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Elemental and electronic techniques have been used for decades in the field of cultural heritage in order 

to investigate artists’ palette and technique. Because non-invasive and non-destructive macroscopic 

approaches are often preferred for the investigation of works of art, X-ray fluorescence scanning, and 

reflectance imaging spectroscopy imaging are often go-to techniques for objects-based and objects-

inspired scientific investigations in the field of Heritage Science [1-5]. However, these techniques do not 

easily provide information regarding the layer build up, the complexity of pigment mixtures used, and 

allow for the investigation of single pigment particles. To this end, microsamples are usually extracted 

from the work of art and prepared as cross sections, thus allowing the investigator to have access to the 

various layers constituting the work of art. Such cross sections are usually investigated using elemental 

and vibrational spectroscopies such as SEM-EDX and Raman spectroscopy, the latter often requiring at 

least two lasers to cover the range of possible pigments used. However, these techniques are often 

associated with beam-induced damages in the form of cracks, burned areas, etc. (Fig. 1) that may cause 

changes in the molecular structure of the pigments under study or may result in possible longer-term 

degradation processes [6, 7]. Such damages to the precious art samples are, however, usually not 

associated with reflectance spectroscopy, which prompted the development of a reflectance imaging 

microscope (µ-RIS) by Northwestern’s Center for Scientific Studies in the Arts [8]. 

This paper introduces the application of µ-RIS to the study of complex paint cross sections obtained on 

historical paintings. The 430-1000 nm and 10 angles acquisition (with 36-degree rotation) approach allows 

to create a spectral stack of diffuse only scattered light, thus eliminating all possible artifacts associated 

with cross section preparation. The data cube produced is then processed using a recent laboratory-

developed freely available reflectance spectroscopy data treatment tool to create pigment distribution 

maps and associated reflectance curves that can be used to identify the pigments employed [2]. We will 

present here both the main components of the spectral microscope and its application to complex multi-

layered cross sections sampled on several paintings, including Paul Gauguin’s painting 

PoèmesBarbares(Fig. 2; object number: 1951.49). The results of this non-destructive approach will be 

compared with elemental and molecular distribution maps obtained using SEM-EDX and Raman 

spectroscopy, alongside the associated beam damage on the cross sections. 
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Figure 1. Cross section taken from Gauguin's PoèmesBarbares imaged before (top) and after 

(bottom) Raman mapping. The dotted red rectangle indicates the laser beam damage associated with the 

Raman mapping. 

 
Figure 2. RGB image (left: full field of view; right: detail) of the paint cross section taken from Gauguin's 

PoèmesBarbares and (a-e) pigment distribution maps and associated reflectance curves obtained using 

NUACCESS µ-RIS microscope. Pigment identification: (a,b) vermilion; (c) ultramarine blue; (d) organic 

red/ultramarine blue purple; and (e) ultramarine blue-containing green. 
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