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Abstract: This study offers fresh insights into the technical and stylistic exchanges between
Flemish and Portuguese panel painting during the late 15th and early 16th centuries. By
comparing two contemporaneous works, we trace Flemish influence in Portugal through
a detailed materials and techniques analysis. Non-invasive, in situ methods—including
energy dispersive X-ray fluorescence (XRF), macro-photography (MP), infrared reflec-
tography (IRR), and dendrochronology—were used to examine each painting’s wooden
support, ground layer, underdrawing, and pigment stratigraphy. Select micro-sampling
analyses—micro-Fourier-transform infrared spectroscopy (pu-FTIR), scanning electron mi-
croscopy with energy dispersive spectroscopy (SEM-EDS), and micro-Raman spectroscopy
(u-Raman)—provided complementary data on binder and pigment composition. While
both paintings share nearly identical pigments and layering sequences and employ com-
parable coating techniques, their ground compositions differ subtly. Notably, the Flemish
work features extensive gold-leaf application, whereas underdrawing execution takes on
principal importance in the Portuguese example. Together, these findings reveal that Jorge
Afonso’s workshop developed a distinct Portuguese method—rooted in Flemish practices
disseminated by Quentin Metsys—yet adapted to local materials and aesthetic priorities.

Keywords: painting technique; drawing; Flemish painting; Portuguese painting; analyti-
cal techniques

1. Introduction

This study concerns the materials and the techniques employed by two masters in their
Flemish and Portuguese paintings. Both works depict the same rare theme—the Apparition
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of the Angel to Santa Clara, Santa Inés, and Santa Coleta. The Flemish painting (P1),
attributed to the workshop of Quentin Metsys (1466-1530) [1], was made circa 1491-1507.
It was commissioned by Emperor Maximilian and later offered to Queen D. Leonor of
Portugal [1-7]. The Queen likely offered the painting to Convento de Jests in Settbal,
Portugal. The nuns from this convent would have commissioned a painting on the same
theme from Jorge Afonso (c. 1470-1540), the greatest painter of the Lisbon workshop (1517-
19/1530). This altarpiece, considered his last and most significant work, was regarded as
one of the most important pieces of the 14-painting altarpiece [8-16].

In the past, research on these paintings has been focused on Art History, specifi-
cally addressing Jorge Afonso’s workshop [16-18] and, more recently, Settibal altarpiece
materials [19].

The iconographic influences of both P1 and P2 are based on northern European models,
as seen in an engraving by Martin Schongauer (c. 1470-1480), representing “The Angel of
the Annunciation” or in an angel image of Albrecht Diirer engraving, ca. 1510, part of “The
Annunciation, from “The Small Passion” (Figure 1).

Figure 1. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta” (P1),
attributed to Quentin Metsys workshop, c. 1491-1507, oil on Baltic oak wood, 1527 x 973 mm, Settibal
museum, Convento de Jesus; (b) Albrecht Diirer engraving, ca. 1510, part of “The Annunciation, from
“The Small Passion” (reversed detail). The Metropolitan Museum of Art, New York, Gift of Junius
Spencer Morgan, 1919, inv.19.73.173; (c) Painting “Apparition of the angel to Santa Clara, Santa Inés
and Santa Coleta” (P2), the altarpiece of the church of Convento de Jesus in Settibal, Jorge Afonso,
Portuguese school, 1525, oil on Baltic oak wood, 1755 x 1110 mm, Settibal Museum, Convento de
Jests in Setabal.

Moreover, art historians claim that P1 might have been the source for P2 [16-18].
However, it remains unclear whether the Portuguese painter Jorge Afonso was influenced
by Flemish techniques or if he adhered to Portuguese traditions in terms of materials
and techniques.

In the present work, we compare the materials, and the techniques used in P1 and P2
to identify their differences and similarities. Pigments were identified by combining in situ
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X-ray fluorescence spectroscopy with ex situ scanning electron microscopy with energy-
dispersive spectroscopy and p-Raman spectroscopy. This analytical methodology provided
the stratigraphic characterization of the chemical composition by color and layer [19-26].

The supporting materials and dendrochronology of P1 were examined, since the
dendrochronological study of P2 was conducted and subsequently published by Antunes
etal. [27].

The novelty of this study lies in presenting, for the first time through analytical results,
strong evidence of Flemish influences (P1) on Portuguese painting (P2) since no prior
technical or material comparison has been conducted between the two paintings.

2. Materials and Methods

Sample collection and preparation were carried out by embedding samples in an
Epofix organic compound with a hardener. Samples were micro-meshed with abrasive
cloths in consecutive finer grades.

Observations by optical microscopy (OM) of the cross-sections allowed us to define
ground and painting layer numbers. They were performed on a Leica DM 2500M, Leica
Microsystems, Wetzlar, Germany optical dark 100-field magnifier coupled to a photographic
camera Leica MC170HD, Leica Microsystems, Wetzlar, Germany. Pictures were taken at
different magnifications, from 100x to 500x.

Macro-photographs (MP) were captured with a mobile microscope 3” LCD 8. 5
Mega Pixels 20-500 x, Digital LCD with VGA, micro-SD card storage, and a MicroCapture
professional software system, Max-see, Taichung, Taiwan. Infrared reflectography (IRR)
was performed with a high-resolution infrared reflectography camera (Osiris) with an
InGaAs detector, Opus Instruments, Makers of the Apollo & Osiris Infrared Reflectography
cameras used in art conservation and research around the world Photography Norwich,
Norfolk. It permits a wavelength response from 900 to 1700 nm and is equipped with
a 16 x 16 tile system. This instrument allows a picture size of 4096 x 4096 pixels. The
camera is provided with the long-pass filter Schott RG850, Opus Instruments, Norwich,
Norfolk. The infrared wavelength is transmitted, with shorter wavelengths below 850
nm blocked. The reflectograms captured a 60 cm x 60 cm area and were recorded at an
operating distance of 125 cm, considering the front of the body camera to the painting,
and focus (front of the body camera to the lens) of 28 cm, with an /11 aperture. Diffuse
illumination at 1000 lux was provided by reflectors with 2 x 1000 W halogen VC—1000Q
Quartz light tone, Opus Instruments, Norwich, Norfolk. The ultimate image, composed of
many reflectograms, was assembled in Photoshop CS5 with the Photomerge tool. All the
photographs had minimal treatment, adjusting levels, and increased distinction.

The portable X-ray fluorescence spectrometer used in this work permitted the identifi-
cation of elemental composition by color. It consists of an Amptek Mini-X X-ray tube (Rh,
50 kV, 200 A, 4 W max) and an Amptek SDD detector with an energy resolution of 140 eV
FWHM at 5.9 keV, a 25 mm? detection area, and 500 um thickness [20]. The detector and
the X-ray tube are assembled in a 90 geometry. This geometry allows for a high background
reduction due to Compton scattering [21]. Analyses were performed in air at 30 kV and
15 pA for 120 s. A 1 mm collimator was used at the exit of the X-ray tube. The spectra were
acquired using DppPMCA 1.0.0.22 setup software. Spectra deconvolution and assessment
were performed using the version 4.5, Win Axil X-Ray Analysis Software, Canberra Eu-
risys Benelux, Belgium. Analyses were carried out in situ before sample collection in the
same region.

Scanning electron microscopy with energy-dispersive spectrometry (SEM-EDS) pro-
vides elemental distribution maps and morphological characterization of the painting
materials. The elemental distribution through the cross-sections was performed in backscat-
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tering mode with a Hitachi S-3700N SEM coupled with a Bruker XFlash 5010 SDD energy-
dispersive detector, Bruker Corporation, Billerica, MA, USA. A variable pressure mode
at 40 Pa without carbon coating was performed to allow further analyses. The operating
conditions for EDS analysis were 20 kV accelerating voltage and 10 mm working distance.

Micro-Raman spectroscopy analysis (u-Raman) allowed the confirmation of some
inorganic compounds. A Horiba-Jobin Yvon XploRA spectrometer with an air-cooled CCD
Andor iDus detector was used, Oxford Instruments plc, Tubney Woods, Abingdon, Oxon
OX13 5QX, UK. Spectra were acquired using a 785 nm laser, a 100 x magnification objective,
a pinhole of 300 um, an entrance slit of 100 pm, and a 1200 lines/mm diffraction grating in
a range of 100-3000 cm~!. A maximum incident power of 0.2 mW was used. Spectra de-
convolution was performed using LabSpec (V5.78), PANalytical, Almelo, The Netherlands.
Pigment classification was made with Spectral IDTM and alternative databases [22-24].

Binders in the ground and pigment layers were initially identified by micro-Fourier-
transform infrared spectroscopy (u-FTIR) analysis performed using a Bruker spectrometer
Tensor 27 model in transmission mode, Bruker Corporation, Billerica, MA, USA. A 15x
objective and a diamond compression microcell EXPress 1.6 mm, ST]-0169, at the medium
infrared region (MIR) were used. The spectrometer is coupled with a Hyperion 3000 micro-
scope, controlled by software OPUS 7.2 from Bruker, and a Mercury Cadmium Telluride
detector, Bruker Corporation, Billerica, MA, USA. A working range of 4000-600 cm~lina
spectral resolution of 4 cm~! and 64 scans/spectrum was recorded.

To undertake a dendrochronological study of the painting, it is first necessary to
remove the frame so that the cross-sections of each plank may be analyzed. Subsequent
measurements and analyses are then conducted on macro-photographs captured using
a camera. Image and statistical treatments were performed in the software system pack-
ages Image Analysis (Analysis 2.1), TRICYCLE, Amersfoort, The Netherlands [25], and
TSAPWin Scientific 4.64 [26].

3. Results and Discussion
3.1. Supports

Both panels were prepared on four vertically assembled planks of Baltic oak wood.
The careful choice of planks is clear in both cases, with radial or full radial cuts chosen
to minimize wood shrinkage and its associated problems. The widths of the planks in
paintings P1 and P2 range from 22 to 27 cm and from 25 to 31 c¢m, respectively. Cross-
sectional analysis confirmed the absence of sapwood rings in both assemblies.

Dendrochronological study of P1’s planks established 1480 as the date of the most
recent tree-ring. To establish a terminus post quem for the panel, one must account for
both the removed sapwood and the wood’s seasoning interval. Based on regional oak
characteristics, sapwood removal likely encompassed at least nine rings, and a minimum
drying period of two years must be assumed [27-31]. Thus, the panel could not have
been painted before 1491 (1480 + 9 + 2). If one adopts the average sapwood ring count of
fifteen [31], the implied earliest execution date becomes 1497 (1480 + 15 + 2). However,
these calculations do not consider the possible loss of heartwood rings nor any extended
seasoning or storage beyond the assumed minimum. In any case, these dates align closely
with the generally accepted attribution range for Quentin Metsys’s painting (c. 1491-1507).
For P2, the “presumed date of use” has been determined as 1508 [27], coinciding with
the year Jorge Afonso’s appointment as royal painter by King D. Manuel I of Portugal. A
penciled inscription on the verso reads “525”, which—interpreted in the context of the
panel’s chronology—falls four years before Metsys’s death [27]. This apparent discrep-
ancy likely reflects variations in seasoning times, storage intervals, and sapwood removal
during assembly.
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Together, these findings underscore the political and artistic importance of Metsys’s
Settibal workshop (P1) and provide the context for commissioning Jorge Afonso’s corre-
sponding panel (P2), both conceived within the same thematic program and eventually
integrated into the larger altarpiece.

3.2. Ground Layers

A comparison of the two panels reveals marked differences in their craquelure patterns.
In P1, the ground layer is thin and highly fractured, comprising at least three coats of chalk—
each finer than the last—and the final coat aligned with the wood’s radial grain. This chalk,
rich in calcite (CaCOg) (Table 1), provides an ideal, light-reflective texture for oil paint and
was a hallmark of Northern European masters [28-32]. Cross-section measurements show
a progressive reduction in thickness from the bottom to the top coats (48 pm, 18 um, and
11 pum, respectively) (Figure 2a,b). SEM backscattered electron imaging of sample P1-33
reveals coccolith and foraminifera fossils, confirming the use of natural chalk, and EDS
mapping identifies calcium as the principal element in the ground matrix (Figure 2d).

Figure 2. (a) OM image of a sample taken from the golden light tone from the angel’s wing (P1-7);
(b) OM detail of the same sample highlighting the decrease in thickness from bottom to upper coats
(48 um, 18 um, 11 um) of the ground layer; (¢) SEM-EDS distribution of the chemical elements present
in P1-7, highlighting Ca matrix in the ground -layer and the presence of Pb, Al, and Si in the bol layer;
(d) EDS spectrum of the same sample, highlighting the presence of Ca as a main element of ground
layer matrix.

Micro-FTIR analysis of the uppermost layer (sample P1-7) detected calcite, trace
amounts of gypsum and cerussite, silicates, and protein; the first ground coat likewise
contained calcite, gypsum, silicates, and protein (Table 2). The sulfate bands observed may
also result from the garlic used in the sizing layer, as previously noted [33].
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Table 1. Main pigments by color of the P1 accessed using the p-Raman technique.

Sample Color/Area Micro-Raman Key Compounds (cm~1)
i T . ground layer: calcite (286, 1091); white layer: plumbonacrite (324,
P1-1 weiigs gt formile el 414, 1055), hematite (228, 293, 409, 500, 613);
) . ) red layer: hematite (226, 294, 412, 504, 618); black layer: azurite
P1-2 white angel tunic shadow (213, 350, 404, 771, 832, 939, 1099)
: . yellow layer: lead-tin yellow type I (132, 160, 309, 415, 460), carbon
P1-3 yellow light custody black (1321, 1557)
i brown layer: carbon black (1331, 1577), hematite (230, 297, 415),
Pl-6 ochre background shadow lead-tin yellow type I (130, 197, 266)
E . . white layer: lead white (1060); bol layer: vermilion (255, 271), gold;
= goldenilightanseliving black layer: carbon black (1336, 1585),
P1-10 black wing angel black layer: Carbon black (1361, 1616)
P1-12 red shadow column red layer: hematite (228, 247, 296, 413, 491, 611), carbon black (1346,
1600)
P1-13 red mantle of the apostle in the ~ white layer: lead white (1054), carbon black (1343, 1603); red layer:
background vermilion (254, 287, 344),
P1-14 golden nimbus Sta. Clara white layer: lead white (1054), carbon black (1325, 1608);
} . . yellow layer: lead white (1056), hematite (225, 247, 291, 405, 413,
P1-15 light brown tunic Sta.Clara 538), carbon black (1323, 1600)
) . . brown layer: lead-tin yellow type I (130, 199, 278, 293, 460, 530),
Py lighitlononm endflmeian lead white (1053), carbon black (1337, 1588)
) . brown layer: carbon black (1352, 1577), cinnabar (254, 294, 345),
P1-20 brown angel hair shadow hematite (230, 297, 415); White layer: lead white (1055)
: . green layer: lead-tin yellow type I (130, 159, 196, 277, 296, 459, 527),
PLEL g green o hematite (225, 292, 413, 599), carbon black (1301, 1549)
P1-22 green shadow floor carbon black (1340, 1581), goethite (258, 304, 385, 477, 547)
blue layer: azurite (236, 280, 324, 399, 631, 763, 832, 1015, 1095),
) . cerusite (258, 1058); green layer: plumbonacrite (130, 194, 276, 463),
P1-23  greenlight trees lead tin yellow tipe I (129, 151, 196, 268, 453), malachite (267, 352,
397,435,536, 612, 726, 768, 868, 939, 1007, 1095),
P104 ceen shadowtrees blue layer: azurite (278, 332, 372, 401, 593, 766, 832, 911, 1093),
& cerusite (213, 1056), hematite (225, 292, 413, 494, 614),
_ blue layer: azurite (280, 401, 536, 777, 831, 1097), barite (461, 618,
Sl blue sky shadow 648, 989), plumbonacrite (316, 401, 1058), carbon black (1335, 1575);
yellow layer: lead tin yellow type I (130, 158, 196, 266, 456); gray
P1-28 gray shadow tower layer: carbon black (1342, 1578), lead white (1052), azurite (249, 284,
394,766, 811, 940, 1099);
yellow layer: lead tin yellow type I (131, 160, 196, 0276, 459), lead
P1-30 black shadow veil Sta.Clara white (1051), carbon black (1320, 1581); black layer: carbon black
(1326, 1583), red ochre (219, 285, 398, 487, 595)
P1-31 carnation light hand Sta.Clara carnation: lead-tin yellow type II (135, 216, 278, 393), lead white
’ (1058)
P1-32 hand shadow Sta.Clara carnation: carbon black (1344, 1571), lead white (1055)
) carnation: carbon black (1327, 1597), lead white (1055), hematite
P1-34 shadow angel hand (225, 248, 412, 501, 610), cinnabar (255, 289, 343),
bol layer: lead tin yellow type I (128, 194, 273, 288, 453),
P1-36 golden shadow crown plumbonacrite (292, 402, 1054), calcite (292, 720, 1091), hematite

(222, 247, 291, 409, 494, 613), cinnabar (254, 285, 341), carbon black
(1303, 1607)




Heritage 2025, 8, 205

7 of 22

Table 2. Micro-FTIR results for P1 and P2.

Sample

Layer

Micro-FTIR Compounds (cm~—1)

P1-2

blue

Azurite (3429, 1091, 956, 839, 815, 770, 742), Cerussite (1418, 1051, 681), Oil
(2926, 2852, 1705), Lead carboxylates (1539)

varnish

Ketone resin (2923, 2852, 1706, 1448)

P1-7

bolus

Kaolinite (3698, 914), Cerussite (1051), Hydrocerussite (1045, 839, 679), Calcite
(2517, 1415, 876, 712), traces of Gypsum (1621, 1108, 1005, 609), Quartz (1080,
796, 780),

Ketone resin (2922, 2853, 1704, 1447), Oil (1100), Lead carboxylates (1549),
Oxalates (1322)

Calcite (2512, 1796, 1435, 876, 713), traces of Gypsum (3409, 1619, 1112, 673,

upper ground layer  608), traces of Hydrocerussite (1045, 839, 677), Silicates (780), Protein (2920,

2850, 1646)

inferior ground Calcite (2512, 1796, 1415, 875, 712), Gypsum (3402, 1620, 1119, 673), Silicates

layer

(782), Protein (2921, 2851, 1645)

P1-9

red lacquer

Hydrocerussite (1043, 839, 678), Calcite (1417, 876, 712), Gypsum (3406, 1681,
1621, 1111, 671), Silicates (779),
Ketone resin (2924, 2851, 1448)

P1-14

bolus

Kaolinite (3699, 3619, 914), Cerussite (1051), Hydrocerussite (3535, 1046, 839,
681), Calcite (2516, 1793, 1419, 875, 712), traces of Gypsum (3408, 1618), Oil
(1726, 1100, 724), Protein (2928, 2852, 1646, 1552), Ketone resin (1709, 1447),
Metal carboxylates (1529), Oxalates (1323, 780)

P2-2

blue

Azurite (3428, 1091, 954, 838, 815, 770, 741), Cerussite (1052, 687), Ketone resin
(2923, 2851, 1709, 1446), Metal carboxylates (1511)

P2-14

bolus

Kaolinite (3699, 3650, 3620, 1034, 1010, 914), Cerussite (1050), Hydrocerussite
(3527, 1409, 1045, 838, 680), Quartz (796, 780), Oil (2920, 2851, 1725, 1102, 721),
Lead carboxylates (1519)

ground layer

Gypsum (3536, 3485, 3405, 3248, 1621, 1118, 673), Anhydrite (1015, 614), Protein
(2930, 2856, 1646, 1558), Carbonate (1407)

P2-30

black

Cerussite (1406, 1051, 839, 679), Quartz (1084, 797, 780), Gypsum (3400, 1619),
Ketone resin (1448, 727), Oil (2927, 2853, 1707, 1164, 722), Metal carboxylates
(1545)

P2-32

black

Cerussite (1051, 839, 679), Gypsum (3404, 1623, 1121, 673), Quartz (1084, 797,
780), Wax (730, 719), Ketone resin (2924, 2851, 1707, 1447), Oil (1102), Lead
carboxylates (1520)

By contrast, P2 exhibits a thicker, less regular craquelure, typical of a two-stage calcium
sulfate ground. A coarser-grained lower layer is overlaid by a finer upper layer of the same
material. This CaSO4 system, characteristic of Portuguese panel painting and part of the
Southern European tradition, has been documented in prior studies [34-36] and among
followers in Jorge Afonso’s workshop [37-39].

One reason Jorge Afonso’s workshop employed calcium sulfate grounds is that natural
chalk was not locally available in Portugal. During this period, Portugal faced political and
economic challenges, including the decline of its Antwerp “feitoria”, ! which likely dis-
rupted the import of “giz de pintores” (painters’ chalk). Consequently, calcium carbonate
is almost entirely absent in the ground layers studied from Jorge Afonso’s workshop. Nev-
ertheless, micro-FTIR analysis of the upper, thinner ground layer (sample P2-14) detected
minor amounts of calcite—probably added to smooth the anhydrite matrix and produce a
finer surface for drawing and painting. This small admixture of carbonate may reflect a
local adaptation of Flemish techniques and materials to Portuguese conditions [34,35,40,41].
The same analysis also confirmed the presence of gypsum, anhydrite, proteinaceous binder,
and carbonate bands at 1407 cm™~! (Table 2).
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3.3. Drawing and Priming Layers

The underdrawings of P1 and P2 differ markedly. In P1, the underdrawing is scarcely
detectable by infrared reflectography (Figure 3). This may indicate either the omission
of a traditional carbon sketch—perhaps a consequence of high-volume production in
a Flemish workshop using pattern-transfer techniques (cartoons or pouncing)—or the
employment of non-carbon media, such as metalpoint. Apprentices often executed their
initial studies in metalpoint or leadpoint on smooth, chalk-prepared grounds during their
first year of training, before progressing to pen or brush work. These metalpoint techniques,
inherited from manuscript illumination practices, are ideally suited to finely ground chalk
surfaces [42,43].

(b) (©) B (d)

Figure 3. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta” (detail),
attributed to Quentin Metsys workshop, c. 1491-1507; (b) reflectogram of the same detail showing
scarce underdrawings; (c) painting “Apparition of the angel to Santa Clara, Santa Inés and Santa
Coleta” (detail), the altarpiece of the church of the Convento de Jesus, Setabal, Jorge Afonso, Por-
tuguese school, 1525; (d) reflectogram of the same detail showing shadow marking and fingers
correction underdrawings.

The metalpoint technique gained prominence among Flemish and Italian artists in
the early Renaissance, as documented by Cennini in his late 14th-century treatise [44,45].
Silverpoint styluses varied in alloy composition from pure silver to copper-containing
mixtures [46]. Leadpoint was likewise used, though its presence is difficult to detect by
infrared reflectography or radiography because of the lead-white priming layer [47,48],
which is found on both P1 and P2. In P2, leadpoint may indeed have contributed to the un-
derdrawing: optical microscopy of sample P2-39 revealed an indistinct layer containing red
grains that EDS identified as lead—most likely minium—supporting the use of leadpoint
on that panel (Figure 4).

Unlike P1, the underdrawing in P2 combines both dry leadpoint sketching and carbon-
based media [27]. It reveals a careful delineation of figure contours and shadow modeling,
with evidence of preliminary—or “abandoned”—sketches.
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ECa

MAG: 650 x HV: 20,0 kV.WD:9.4 mm

Figure 4. (a) Image of the underdrawings under the white vest of the angel; (b) macro-photography
showing a closer look of the same aspect of the underdrawings; (c) sample P2-39 by OM, showing an
undefined layer composed of red grains under the dark green layer; (d) the same sample under EDS
mapping, confirming the presence of a Pb based underdrawing layer, probably minimum.

Three drawing stages are discernible.

1. Aninitial geometric layout establishing the placement of figures and architectural
elements.

2. Arefined contour drawing of the figures.

3. Afinal, fluid application of carbon-based medium with brush and pen, executed with
great precision to faithfully replicate P1.

The portal decoration in P2 borrows motifs from Quentin Metsys’s Water Wheel in
front of Antwerp Cathedral—motifs Jorge Afonso likely knew through his brother-in-law,
the Flemish painter Francisco Henriques, who worked in Portugal—while also introducing
distinctive Portuguese details. A notable unfinished sketch of Queen D. Leonor’s coat
of arms adorns the front of P2, while the “525” inscription on the verso of P1—marking
the year of her death—indicates that her passing likely prompted the commission of P2
and halted work on her arms [27]. On that same verso of P1, Jorge Afonso’s signature
appears above a profile sketch, highlighting P2’s status as the inaugural panel before the
fourteen-piece Settibal altarpiece. Metsys himself signed and dated several of his panels—
most famously the 1509 Triptyque de la confrérie de Sainte-Anne in Louvain’s Saint Peter’s
Church [49]. Several profile sketches appear on the reverse of P2—similar to Jorge Afonso’s
profile under his signature in P1—and likely represent a late-life self-portrait (he died in
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1540 at age 70) [27]. That very facial profile recurs among the Magi in his Adoragao dos
Magos panel for the Settibal altarpiece and again in his Madre de Deus altarpiece in Lisbon
(c. 1515), painted soon after his Sete Dores da Virgem series (1510-11) for the same convent
(Figure 5).

(b)

(d)

Figure 5. (a) Reflectogram of the underdrawings of the King Mage figure in the painting “Adoracao
dos Magos”, the altarpiece of the church of the Convento de Jesus in Settdbal, Jorge Afonso, Portuguese
school, 1525; (b) reflectogram detail of figure profile in the back of the painting “Apparition of the
angel to Santa Clara, Santa Inés and Santa Coleta” (P1) assigned to Metsys workshop; (c) reflectogram
detail of figure profile headed by Jorge Afonso signature in the back of P1 (d) date of 525 in the back
of P1.

7

These final technical findings—and the parallel practices observed in both masters
workshops—underscore Quentin Metsys’s profound influence on Jorge Afonso’s early
career, as long recognized in Portuguese art history. A master-apprentice connection be-
tween Metsys and Jorge Afonso has been suggested [16,18]. Moreover, Portuguese painters’
ready access to the trade “feitorias” in Flanders—exemplified by Edward Portugalois, who
served his apprenticeship in Metsys’s workshop from 1504 to 1506—is attested in Damiao
de Gois’s chronicle of King D. Manuel [50-52]. Further archival and technical research
is required to confirm this hypothesis. At present, this study remains confined to these

unique case studies, with additional documentary evidence still awaiting exploration [16].
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3.4. Gold Leaf and Bolus

Gold-leaf application to the angel’s wings and crown is unique to P1, whereas P2
employs gold only sparingly on the saints” halos. In P1, imitation-gold pigments are
also used to render the monstrance—arguably the most cherished and intricately detailed
element of the composition—likely to capture its minute ornamentation (Figure 6).

Figure 6. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta” (detail
from the crown), attributed to Quentin Metsys workshop, c. 1491-1507; (b) microphotography
from the gold leaf under a pearl in the crown; (¢) Monstrance from the same painting highlighting
the minutes painted details imitating gold; (d) OM cross-section from sample P1-3, taken from the
light area of the monstrance and highlighting the upper layer light tone, probably composed of
lead-tin yellow.

The extensive use of gold leaf creates a pronounced contrast in both technique and
intent between the two panels, reflecting a twenty-year shift from traditional to more mod-
ern workshop practices. In Antwerp, the master’s workshop applied a bole layer followed
by genuine gold leaf and then sealed it with translucent glazes to emphasize the principal
symbols—the angel and the royal crown—whereas in Lisbon, Jorge Afonso’s workshop



Heritage 2025, 8, 205

12 of 22

imitated gilded surfaces with pigmented mixtures, showcasing the painter’s technical
prowess in harmony with the anthropocentric ideals of Renaissance humanism [53].

In P1 (sample P1-7), XRF analysis of the angel’s wing highlights revealed gold (Au),
lead (Pb), copper (Cu), calcium (Ca), and iron (Fe). SEM-EDS imaging of the underlying
bole layer confirmed the presence of lead, aluminum (Al), and silicon (5i) (Figure 2).
Micro-Raman spectroscopy delineated a stratigraphy consisting of a lead-white ground,
a vermilion bole, the gold leaf itself, and an overlying carbon-black layer (Table 1). p-
FTIR analysis of that bole layer detected kaolinite, cerussite, hydrocerussite, calcite, trace
gypsum, quartz, drying oil, lead carboxylates and oxalates, all finished with a ketone-resin
varnish—most likely Winsor and Newton’s Artists” Retouching Varnish (Table 2).

In P1, XRF analysis of the angel’s wing shadow (region PP1-8) detected Au, Pb, Cu, Ca,
and Fe. In the crown’s gold leaf—examined in regions P1-35 (light tone) and P1-36 (shadow
tone)—XRF revealed Au, Sn, Pb, Cu, Ca, and Fe. p-Raman analysis of the underlying
bole layer identified lead-tin yellow type I, plumbonacrite, calcite, hematite, cinnabar, and
carbon black as its principal compounds (Table 1).

For the nimbus of St. Clara (region P1-14), XRF again showed Au and Pb. p-Raman
of the white layer there confirmed lead white and carbon black as the main constituents
(Table 1). u-FTIR of that bole layer further validated the presence of kaolinite, cerussite, hy-
drocerussite, calcite, trace gypsum, drying oil, protein, a ketone-resin varnish, and metallic
carboxylates and oxalates (Table 2). The lavish application of gold leaf in architectural and
figural elements was typical of Metsys’s workshop—for instance, in The Virgin and Child
Enthroned with Four Angels, Metsys adorns the architecture with genuine gold leaf [7].

By contrast, P2’s “gilding” is entirely imitative. Pigment analysis shows a mixture
of lead-tin yellow, lead white, ochre, and vermilion [19]. p-FTIR of the saints” halos’ bole
layer reveals kaolinite, cerussite, hydrocerussite, quartz, drying oil, and lead carboxylates
(Table 2).

3.5. Pigments and Layering
3.5.1. White Color

XRF analysis of region P1-1 reveals lead (Pb) in the white highlight of the angel’s
tunic. p-Raman spectroscopy shows a calcite ground overlaid by a plumbonacrite layer
(Pb1p(CO3)sO(OH)g) with sparse hematite grains (Table 1). In region P1-2 (tunic shadow),
XRF detects Pb and calcium (Ca), while py-Raman identifies a red hematite layer sur-
mounted by a black, azurite-rich layer used for shading (Table 1; Figure 6). u-FTIR of the
same stratigraphy reveals a pale blue layer—composed of azurite, cerussite, oil, and lead
carboxylates—indicative of lead-white degradation (Table 2).

P2 exhibits a comparable palette: p-FTIR of sample P2-2 detects a single pale blue
layer containing azurite, cerussite, a ketone resin varnish, and metal carboxylates (Table 2).
Unlike P1’s multi-layer build-up, P2’s white-shadow effects are achieved in a single appli-
cation [19].

3.5.2. Yellow Color

XRF analysis of region P1-3—the yellow highlight on the monstrance—detected Pb,
Ca, Fe, and Sn, and p-Raman confirms this layer as lead-tin yellow type I (Pb,SnO,) mixed
with carbon black (Table 1; Figure 7). Region P1-4 (the monstrance’s shadow) likewise
shows Pb, Ca, Fe, and Sn. In the ochre background’s light tone (P1-5), XRF reveals Pb, Ca,
and Fe, while the ochre shadow (P1-6) contains Pb, Ca, Fe, and Sn; p-Raman identifies that
the brown shadow layer as carbon black, hematite, and lead-tin yellow type I (Table 1).
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Figure 7. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta” (detail),
attributed to Quentin Metsys workshop, c. 1491-1507; (b) OM image of sample P1-2 taken from the
white shadow vest of the angel, highlighting a first thin white priming layer, a second red layer and a
third bluish layer/black layer; (c) hematite p-Raman Spectrum highlighting peaks at 228, 293, 409,
499, and 613 cm ™! obtained at the red layer.

P2 displays an almost identical yellow palette—adding goethite, which was absent in
Pl—and, like P1, builds its yellow passages in two to three coats [19]. SEM-EDS mapping
of sample P2-4 confirms a three-layer sequence: a Pb-rich base coat, an Fe-rich middle layer,
and a Sn-bearing top layer, most likely lead-tin yellow (Figure 8).
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Figure 8. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta” (P2)
(monstrance detail), the altarpiece of the church of the Convento de Jesus in Settibal, Jorge Afonso,
Portuguese school, 1525; (b) OM cross-section image of sample PR2-4, taken from the brown shadow
of the monstrance, showing a first thin black layer, a second light brown layer, and a third dark brown
layer; (c) SEM-EDS mapping confirmed the presence of a first Pb-based layer, a second layer mainly
composed by Fe and a third layer containing Sn, probably lead-tin yellow.

3.5.3. Red Color

Both panels employ essentially the same red pigments and stratigraphies—apart from
P1’s use of genuine gold leaf—and build their red passages in two to three successive
layers [19].

Angel’s Wing (P1-9): XRF of the red-light tone detects Au (from the gold leaf), Pb,
Ca, and Fe. p-FTIR further identifies a red lacquer layer containing cerussite, calcite, trace
gypsum, silicates, and a ketone-resin varnish (Table 2).

Column (P1-11, P1-12): Micro-XRF of the column’s light red tone (P1-11) and shadow
(P1-12) reveals Pb, Ca, Fe, and Hg (Figure 9). p-Raman confirms that the red layer is
composed of hematite (FepO3) with a carbon-black admixture—underscoring hematite’s
role in the shadow passages (Table 1).

Apostle’s Mantle (P1-13): XRF again shows Pb, Ca, Fe, and Hg in the red cloak. p-
Raman distinguishes a white underlayer of lead white and carbon black, topped by a thin
cinnabar layer (Table 1; Figure 9).
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(a)

(b)

Figure 9. (a) OM cross-section image of sample P1-12, regarding the shadow tone of the column,
showing a thin white priming layer under a red matrix layer; (b) OM cross-section image of sample
P1-13, regarding the red mantle from the apostle, showing a thin white priming layer under a thick
white matrix layer and a thin red layer.

3.5.4. Brown Color

Sta. Clara’s Tunic (P1-15 and P1-16): XRF of the light-brown tunic (P1-15) and its
shadow (P1-16) detected Pb, Ca, Fe, and Hg. p-Raman confirms a brown paint layer
composed of lead white, hematite, and carbon black (Table 1).

Architectural Elements (P1-17 and P1-18): In the light brown of the architecture (P1-17),
XRF shows Pb, Cu, Ca, Fe, and Sn. p-Raman identifies lead-tin yellow type I, lead white,
and carbon black as the principal pigments. The shadow tone (P1-18) returns the same
elemental signature (Table 1).

Angel’s Hair (P1-19 and P1-20): XRF in both the light (P1-19) and shadow (P1-20) hair
tones detects Pb, Cu, Ca, Fe, Hg, and Zn—the latter likely from a later repainting. p-Raman
reveals a layered system: a white underlayer of lead white, topped by brown vermilion
(HgS), hematite, and carbon black (Table 1).

In P2, the same suite of brown pigments is present—but, unlike P1’s multiple stratified
coatings, P2 achieves its brown passages in a single, uniform layer [19].

3.5.5. Green Color

XRF of region P1-21 (light green ground) detects Sn, Pb, Cu, and Ca. p-Raman
identifies that layer as a mixture of lead-tin yellow type I, hematite, and carbon black
(Table 1). In P1-22 (green floor shadow), XRF shows Fe, Pb, Cu, and Ca, while p-Raman
reveals carbon black and goethite as the principal compounds.

In the foliage (P1-23), XRF detects Cu, Fe, Pb, Ca, and Sn. Cross-sectional p-Raman
shows a three-stage build-up:

Lower “sky” layer of azurite (Cug(CO3),(OH);) and cerussite (PbCO3)

Intermediate gray modeling layer combining black and white (a technique characteris-
tic of Metsys’s workshop [7,54])

Upper green layer of plumbonacrite, lead-tin yellow type I, and malachite
(CupCO3(OH),) (Figure 10; Table 1)

P1-24 (foliage shadow) yields the same XRF signature; p-Raman again distinguishes a
blue underlayer of azurite, cerussite, and hematite, with plumbonacrite indicating pigment
degradation [55].
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P2 mirrors these findings—identical elemental profiles and layering—except that
malachite is absent. Instead, a final green glazed layer, likely verdigris, appears to have
been applied [19] (Figure 10).

(b)

100 ym

Figure 10. (a) OM cross-section image of sample P1-23, taken from the green light trees showing a
thick white priming layer, the second layer in a blue matrix (sky), a third gray layer, a fourth green
glazed layer (probably verdigris) and a fifth yellow layer corresponding to the light yellow traces;
(b) OM cross-section image of sample PR2-24, taken from green shadow of the trees showing a thin
white priming layer, the second layer in a blue matrix (sky), a third thin gray layer and a fourth green
glazed layer (probably verdigris).

3.5.6. Blue Color

XRF analysis of region P1-25 (the sky’s light blue tone) detected lead (Pb), copper
(Cu), and calcium (Ca). Likewise, XRF of region P1-26 (the sky’s shadow tone) revealed the
same elements. p-Raman spectroscopy confirms that these blue layers consist primarily
of azurite, carbon black, lead white, and plumbonacrite—the latter likely a degradation
product of lead white (Table 1).

In P2, elemental and molecular analyses largely mirror those of P1, with the addition
of barite and a conspicuously thinner white priming layer beneath the blue paint [19]
(Figure 10). This reduced priming thickness may result from applying the blue pigment
directly onto a still-tacky ground, causing partial intermixing and a thinner overall prepara-
tory coating.

3.5.7. Gray Color

In P1, XRF of the tower’s light gray tone (region P1-27) detected iron (Fe), lead (Pb),
and calcium (Ca). In the tower’s shadowed gray (region P1-28), XRF revealed copper (Cu),
Fe, Pb, Ca, and tin (Sn). p-Raman analysis further indicates a bichromatic build-up: a basal
layer of lead-tin yellow type I topped by a gray layer composed of carbon black, lead white,
and azurite (Table 1).

3.5.8. Black Color

XRF analysis of P1-29 (the light black tone of Santa Clara’s veil) detected Ca, Pb,
Fe, Cu, and Sn; P1-30 (the veil’s shadow) returned the same elemental profile. p-Raman
spectroscopy reveals a two-layer build-up: a yellow preparatory layer of lead-tin yellow
type I, lead white, and carbon black, topped by a black paint layer of carbon black and
red ochre as the principal pigments (Table 1). In the angel’s wing (P1-10), XRF likewise
shows Pb, Cu, Ca, and Fe, and p-Raman confirms a single carbon-black layer. P2 displays
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a virtually identical black-pigment palette [19]. pu-FTIR of sample P2-30 (Santa Clara’s
veil) identifies a black layer composed of cerussite, quartz, gypsum, ketone resin, oil, and
metallic carboxylates (Table 2).

3.5.9. Flesh Tone

XRF of region P1-31 (the light flesh tone on Sta. Clara’s hand) detected Ca, Hg, Pb, Fe,
and Cu. p-Raman spectroscopy shows this passage to consist of a flesh-toned organic layer,
lead-tin yellow type II, and lead white. In region P1-32 (the hand’s shadow tone), XRF
revealed Ca, Hg, and Pb, and p-Raman identified a mixture of carbon black and lead white.

Optical microscopy of cross-section P1-33 (the angel’s hand, light flesh tone) uncovers
a thin pink paint layer atop a thicker white preparatory layer (Figure 11). XRF analyses
of both P1-33 and its corresponding shadow (P1-34) detected Hg, Pb, Cu, Fe, and Ca in
each. p-Raman confirms that these layers comprise carbon black, lead white, hematite, and
cinnabar (Table 1).

(b)

/.

100 ym

Figure 11. (a) Painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta”(P1)
(detail), attributed to Quentin Metsys workshop, c. 1491-1507; (b) OM cross-section of sample P1-33,
taken from the light tone from the angel’s hand, evidence a thin pink layer under a thicker white
layer; (c) painting “Apparition of the angel to Santa Clara, Santa Inés and Santa Coleta”(P2) (detail),
the altarpiece of the church of the Convent of Jesus of Settibal, Jorge Afonso, Portuguese school, 1525;
(d) OM cross-section of sample P2-33, taken from the shadow tone from the angel’s hand, evidence a
pink layer under a white layer containing an organic red lacquer (red dot).

SEM-EDS mapping of P1 (Figure 12) reveals a thin, iron-rich pink paint layer resting
above a thicker, whitish preparatory layer high in lead white. In P2, the elemental and
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molecular composition is essentially the same, but the stratigraphy comprises two mixed
coats: a deeper, darker pink base layer overlain by a lighter pink layer containing lead
white, vermilion, bone black, lead-tin yellow, and an organic red dye [19].

(b)
®

(d)

Figure 12. (a) SEM (BSE) image of sample P1-33 highlighting the presence of coccoliths and
foraminifera fossils, in the ground layer and marks the point “1” where EDS analysis was per-
formed; (b) SEM-EDS spectrum of elements found in “1”: a carbon-rich layer, being identified also
Ca, Pb, Sn, Al, and Si; (c) SEM-EDS mapping for P1-33 sample reveals a thinner carbon-based and
Fe-rich pink layer under a thicker whitish layer containing these last elements a bigger quantity of Pb
(lead white); (d) SEM-EDS map of Fe element, highlighting the Fe-rich thin layer.

Micro-FTIR analysis of sample P2-32 (the shadowed flesh tone on Sta. Clara’s hand)
identifies a black layer composed of cerussite, gypsum, quartz, wax, ketone resin, drying
oil, and lead carboxylates (Table 2). Optical microscopy of cross-section P2-33 (the angel’s
hand shadow) shows a thin pink paint layer over a white ground that includes an organic
red lacquer (Figure 11).

4. Conclusions

The results of this study demonstrate that, while Jorge Afonso adopted certain Flemish
conventions, his workshop’s choice of materials and methods remained fundamentally
rooted in Southern European practice.

First, both panels share practical similarities—most notably the use of Baltic oak for
their supports and a two-stage ground system with progressively thinner top coats. Yet,
their compositions diverge: the Northern workshop employed chalk (calcium carbonate)
throughout its multilayered ground, whereas Jorge Afonso’s workshop chose an anhydrite-
rich calcium sulfate matrix, reserving only minor carbonate additions in the uppermost
layer to refine its surface.
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Notes

1

Gold leaf provides another clear point of departure. P1’s extensive gilt—on the angel’s
wings and crown—reflects the Antwerp workshop’s preference for natural gold and bole,
glazed to accentuate key iconography. In P2, gold is confined to saintly halos, with most
“gilded” effects rendered in pigments. This shift—from materials supplied by nature to
effects achieved by the artist—mirrors a broader, humanist turn in early sixteenth-century
taste [48].

Both painters applied an average of three paint layers per color and drew from almost
identical palettes. However, Jorge Afonso’s pigments were less finely ground, resulting in
subtle intermixing at layer boundaries, whereas the Flemish workshop maintained crisp
stratigraphic separations.

Most strikingly, their underdrawing practices reveal contrasting workshop cultures.
P1’s draftsmanship is almost invisible under infrared reflectography, limited to sparse,
low-carbon marks or pattern-transfer techniques, consistent with a high-volume studio
output. In P2, drawing is paramount: a precise, multistage carbon sketch—with abandoned
corrections—extends even to the panel’s verso, where Jorge Afonso boldly inscribed his
signature above a profile study. Here, the underdrawing becomes both a creative record
and an assertion of authorship. In elevating his own hand—literally positioning himself
atop a collaborative medium—Jorge Afonso stakes his claim as the great master and true
founder of the Lisbon school, emulating the prestigious status that Metsys had already
achieved in Antwerp.
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The Portuguese feitoria in Flanders was an official Crown-sanctioned trading post, initially established in Bruges and later

relocated to Antwerp during the 15th and 16th centuries. It served as a structured node within Portugal’s overseas commercial

network, facilitating trade in goods such as spices, sugar, and wine, and ensuring diplomatic and fiscal coordination with the

merchant economies of Northern Europe.
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