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The sometimes limited availability of precious parchment in medieval times led to a common prac-
tise of reusing old books by erasing the writing and preparing the parchment to be written upon 
again. In these cases of parchment reuse, the previously written text was erased either mechanically 
by scraping it off or chemically by means of bleach or other reagants. Obviously only thorough me-
chanical scraping completely removes the original information from the parchment. This procedure 
of reusing parchment produced so called palimpsests (from Ancient Greek palin "again" and psao 
"I scrape"). Since Late Antiquity, scribes used iron gall ink when writing on parchment since such 
ink was fairly easy to produce and produced durable writing on this material. 

In many cases, the removed writing was, is or could be of great interest to modern textual scholar-
ship. In the 19th century, chemicals were often used in an attempt to make the erased writing vi-
sible again. This worked fairly well when the text had been removed by bleaching. However, expo-
sing manuscripts to chemical treatment to recover previous layers of writing has been considered 
too invasive a method to allow it on this kind of cultural heritage for many decades now, especially 
considering the damage done by these early attempts at recovery. 

Acceptable standard modern techniques rather include photographic imaging, in particular with ul-
traviolet  light. On the Archimedes Palimpsest [1], the technique of hard x-ray fluorescence was 
first used to make the iron of the hidden iron gall ink script visible. In this successful recovery of a 
hidden script, it was shown that scanning with high flux x-ray light to measure the local x-ray fluor-
escence minimizes possible damage or wear on the parchment to acceptable levels [2]. 

The iron used for iron gall ink contained several impurities of other metals depending on the origin 
of the iron. Additionally copper and zink vitriol was often added to the iron vitriol in the process of 
the iron gall ink production. When trying to recover script in iron gall ink hidden beneath other wri-
ting in iron gall ink, these impurities have proven to sometimes be of greater value than the domi-
nant iron distribution [3]. In order to evaluate the x-ray fluorescence investigation technique for the 
recovery of erased writings, a cooperation of the University of Hamburg, the University of Leipzig 
and the HASYLAB experimented with x-ray fluorescence element mapping on palimpsests. 

The experiments were performed at DORIS beamline L with photon energies of 7.2, 16.5, 18 and 
25.6 keV, using a mar345 detector to detect the x-ray fluorescence. Scanning in continuous mode, 
the resolution was 70 m vertically and 100 m horizontally, while the data acquisition rate was 7 
Hz. The experimental hutch was conditioned to 20 degrees centigrade at a humidity of 50%. 

Several previously investigated palimpsests were reinvestigated in order to estimate the possibili-
ties of increasing the readability of the different element maps when tuning the excitation energy 
towards certain absorption thresholds. Obviously the absorption cross section for light of a specific 
element is higher when exciting directly at an ionization threshold than far above it, but it was un-
clear whether this would lead to a noticeable increase in readability of the contrast maps in the ca-
ses at hand. Especially when considering use of mobile sources with only slightly tuneable x-ray 
excitation energies, it is most relevant which excitation energy produces the most element maps 
with good readability. 

The upper text of one investigated palimpsest (shown in figure 1) is a 12th century Menologion (an 
orthodox monthly service text). The iron gall ink used there and that of the underlying writing were 
quite different in their trace element distributions and had been shown to deliver decent element 
maps even for some of the dilute metal impurities in our previous measurements. 



 

Figure 1:.(a) Experimental setup: 
The palimpsest is mounted on a 2d 
stage 45° to the incoming x-ray 
beam, while the fluorescence de-
tector is mounted at 90° to the in-
coming beam. By moving the 2d 
stage the parchment can be scan-
ned, and at every 100 m one spec-
trum is taken. 
(b) Photograph of front and back 
side of a small fragment of one in-
vestigated palimpsest. 
(c) The corresponding element 
maps of the part of the parchment 
depicted in (b) at 3 of the used ex-
citation energies. Of the 6 elements 
shown, Mn is the most dilute in the 
samples and shows best redability 
at the lower excitation energy, a 
finding even more pronounced for 
Ca. With 7.2 keV excitation energy 
the Cu and Zn fluorescence only 
falls within the soft x-ray regime 
and is not detectable in air. 

The measurements have shown 
that in the case investigated, a 
better contrast for the light ele-
ments such as Ca, K and Mn 
can be achieved by tuning the 
beamline to lower excitation 
energies. If one had to choose 
one fixed excitation energy for 
such an element mapping expe-

riment, our best results turned out to be at 16.5 keV excitation energy. 

Further investigation is planned to make full use of the potential of the x-ray fluorescence element 
mapping technique for visualizing erased writing, and to assess the feasibility of and requirements 
for creating a mobile measuring system and some calibration standards for quantitative ink analy-
sis. 
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