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Abstract 

Alegoría de la construcción and Alegoría del trabajo were the first mural paintings commissioned to Saturnino Herrán 
(1887–1918), and they occupied a significant place in one of the most important schools in Mexico. The non-invasive 
methodology employed included different documentation phases and in situ multi-technique analyses. Hyperspec-
tral imaging and digital radiography were used for a general characterization of the materials and were comple-
mented with localized analyses by portable microscopy, and XRF and FORS spectroscopies. A complete identification 
of the original and the restoration palettes was achieved. Results from this work allowed us to understand the produc-
tion context, painting technique, and conservation state, thus providing insights for the proper conservation of these 
murals, while also unveiling a new perception of the artist and his historical place among the muralist movement.
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Introduction
Saturnino Herrán Guinchard (Aguascalientes, 1887—
Mexico City 1918) was a prominent Mexican painter 
renowned for his “critical art” [1], an original artistic rep-
resentation of custom and manners of the working class,1 
known for portraying indigenous peoples and depicting 
religious syncretism and cultural mestizaje.2 Notably, his 
paintings constitute a precursor of the Mexican muralism 
movement started in 1922, the major artistic and cultural 

byproduct that emerged immediately after the Mexican 
revolution of 1910 [2–5].

In 1910, before the start of the revolution, Saturnino 
created the portable murals Alegoría de la construcción 
and Alegoría del trabajo (Fig. 1) for the National School 
of Fine Arts and Craftsman (ENAOH),3 which was the 
forerunner of what is now known as the National Poly-
technic Institute (IPN), a public university of science 
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and technology in Mexico. In 2021, these murals were 
selected for the temporary exhibition Greatness of Mex-
ico at the National Museum of Anthropology (MNA-
INAH). As part of the curatorship, the conservation 
project required updating the documentation of these 
works and evaluating their state of preservation. As part 
of this research, it was found that the catalogs from pre-
vious exhibitions were incoherent (different years of pro-
duction and techniques were assigned in all of them), and 
that the restoration records were missing. Hence, the cre-
ation of an archive was imperative.4

The murals were detached by stacco (consisting on 
protecting the pictorial layer on the front, while rough-
ing on the back to keep the fine plaster and adhering it to 
a wooden support) in the course of an intervention pro-
cess in 1976, due to the damages suffered by the building 
during the 1957 earthquake5. At some point afterwards, 
the paintings were misclassified as easel paintings, in 
particular oil on canvas. However, their large size, the 
observation of a wooden panel reinforced by bars used as 

a support on the back, and the research on their cultural 
biography between the production process and their 
restoration5, suggests a different technology, other than 
oil on canvas [6]. This points towards an early develop-
ment of a complex technique by the painter.

Saturnino Herrán had a limited production due to 
his early death. His work has been seldomly studied, 
with only a few approaches focused on his history and a 
noticeable absence of technical studies on his artworks. 
This opens a discussion on the material agency, under-
stood as the innovation process, the use and incorpora-
tion of new materials and the development of techniques, 
[7] as well as the conservation of his limited works, 
constituted by murals, easel paintings, drawings and 
engravings. As he has been considered a precursor of the 
Mexican muralist movement, the answer to these ques-
tions may provide further insights into his influence on 
the development of this movement.

In this work we present the results of a non-invasive, 
in situ study carried out on the two previously mentioned 
artworks, which was developed as an inter-institutional 
collaboration made possible by the support of the cura-
tors and museum designers of the temporary exhibition. 
The methodology applied was based on previous works 
on historic murals, as well as modern and contemporary 
wall paintings from Europe, Asia, US and Latin America 
[8–19]. It encompasses archival research, followed by a 

Fig. 1  Alegoría del trabajo (left) and Alegoría de la construcción (right), Saturnino Herrán, portable mural paintings, 1910, IPN

4  Cano N. Informe del comisariado de las obras portátiles de Saturnino 
Herrán 2021–2022. [Curator report of Saturnino Herrán’s portable murals]. 
Departamento de Difusión Cultural del Instituto Politécnico Nacional 
DDC-IPN. México: UNAM; 2022. p. 7. (Unpublished report).
5  Servín J, Desprendimiento de los murales al óleo del pintor Saturnino 
Herrán [Saturnino Herrán oil murals detachment]. Cuadernos de arqui-
tectura y conservación del patrimonio artístico. 1981; 3: 54–59.



Page 3 of 18Cano et al. Heritage Science          (2024) 12:106 	

material and painting-technique analyses (including a 
first approximation using imaging techniques and point 
analyses with atomic and molecular spectroscopies) and, 
finally, the diagnosis of their conservation state, altera-
tions and restoration works. Each section discusses the 
results from the perspective of heritage sciences [20], 
following a cross-disciplinary and synergistic approach 
focused on the description of physical aspects by using 
non-invasive techniques and encompassing areas such as 
technical art history [21] and conservation [22].

Research aims
Our research was focused on understanding the value, 
context and history of these mural paintings, the materi-
als used in its creation, the artist tradition shared in with 
other modern artists between 19th and early twentieth 
centuries and on identifying later restoration processes. 
In all, this will lead to a reclassification of the paintings 
and a complete conservation diagnosis.

Materials and methodology
Archive research
The documentary analysis of archives was focused on 
a collection of primary sources, most of them unpub-
lished. It involved analyzing and interpreting them as to 
explore meanings, context, temporality and changes of 
the objects [23, 24]. This survey of historic sources [25] 
required the creation of worksheets and interpretation of 
the gathered information [26] by data units or keywords: 
authors, dates, institutions, and visual characteristics of 
historical archives, images, drawings, restoration records, 
and art exhibition catalogs relative to the mural paint-
ings and the former convent of San Lorenzo. The sources 
for this work were from the Historic Archive of the 
High School of Engineering, Mechanics and Electronics 
(AHESIME-IPN), the Historic Archive of National Poly-
technic Institute (AHI-IPN), the documentation record 
of Saturnino Herran’s mural paintings from the Cultural 
Department of this institution (DDC-IPN); the General 
Archive of the Nation (AGN), the conservation record 
from National Center for Registration and Conservation 
of Fine Arts (CENCROPAM-INBAL); and an interview 
with the conservators Javier Servín and Tomás Zurián, 
who worked with the artworks since the 1950s, and were 
in charge of their detachment from the walls in 1976.

Visible Imaging techniques (Vis‑I)
The use of Visible Imaging provides information regard-
ing the technique of the paintings. In this study, they 
were recorded with a camera CANON Rebel i7, EF-S 
18–55  mm, f/3.5–5.6 IS STM. Illumination of the art-
works was done with two 500 W tungsten halogen lamps, 
placed at about 3 m from the paintings surface and in a 

geometry that could help to reduce specular reflectance. 
Details on the recorded images from the front and the 
back of the paintings allowed to infer that their classifica-
tion was incorrect.

X‑ray Imaging
X-rays were generated by a PXM-40BT POSKOM system 
(TOSHIBA D124 X-ray tube) and images were registered 
by means of a VIDISCO Flash X PRO system. Irradiation 
parameters were fixed during the acquisition as follows: 
Distance from the irradiator to the object was 3 m, and 
from the paintings’ surface to the detector was 25  cm; 
nominal voltage was set at 45 kV and the intensity at 50 
mAs. Since the dimensions of the painting are consider-
ably larger than that of the detector, the complete radio-
graphic image was created from the overlap of 66 images, 
divided in 6 rows and 11 columns, by using the Adobe 
Photoshop software (Adobe Inc., USA).

Hyperspectral (HS) Imaging
This analysis was performed with a Surface Optics 710VP 
system, with a 400 nm to 1000 nm acquisition range, and 
4.5 nm spectral resolution. Standard illuminant D65 was 
employed in a 45º geometry, to record diffuse reflec-
tance. Calibration with a Spectral on certified reflectance 
standard (model SRT-99–050 AA-00821–000) was per-
formed to rule out detector efficiency and illuminant 
contributions.

HS cube calibration and pigment mapping algo-
rithms were applied by using Harris Geospatial 
Software ENVI 5.5 routines. Analysis of HS images 
allowed the generation of pseudo color infrared 
images (PC-IR), and after a multivariate analysis 
pseudo color principal components (PC) images. HSI 
generates useful information by assigning different 
bands to corresponding RGB channels, thus produc-
ing images in PC-IR. This method produces in a direct 
way insights about the presence and spatial distribu-
tion of pigments on the studied artworks, as the con-
version of visible to IR hues are known to be linked 
with specific materials [27–29]. Additionally, princi-
pal component analysis (PCA) was performed, pro-
viding a basic pixel classification by considering the 
spectral variance, noticeably enhancing the informa-
tion displayed with respect to that contained in each 
one of the single-band images. PC images reduce sig-
nificantly the dimension of the hypercube, condensing 
valuable information for a better description of mate-
rial, spectral, and painting techniques. Further details 
on the scope and limitations of this analytical tool can 
be found in [28].



Page 4 of 18Cano et al. Heritage Science          (2024) 12:106 

Digital Microscopy
Microscopic imaging of the surface was performed with 
a AF4915ZT Dino Lite microscope. The device has an 
adjustable LED Light Source, a polarizer and a magni-
fication power ranging from 5 × to 100 x. These images 
provided information about the painting technique and 
alterations present on the surface.

Fiber optic reflectance spectroscopy (FORS)
In order to gather molecular information, FORS spec-
tra were recorded by a FieldSpect-4 ASD system, with 
spectra in the visible, near infrared (NIR) and short-
wave infrared (SWIR) wavelengths. Spectral resolution 
is 3 nm for the UV–visible-NIR regions (300—1000 nm), 
and 10  nm for the remaining region of the spectra 
(1000—2500  nm). The analysis area is about 1 cm2 and 
requires for the probe to be in contact with the studied 
object. The system is continuously calibrated by an ASD 
Inc. certified reflectance standard (AS-02035-000CSTM-
SRM-990–362). Additionally, colorimetry information 
was extracted from the acquired FORS spectra [30, 31], 
with results presented in the CIE Lab 1964 10º color 
standard.

X‑ray Fluorescence Spectroscopy (XRF)
Elemental information was acquired with a Tracer-III 
SD (Bruker) handheld spectrometer equipped with a 
rhodium X-ray tube. Acquisition conditions were 40 kV, 
11 μA and 30  s integration time. The acquired spectra 
were processed with the software Spectra Artax v.7.4.6.1 
(Bruker) to measure the X-ray intensities from the spe-
cific elements. The analyzed surface is an ellipse with 
major and minor axes of approximately 9 and 7  mm, 
respectively.

Results
Archive research results: historical context and paintings 
commission
The studied paintings were part of a monumental and 
technical work commissioned for the commemoration 
of the Centennial of Mexican Independence in 1910, a 
turbulent time when defining a Mexican identity was of 
paramount importance. The beginning of the Mexican 
revolution coincides with a search for a new aesthetic 
and educational paradigm in which the National School 
of Fine Arts (ENBA), the National University (today 
known as UNAM) and the ENAOH6 were the main driv-
ing forces.

ENAOH was established in the second half of the nine-
teenth century seeking to improve the quality of artisan 
production through technical and scientific knowledge 
responding to the needs of the country. The school had 
workshops on different crafts, as well as sporting and 
recreational facilities and courses on different languages. 
A complex renovation plan started in 1907, where the 
figure of the craftsman was replaced by the worker, cre-
ated by the State with the aim of enhancing the nation. 
This renovation concluded in 1910 with a reinauguration 
ceremony.

In this context, the diptych was painted in the former 
convent of San Lorenzo, in a large and illuminated assem-
bly hall conceived for academic events and decorated by 
a neoclassical style (see Fig. 2) with the traditional use of 
the formal presentation of an altarpiece, by conditioning 
a colonial architecture space to produce two mural paint-
ings supported by brown benches and the enunciated 
words of construction, work and effort. These in turn 
were framed by plaster, whose cartouches in the center 
present the symbols of work. The relevance of this hall is 
evidenced by the reinauguration ceremony held in 1910 
during the Centennial celebrations of the Mexican Inde-
pendence on September 23rd. Images of the event (Fig. 2) 
show Justo Sierra – the General Supervisor of Public 
Instruction in Mexico, who was responsible for the com-
missioning of the artworks – enthroned under a velvet 
canopy and the national coat of arms in the background.

Documents in the AHESIME-IPN historical archive 
with an official letter dated to May 11th, 1910, mention 
the commission and the production swiftness of these 
masterpieces which were finished on August 12th, 1910:

The Undersecretary of the Office of Public Instruc-
tion and Fine Arts, Ezequiel Chavez, communi-
cated to the director of the National School of Arts 
and Craftsman, Engineer Gonzalo Garita, about 
the commission to Saturnino to paint the murals of 
ENAO’s auditorium [...]
Letter dated August 12th, 1910, the ENAO’s director, 
informed Justo Sierra the conclusion of the oil mural 
paintings in accordance with the approved sketches 
and the speed with which they were completed.7

6  Sánchez M. Escuela Nacional de Artes y Oficios para Hombres: Dis-
curso y vida cotidiana (1867-1915) [ENAOH: narrative and costumbrism 
(1867-1915)]. (Unpublished dissertation]. Tesis de maestría en Ciencias en 
Metodología de la Ciencia. México: IPN; 2003. p. 46, 71, 91-94.

7  Ramírez E. Salón de Actos de esta Escuela.- Oficio de la Secretaría de 
Instrucción Pública en que dispone el Sr. Saturnino Herrán decore los 
panneaux del referido salón [Auditorium of this School.- Office of Pub-
lic Instruction Secretary, allowing Mr. Saturnino Herrán’s panneaux to 
decorate the mentioned hall]. Escuela Nacional de Artes y Oficios para 
Hombres [National School of Fine Arts and Craftsman (ENAOH)]. Méx-
ico: AHESIME-IPN; 1910–1911, Expediente no. 3, C80, 428, 516, 598, 80. 
(Unpublished report).
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The mural technique strategy
Formal composition
This diptych anticipated a developing national aesthetic 
and symbolism narrative of a modern working class, with 
the craftsman, family, and buildings of an emerging city. 
Before their painting, small easel format sketches were 
created and exhibited in the southeast hallway of ENBA’s 
first floor, and dated to February 19, 1910. This tempo-
rary exhibition was promoted by Gerardo Murillo “Dr. 
Atl” (1875–1964) [32], whose project was to manage 
the execution of mural paintings in the amphitheater of 
the National Preparatory School (now the San Ildefonso 
Museum), a plan frustrated by the outbreak of the Revo-
lution, and which would be continued in 1922 by Diego 
Rivera [33].

The murals are much larger than Saturnino Herran´s 
previous paintings. They stand out for the human form 
traced with a large charcoal underdrawing, which can 
be noticed in plain sight and is even more evident in the 
hyperspectral images, and the palette can be described as 
luminous with evening hues, recorded by visible photog-
raphy and microscopy.

The murals also have a symbolic function. At its cen-
tral plane, La Alegoría de la Construcción presents half-
naked bodies of the potters and workers performing 
their activities: a craftsman painting pottery, or carrying 
ashlars, beams and mortar that will cover the façades of 
modern buildings. The intensity of the physical effort, the 
diversity of the exposed skin tones, the idealized mestizo 
race features represented in classical postures [34], as 
well as the westernized clothing of the worker, evident 
in the blue navy overalls, suggest a new model of mas-
culinity away from the hegemonic representation of the 
man [35]. And in them, you can appreciate their role in 
the construction of the city that rises above the horizon 
of the upper left plane, dominated by the scaffolding that 
fades into the violet, bluish and grayish vespertine back-
ground, perhaps as a projection of an uncertain future.

In the painting to its right, Alegoría del trabajo, the 
family is represented in a triangular composition in the 
foreground, the face of a man leaning out in half profile 
meets with his wife and children; and in the background 
between planes, other groups of workers from differ-
ent craftscan be distinguished. Both paintings deal with 
an interiorized and symbolism lecture, the time and 

Fig. 2  a Architectural floor plan of ENAOH, EIME, 1924, AHESIME-IPN. The assembly hall remark in red color, damaged by the 1957 earthquake 
and currently destroyed. b Unknown author, September 23rd, 1910, AHESIME-IPN. Inauguration of ENAOH by Justo Sierra during the Centennial 
of Mexican Independence 1910; c detail of mural paintings at the ceremony of inauguration led by Justo Sierra
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industrial change in the Mexican capital, a transforma-
tion of the urban working classes and their environments, 
a reconfiguration of the classical models by other bodies 
in tension with physical effort.

Insights of materials
First results from the initial approach, which included the 
registration of the visible imaging, hyperspectral imag-
ing, along the microscopic observation and the global 
colorimetry, indicate that each panel is biased towards 
a specific hue. In Alegoría de la construcción the palette 
tends to bluish, while in Alegoría del trabajo the tendency 
leans towards a reddish tone (Fig. 3).

The color palette of the original painting technique 
-and restoration process for both paintings- is abundant 
in blue, red and yellow hues, observed in the priming, as 
well as the skin tones of the characters and other com-
plementary colors for the objects such as orange, pink, 
green or violet. Elemental features determined with XRF 
displayed a constant Ca and S signal all over the murals, 
which along with FORS information (Table 1 and Fig. 4g) 
allowed us to identify the use of gypsum (CaSO4·2H2O) 
presumably for the fine plaster.

Reflectance spectra from the blue regions (Fig. 4a) pre-
sent a maximum between 490—520  nm, an inflection 

point around 720  nm and a characteristic absorption 
band at 600  nm, which along with an associated XRF 
signal of Al and Si which was clearly observed in dark 
blue areas – particularly in the worker’s pants –, indi-
cate the use of ultramarine blue (approximate formula 
Na7Al6Si6O24S3) [36, 37]. Some particular spectra for 
reddish tones (Fig.  4b) exhibit features such as absorp-
tion bands around 520 nm and 570 nm, and an inflection 
point between 600 nm–610 nm, which indicate the use of 
cochineal lake (carminic acid) [38, 39]. These absorptions 
were analyzed by observing the first derivative in the 
log(1/R) spectra, in order to precisely find the position of 
the absorbance maxima.

Yellow areas presented a clear Cd signal on their XRF 
spectra with the corresponding reflectance spectra 
(Figs. 4c, 4d) showing an inflection point around 470 nm 
which could also be related with sigmoid behavior of cad-
mium yellow (CdS) [40, 41], although the spectra also 
show features associated to a mixture with a green pig-
ment. Green hues were associated with viridian green 
(Cr2O3·2H2O) by considering the Cr line present in the 
XRF results, together with the information from the 
reflectance spectra (Fig. 4e), an inflection point at 720 nm 
and a characteristic shoulder [42, 43]. Finally, lead white 
(2PbCO3·Pb(OH)2) has been identified by elemental 

Fig. 3  (Top) Colorimetry analysis of Alegoría de la construcción and Alegoría del trabajo mural paintings and (bottom) corresponding 
representative microscopic images of pigment application at 55x
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analysis and infrared absorption features (Fig. 4f ) present 
in 1208 nm and 1448 nm [44]. The ratio between the M 
and L X-ray emission lines of a given element is a direct 
indication of the attenuation these photons underwent 
from their point of origin to the detector and provides 
a way to test the depth in which the photon originated. 
In consequence, this ratio allows us to infer if this white 
pigment was applied closer to the painting’s surface when 
compared to the restored areas (Fig. 5).

Regarding the medium, the resulting FORS spectra 
from both paints present the use of lipids related with an 
oil and a constant signal of wax from the varnish applied 
in the restoration process (Fig. 4i). In the spectral infor-
mation associated with the original areas, a broaden-
ing of the bands is noticeable in the region from 2300 to 
2355 nm, likely to be linked to the superposition of the 
original oil binder and the upper layer of varnish (whose 
application is described in the restoration documenta-
tion). In contrast, such broadening is not present in spec-
tra from restored regions where we would expect to find 
a different pigment application. There are also significant 

contributions from Co, Fe and Ti in many areas, which 
could be related to the pigments used for its restoration.

PC-IR and PC images resulting from hyperspectral 
imaging analysis (shown in Fig. 6) provided a tool for 
accounting the distribution of the pigments on the art-
works [36]. Ultramarine [37] used in the potter’s over-
alls transforms into a red hue in the PC-IR image [38], 
while viridian green transforms into an intense red. 
Enhancement of carmine red lake for the skin tones is 
also noticed in the form of a bright orange, it is par-
ticularly noticeable the application of this material in 
the hands of the workers and craftsmen. Complemen-
tary, PC images (in particular PC5) indicates zones 
of retouching lacunas that can be correlated with the 
radiographic information, and by combining different 
PC’s into an RGB image it is possible to also correlate 
similar pigment zones between both artworks (Fig. 6) 
and to provide further information on the painting 
technique, such as enhancement of the underdrawings 
(as in the bodies of the characters and in the archi-
tecture), and a distinction of the pigment application 
in different campaigns (see the body and face of the 
craftsman in the AC painting).

Remarks on the application technique
Documentation (see Sect.  "Archive research results: 
historical context and paintings commission"), micros-
copy and spectroscopic results indicate that these 
paintings were murals flattened on a stone wall. The 
existence of this wall and a mortar was evidenced by 
a historic photograph from the detachment process 
(Fig.  7). Microscopic information shows a white plas-
ter under the priming (Fig. 7), which along with spec-
troscopic results (see Table  1)indicating the presence 
of S and Ca over all the paintings and the vibrational 
signals in the NIR corresponding with calcium sulfate 
(see Fig. 5 and Sect. "Insights of materials"), suggest the 
presence of a thin gypsum plaster.

A pink priming layer was identified by optical 
microscopy (Fig.  7, bottom center), with spectro-
scopic data of this pink region showing the presence 
of white lead, cochineal lake and ultramarine in differ-
ent amounts. This layer provides a uniform chromatic 
aspect from the upper and translucent layers in con-
trast with opaque layers with high covering power and 
volume.

Microscopic information allowed to determine that 
the pigments and dyes identified in the previous sec-
tion were mixed in a palette and had a superposition of 
complementary hues to present diverse effects for skin 
tones, clothing of the workers, pottery, the light and the 
backgrounds. Each of these pigments has a symbolic 

Table 1  Materials identified on the allegories by spectroscopies 
FORS and XRF, as well as pigment mixtures observed to produce 
different hues

Color XRF FORS
spectral features

Blue hues Al, Si Ultramarine
490 nm–520 nm
600 nm, 720 nm

Red hues – cochineal lake
522 nm 567 nm

Yellow hues Cd cadmium yellow
470 nm

Green hues Cr viridian green
625 nm 720 nm

White hues Pb, Zn lead white
1208 nm 1448 nm
zinc white
384 nm

Fine mortar Ca, S Gypsum
1449 nm, 1490 nm, 1535 nm
1943 nm, 1978 nm

Binder – 1726 nm 1762 nm
2310 nm 2350 nm

Hues XRF Pigment mixtures
Yellowish hues Cd, Cr, Pb, Zn cadmium yellow, viridian, lead & zinc 

white

Orange hues Cd, Pb cadmium yellow & lead white

Pink hues Pb, Zn cochineal lake, lead & zinc white

Violet hues Pb, Al, Si ultramarine, cochineal lake & lead 
white

Skin tones Cd, Pb, Cr, Al, Si lead white, cochineal lake, ultramarine, 
cadmium yellow & viridian
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Fig. 4  Representative FORS spectra from a bluish; b reddish; c yellowish; d orange; e green; f white zones; general IR g plaster and h binder 
associated features of “Alegoría de la construcción” (AC) and “Alegoría del trabajo” (AT) paintings
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aspect linked to their intentional use for representing 
specific materials and cultural concepts.

It is also a response to the new conditions for the 
interpretation of theory and chromatic values devel-
oped in the nineteenth century [45], with saturated 
and brilliant shades [46]. In mexican paintings from 
Eugenio Landesio (1810–1879), José María Velasco 
(1840–1912) and Hermenegildo Bustos (1832–1907) 
XRF allowed to identify the use of this kind of mate-
rials [24]. Our results indicate a continued tradition in 
the work of Saturnino. In short, Saturnino used differ-
ent pigment mixtures to generate specific skin tones in 
accordance with the character’s age, sex or social status.

Diversity for the skin tones
In these paintings it was noted that the physical repre-
sentation of the mestizo worker reflects a diversity of 
mixed ethnic members in the urban environment. It’s 
noticed that there are three types of skin tones rep-
resented: light, brown and yellow, a most singular 
aspect due to their composition and symbolic dimen-
sion, because of an unusual and novel use in modern 
Mexican mural painting of cochineal lake, [47] a scar-
let-colored tone like the blood, which gives an opaque 
characteristic to these paintings.

From microscopic (Fig. 7, second to last row) and spec-
tral information (Fig. 4b) it is inferred that Herrán used 
different amounts of this red material, together with 
other pigments. For example, the child in Alegoría del 

Fig. 5  (Top) Intensities of S-Kα (red line) and Ca-Kα (blue line) signals of all the data acquisition points in Alegoría de la construcción and Alegoría 
del trabajo mural paintings; (bottom) corresponding ratio of Lα / M lines of Pb calculated for all the analysis data points
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Alegoría de la construcción Alegoría del trabajo
Visible

PC-IR 

PC5

PCA - 
RGB

Fig. 6  Comparison between visible and hyperspectral images of Alegoría del trabajo and Alegoría de la construcción mural paintings. PC-IR image 
is composed as R: 1030 nm, G: 650 nm, B:535 nm. PCA-RGB image is composed as R: PC-5, G:PC-4, B:PC-2
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Trabajo is represented with a clear and pink incarnation, 
in which white was mixed with ultramarine, cadmium 
yellow and a small amount of this reddish hue. In com-
parison, their parents, as well as the workers and crafts-
men in Alegoría de la Construcción, present brownish 
and/or yellowish hues, achieved by an increase in the use 

of cochineal mixed with ultramarine, cadmium yellow 
and lead white. Meanwhile, other workers at the back of 
the composition showed a skin tone where the amount of 
cadmium yellow and zinc white increases (see Table 1).

Hyperspectral images were useful to observe the dis-
tribution of the cochineal lake on the surface. As can be 

Bluish overall. AC Yellowish background. AT Reddish pottery. AT

Greenish pottery. AC Pinkish pottery. AC Violet shades background. AT

Light skin tone child. AT Brownish skin tone father. AT Yellowish skin tone worker. AT

Mortar and wall of bricks. AT Priming background. AT Whitish shirt worker. AC

Bluish overall. AC Yellowish background. AT Reddish pottery. AT

Greenish pottery. AC Pinkish pottery. AC Violet shades background. AT

Light skin tone child. AT Brownish skin tone father. AT Yellowish skin tone worker. AT

Fig. 7  Microscopic photographs showing representative details of the color palette, priming, mortar and wall identified in Alegoría del trabajo (AT) 
and Alegoría de la construcción (AC), all images are microscopic photographs at 55x, except bottom left image, corresponding to Miguel Rivera 
Estrada, Detachment process, ca. 1976, AHCENCROPAM-INBAL
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observed, the final drawing for the half naked bodies of 
these workers and children, ends with a red line com-
posed by carmine lake (Fig. 6).

Skin color is a physical characteristic without neutral 
meaning that influences the perception of social groups 
throughout history of art [48]. For the artist this repre-
sentation of identity suggests an open and wide discus-
sion of an ideological State discourse by the government 
of Porfirio Diaz, which, later on, was thoroughly devel-
oped after the Mexican Revolution8 [49]

The workers clothing
Denim was a highly resistant cotton textile used in the 
manufacture of trousers, overalls and shirts. For these 
industrial fabrics of navy-blue tones, their dyeing with 
indigo, an organic dye, was common, and has its symbol-
ism to a certain social status of the working class [50]. 
The use of indigo as lake-pigment [51] has an extensive 
tradition in Mexican paintings [52, 53]. Nevertheless, 
Saturnino employed ultramarine blue [54] to represent 
the dark blue color of denim garments, contrasting as a 
symbolic material, since in the history of Western paint-
ings its use has been reserved to define royalty or a divine 
being [55]. Additionally, the few material studies on nine-
teenth century Mexican paintings have identified the use 
of enamel, Prussian and cerulean blue [56], and there are 
no published studies on paintings from the early twenti-
eth century, making his use of ultramarine noteworthy. 
Saturnino Herrán preferred the application of this mate-
rial, complemented with the vibrant white cloths of lead 
and zinc white, which contrast with the brownish skin 
tones of cochineal(Fig. 4a).

The pottery color palette
The practice of pottery at the ENAOH can be traced 
back to the beginning of the school at the nineteenth 
century. Herrán represented the craftsmen that pro-
duced and decorated it, the same system of the clay oven 
from which the complementary violet, green, reddish 
and brown hues stand out, and are linked to the palette 
of these same objects. It is worth mentioning that the 
ceramic represented in Saturnino’s artwork corresponds 
with objects produced over the nineteenth and twentieth 
centuries in Tlaquepaque and Tonalá, Jalisco, Michoacán, 
Puebla and Oaxaca [57].

Also, the green pigment associated with this pottery is 
composed of viridian [43] (see Fig. 4e). This is a synthetic 

pigment, used as a pigment in all types of binding media 
[58].

Lastly, the use of cadmium pigments was detected by 
XRF (see Table 1) in the brown layers, while the color lay-
ers associated with the slips are related to those of cad-
mium yellows and chrome green (Figs. 4c and 4e).

Ultramarine and cochineal, a dual light from the background
Saturnino started from luminous pink backgrounds; 
it is apparently a priming whose function was to give a 
homogeneous chromatic hue to the works. From the 
spectroscopic results, this colored background is a fine 
layer mixed with white lead, ultramarine (see Fig.  4a) 
and cochineal lake [59] (see Fig. 4b). This last material of 
pre-Hispanic tradition [60], and with a continuous use 
between the sixteenth and eighteenth centuries in New 
Spain [61], al well as in artworks from Italy, Spain, France, 
the Netherlands, Perú and Chile [62–65], was gradually 
replaced by synthetic formulations, such as aniline-based 
pigments or cadmium reds, in the nineteenth century 
[66, 67]. As mentioned before the use of cochineal is 
novel in Mexican modern mural paintings. However, its 
use has been identified in nineteenth century brushes 
such as Vincent van Gogh (1853–1890), who obtained 
“pale lilacs” by applying it for primings and backgrounds 
[68].

A vespertine light of new materials: zinc and cadmium
Zinc oxide is, since the nineteenth century, another of the 
white pigments most used in paintings [68, 69]. Its use 
has been described as thin layers in which the saturation 
and brightness of the hue will stand out [70, 71]. Its pres-
ence in Saturnino’s murals was inferred by the recorded 
microscopic information and by XRF.

Cadmium yellow, commonly used in twentieth century 
[72–74], was inferred by XRF (see Table  1 and Figs.  4c 
and 4d) in the representation of the light of the sunset. 
With a meticulous observation and study of the exte-
rior, the impression of the lighting on the bodies and the 
horizon was a demonstration of mastery, experience and 
the effort to represent the clear evening with a cadmium 
yellow and other complementary tones such as violet or 
green for the shadows.

A lead dryer
Lead white has a tradition in painting as a mixed 
material that provides hiding power to the paint layer, 
volume or impasto and accelerated drying when using 
a binder such as linseed oil [75]. Studies of Mexican 
painting have shown its use since colonial times in the 
sixteenth century; in the nineteenth century, based on 
the mural paintings of Juan Cordero (1824–1884) for 8  Pérez C. Saturnino Herrán: Entre la tradición y la modernidad [Saturnino 

Herrán: Between tradition and modernism]. (Unpublished dissertation) 
Tesis de maestría en Sociología. México: UNAM; 2010.p.64.
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the Santa Teresa temple in 1857, or the easel paintings 
of Hermenegildo Bustos and José María Velasco, where 
it was commonly used [76]. It was also employed in 
the first half of the twentieth century [77], and its 
incorporation into painting was defined by artists such 
as Saturnino Herrán as a covering material and mixed 
on the palette for tones (Fig. 5). The pigment has been 
identified with XRF by the presence of Pb and with 
FORS (Fig.  4f ) by recognizing its spectral signature 
(see Table 1), its presence can be distinguished on the 
painting surface and in the underlying layers by the 
relative attenuation of the lines L/M. Despite its toxic-
ity, the use of this pigment continued in this century, 
and up to now it has been identified in mural paintings 
by Federico Silva (1922–2022) in 1952 [78].

Condition report
Over time, appreciation and use of these murals in the 
trade school took an unexpected turn due to the 7.7 mag-
nitude earthquake of July 28th of 1957 which caused sev-
eral human and patrimonial losses in Mexico City. The 
center and north of the city were affected, and the former 
convent of San Lorenzo was severely damaged.9

The instability of the adapted installations in the novo-
hispanic monument led to the migration of this unit to 
Zacatenco campus, while the reluctance to demolish the 
former convent led to a long discussion in the Associa-
tion of Engineers and Architects for the Conservation of 
Historic Buildings, damaged by the earthquake of 1957. 
As for the murals, the participation of artists and the 
conservators of the National Center for Art Conserva-
tion from the National Institute of Fine Arts (CNCOA-
INBAL) promoted an emergency project for their 
preservation.

The newly created CNCOA-INBAL (1955) faced a 
complex situation with murals located in historic spaces 
like ENAOH and Public Education Secretary (SEP), 
where Diego Rivera frescos (1923 – 1928) were affected 
by humidity and by the 1957 earthquake. At that time the 
valuation of this modern heritage and the actions for its 
conservation began, followed by the establishment of the 
work criteria for the following decades in that institution, 
who learned from Italian conservators that came to Mex-
ico to provide training on new treatments [79].

While the preservation project was developed by the 
CNCOA-INBAL in the late 1950s, the availability of 
funding and the sum of wills did not take effect until 

the 1970s. The department led by Tomás Zurián, Javier 
Servín, Eliseo Mijangos, among others, defined the con-
servation campaign for the murals [80]. The definitive 
solution to the risk of collapse of the building and the 
preservation of the works, determined the process of 
detachment of the murals by stacco, a treatment which 
occurred in 1976 with complex planning and execution 
processes and stages consisting of the protection of the 
pictorial layer on the front (Fig. 8), the roughing on the 
back to keep the fine plaster and its eventual adhesion 
to a firm wooden support [81]. The list of materials for 
the restoration process in 1977 includes: beeswax and 
dammar resin for the varnish; cedar and pine tree for 

9  Saldívar P. Documentos relacionados con la intervención de la Escuela 
Superior de Ingeniería Mecánica y Eléctrica en suspender la demolición del 
antiguo edificio de ESIME Allende #38 [Documentation related to the inter-
vention of Higher School of Mechanical and Electrical Engineering to sus-
pend the demolition of the historic building ESIME, Allende #38]. México: 
AHIPN; 1973. Exp. 1, Folio 1. (unpublished report).

Fig. 8  (Top) Sketching of the detachment process. Javier Servín, 
Esquema de desprendimiento de pintura mural, ca. 1960, Archivo 
técnico CENCROPAM-INBAL. (Bottom) Detail of the detachment 
process. Miguel Rivera Estrada, Detalle de desprendimiento de 
pintura mural, ca. 1976, Archivo técnico CENCROPAM-INBAL
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the wooden support, for the plaster lacunas, but doesn’t 
enlist the brand and the composition of the pigments 
[81].

In our work the diagnosis of the structure and con-
servation of the panel was determined by a study based 
on imaging techniques. The record of the artworks in a 
digital radiography mosaic presents a contrast of white, 
gray and dark tones, associated with the density or com-
position of the materials that make up these panels, also 
showing the construction of the wooden support rein-
forced by a system of bars joined by metal elements. This 
fixed system allows the work to remain stable, resistant 
and in the same plane; likewise, the union with the frame 
is made by small metallic nails.

Analysis of the radiographies (Fig. 9)showed that these 
works present two linen canvases with medium density, 
joined in the middle with a reinforced seam and in verti-
cal direction. This canvas was intended to ease manipula-
tion during the adhesion of the detached pictorial layers 
to the new support. The radiographic record focused on 
the distribution of the cracks and fissures to define their 
depth and the possibility of a structural risk during their 

manipulation, the assembly, and the planning of a possi-
ble restoration treatment.

It was also noted that in some frontal areas, especially 
in the lower region, these paintings show the imprint of 
the gauze fabric, adhered as a veil conceived to protect 
the painting during its detachment; however, they were 
never painted on canvas.

Likewise, results from the statistical analysis of the 
hyperspectral images by principal components (Fig.  9), 
provide information on the state of preservation, and 
even allows to distinguish the campaigns of volume and 
color restoration, which suggest more than one partici-
pation of criteria and material solutions between the first 
restoration in 1976–77 and the subsequent in the twenty-
first century [82].

A palette from restoration
Tracing the materials used in the Mexican conservation 
treatments is novel and useful for different purposes. The 
stability and permanence of its application are relevant 
for the conservation diagnosis and the possibility of exhi-
bition and retreatment. The X-ray fluorescence results 

Fig. 9  Comparison of (left) visible; (center) radiography and (right) PC3 images of Alegoría del trabajo by Saturnino Herrán

Blue and red in pottery AC Yellow background. AT Green pottery. AT Black background. AT

Fig. 10  Microscopic image details of the color palette for restored areas, from Alegoría de la construcción (AC) and Alegoría del trabajo (AT), at 55x
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(Fig.  10) indicate the use of titanium white and iron 
earths for the retouching process of lacunas (Table 2).

Titanium dioxide white pigments are products of twen-
tieth century industrial development [83]. Because of 
their elevated hiding power, nontoxic nature, they substi-
tuted other traditional white pigments in the second half 
of the twentieth century. Brands as MaimeriⓇ and Win-
sor & NewtonⓇ produced this pigment and is commonly 
used in restoration since 1970, when its formulation was 
changed [84].

In general, iron-based pigments [85] used in the last 
few decades for art and conservation are versatile mate-
rials developed by the industry, replacing the traditional 
extraction and preparation of iron based natural pigments. 
Because of their properties and ease of access they are 
very common for red, yellow, blue and black hues [86] The 
results by XRF and FORS indicate the use of cobalt blue, 
a pigment recently studied in Pablo Picasso’s paintings 
from 1917 [87]. Beside the other iron pigments, it should 
be noted the compatibility, stability and permanence of 
this bluish pigment, when mixed with white pigments, in 
this case, zinc white, because it reduces its durability, while 
increasing the sensibility to oil absorption and the light-
induced, cracks and discoloration process [88].

Discussion
Research on the painting technique and diagnosis in 
conservation of the studied artworks required a meth-
odology developed from heritage sciences, encompass-
ing conservation, physics, archive research and technical 
art history. The sum of these perspectives enriches the 
strength of the non-invasive in situ studies, and the work 
of processing, interpreting and presenting these results 
with an interdisciplinary dialogue.

Regarding the absence of records of the exhibition, 
mounting and, of course, conservation of the paintings, 
the documentary compilation carried was essential for 
addressing the research questions. In terms of the paint-
ing technique of these artworks, our study evidenced 
that they are mural paintings, with a partial loss in the 
lower area and other architectural elements designed and 
intended for a historical space and subject to a visual per-
spective from within.

Results from this work, involving both archive docu-
mentation and analysis techniques, show that the pro-
duction of these paintings generates a necessity to further 
study this artist over his entire artistic creation. In par-
ticular, the layer sequences observed with microscopy 
and the materials interpreted from these works, exhibit 
that these masterpieces result from a mixed tradition 
between the construction of pictorial layers commonly 
used in oil paintings and the new conception of mural 
production. Thus, anticipating the narrative of the mural-
ism movement in 1922.

The novelty regarding the color palette and its agency 
for the early twentieth century relies on the incorpora-
tion of industrial and organic materials that are used for 
the first time in Mexican modernism. Results from this 
study indicate that Saturnino developed a novel paint-
ing technique similar to that of contemporary painters in 
Europe, and prior to other Mexican muralists. The grow-
ing interest in studying similar masterworks and artists 
from this period will eventually provide a global insight 
on practices and knowing of techniques.

Innovation and a symbolic use of materials and their 
appreciation is shown by the artist through a complex 
material relationship and skill in handling the mixtures 
with the oil binder. As examples, this is shown by his 
unprecedented intention in which ultramarine blue was 
used in the overalls, symbol of the worker, cochineal lake 
in the skin tones of the characters, and the expansion of 
its application in priming in this era, suggests innova-
tion and a symbolic use for the local materials and its 
appreciation.

Meanwhile, the use of two types of white, lead and zinc, 
suggest experience, maturity and knowledge of quality 
materials in the early era, contrary to what was considered 
in the collected documentation. The rest of the materi-
als used in the complementary shades suggests a study 
of plastic development; and situates the temporality and 
tradition of the artists’ materials in the twentieth century, 
because of the understanding of light, the complementary 
hues like green, orange, and violet for the shadows.

Finally, following up on the preservation of modern 
works in Mexico opens a broad panorama of discussion 
on the attribution of cultural and symbolic values, which, 
despite the temporal distance, invites us to consider other 

Table 2  Materials related to restoration treatments identified in 
allegories by spectroscopies

Color FORS
Spectral features

XRF

Blue hue Cobalt blue
550 nm, 650 nm

Co

Red hue – Fe

Yellow hue – Fe

Black hue – Fe

White hue Titanium white
401 nm
zinc white
384 nm

Ti, Zn, Ca

Fine mortar Gypsum
1943 nm, 1978 nm

Ca, S

Binder Wax
1732 nm, 1764 nm,
2313 nm, 2350 nm

-
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perspectives of what we consider heritage, the vicissi-
tudes through which work groups positioned themselves 
to preserve it, the way in which we made this diagnosis in 
conservation and, of course, our passage through them.

Conclusions
The combined methodology of documentation and spec-
troscopic analyses allowed us to characterize the painting 
materials employed in the creation of both master pieces, 
as well as providing evidence that the artworks were cre-
ated as mural paintings. Results also display an interest-
ing use of materials to produce complex creations.

Results from this study will provide further insights 
into his influence on the Mexican muralist movement, 
Mexican art and encourage the development of further 
studies into his artistic production.

This study clearly exhibits how the materials and tech-
niques were used in the conservation of modern paint-
ings in Mexico,
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