Intensity of the emission
c. Duration of the emission
d. Phosphorescent pattern
With regard to the rocks, it would be worth discussing the differences found between marble and 

alabaster, since this probably has something to do with the cause of the phosphorescence.
In minerals, the causes of luminescence are7:
1. Luminescence of the additive ions which substitute for the structural ions in the crystalline net-

work.
2. Activation of the luminescence in the additive ions caused by other ions foreign to the original 

mineral structure.
3. Luminescence due to crystalline defects: ‘gaps or vacancies’ of the ions principal to the crystal-

line network.
These three types are grouped under ‘intrinsic luminescence’ and the emitted spectrum consists of 

a wide band: the form of the spectrum does not change with the excitation wavelength.
4. Luminescence of molecules, ions or radicals absorbed within the network.
5. Luminescence due to the inclusion of other minerals.
These two types correspond to the ‘luminescence of impurities’ which are frequently RE or ions 

of heavy metals. The emission spectra of the RE3+ centres (except for Ce3+) consist of characteristic 
narrow bands and bands of emission owing to some RE ions, for example, Ce3 +, Eu2 + and Yb2 +; 
heavy metal ions, for example Mn2 +, Fe3 + y Pb2 +, which approximate gaussian curves when the 
emission spectra are drawn against a scale of photon energy.

6. Luminescence of liquids or inclusion of gases. Organic liquids and gases are typically responsi-
ble for this luminescence.

There are very good recordings of fluorescence and phosphorescence in the more important min-
erals, but this information is much more scarce in the case of rocks. One exception is the case of 
speleothem: a proliferation of study has occurred with the hope of finding correlation criteria in 

7 Shopov, 2004. Taga / Kono / Yamashita, 2011.
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plates. In this case8, some instances of luminescence are attributable to included organic substances. 
In calcite, Mn is cited as the principal activator of a phosphorescence that has a colour of yellow-or-
ange-620nm9. It would appear evident that this is the most common activator in hispanic marbles.

At the time of evaluating the technique for identifying the geographic origin of marbles, let us 
assume that, given the strong homogeneity in the colour of emission (620 nm), the only parameter 
relevant to the determination of place of origin would be the intensity of the emission. However, we 
have also established either great variations of intensity in samples from the same place of origin 
(Badajoz, Pirineo, Estremoz) or a great consistency (Urda, whose rockfill has very low or null emis-
sivities). In any case, in light of these data, fluorescence presents itself as a secondary technique in the 
characterisation and spatial assignation of marbles.

Alabaster paints a different picture. In the case of gypsum10, light yellow (635 nm) and light blue 
(254 nm) luminescences are cited as the most frequently occurring. Other reports give a phospho-
rescence of between 435 and 460nm11, or find emissivities that oscillate between 300 and 700 nm12 
in gypsums from different parts of the world. Emissivities from 410 to 600 nm are also attributed to 
gypsum13 and characterise many other emissions corresponding to the organic material of bacterial 
communities associated with gypsum. The most common activators are ‘organic impurities’14 or the 
uranyl ion15, though rare earths are also cited16. We have not encountered any reference relevant to 
rocks constituted of gypsum. 

In the case of our alabasters, whatever the activator, it appears evident that it presents differently 
in type and quantity depending on the region of origin. As much when activated by organic materials 
as by rare earths, it is evident that these components are of local origin and will be characteristic of a 
concrete geographic origin. So, the road ahead is extremely promising, given the precision that can 
be achieved.

Example of the application of the methodology:  
The case of Oratorio de San Jerónimo penitente

This exceptional work, recently incorporated into the Museo del Prado, is one of few preserved 
examples of this type of private devotion (though they were common in the 16th century), as we de-

8  Shopov, 2004.

9 Barmarin, 2009-2010.

10 Barmarin, 2009-2010. 

11 Vochten / Stoops, 2004: 79-83).  

12 Taga / Kono / Yamashita, 2011: 169-174.

13 Emmermann, 2010.

14 Taga / Kono / Yamashita, 2011: 169-174. Rhind / Ronholm / Berg / Mann / Applin / Stromberg / Sharma / Whyte / Cloutis, 2014: 
1-12.

15 Barmarin, 2009-2010. 

16 Emmermann, 2010. 

file:///C:\Users\elena\Documents\Documents\Correcci�n%20ling��stica\Ars$Renovatio_El%20lujo%20en%20las%20Artes\Prioridad\G.%20Barmarin
file:///Volumes/FEINES1/Feines1/CEAR/Ars%26Renovatio-7-2019/gisbert-y-otros-identifiacion-origen/Gisbert%20y%20otros/G.%20Barmarin
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duce from the written documentation. 
Of the reliefs realized in alabaster by 
Damián Forment Cabot (1475-1540) 
for portable oratories, whose superior 
quality can be ascribed to the personal 
involvement of the master himself, few 
specimens remain. The importance as-
signed to these works is evident: they 
were protected in wooden structures, 
left in inheritance or donated to reli-
gious buildings, and are still highly 
valued many years later, even though 
they include the name of the owner. 
The plaque of the oratory of the Mu-
seo del Prado can be dated to 1520, 
and in 1560 was supplemented with 
architecture ‘al romano’ and doors fea-
turing paintings by notable Valencian 
artist Juan de Juanes (1505-1579). The 
exterior depicts Saint Joseph with the 
Child and Saint Lucas, while the inte-
rior depicts Saint Vincent Ferrer and 
Saint Peter the Martyr17. The name of 
the owner –Adrián López del Castil-
lo– had also to feature, and appears be-
neath the piece.

The restoration team at the Museo 
del Prado extracted a microsample 
with which was made a microscopic 
preparation. Phosphorescence was also 
measured in the piece as much as in 
the microsample. The petrography was 
characteristic of the middle section of 
the Ebro Valley (Zaragoza-Gelsa-Sás-
tago-Escatrón-Azaila) though it was 

17 Leticia Ruiz Gómez (Museo Nacional del Prado) and Carmen Morte García (University of Zaragoza) will publish the historical-ar-
tistic study of this penitent San Jeronimo oratory.

Figure 7. Oratorio de san Jerónimo penitente (relief  in polychromatic alabaster, 34.2 x 
44.5 cm, Damian Forment, 1520, Museo Nacional del Prado). 

Figure 8. Representation of  recordings made of  the 
phosphorescence from the oratory joined by those of  the middle 
section of  the Ebro Valley. 
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not possible to determine a specific location within this region. The translucence of the material was 
also consistent with this origin. The phosphorescent records can be consulted in Figure 8. They un-
doubtedly overlap with those of the middle section of the Ebro Valley, but what is more, the alabaster 
of the oratory presents a banded yellow orange, characteristic of the region of Gelsa, where we may 
place the origin of the material.

Conclusions

A system has been designed for measuring phosphorescence in statuary rock, with the objective 
of recording values from pieces of high artistic value, without causing any alteration. In using the 
prototype, criteria have been obtained for its improvement and the execution of a design which could 
be considered optimised and definitive. The measurements made from 39 lithotypes from the Iberian 
Peninsula indicate a very consistent pattern of emission close to 620 nm (orange) with significant 
variations in intensity. This same grouping of results from very geographically remote quarries in-
dicates that phosphorescence is a secondary parameter of low value when it comes to establishing 
the geographic origin of marbles. The measurements made from 30 lithotypes of alabaster from the 
Iberian Peninsula produce very varied results in terms of colour (yellows, blues, greens, browns) and 
pattern (homogenous, banded, patchy, and reticulated). These results are characteristic of different 
geographic regions, with little or no overlap in results from different quarries, and are very promis-
ing: they support the establishment of a method for determining the geographic origin of the material 
based on its luminescent emission.

The application of the method in the case of the Oratorio de San Jerónimo penitente has produced 
results consistent with petrographic data, permitting an even greater degree of precision.
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