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Fig. 3. SEM image of the Ruggeri varnish
(10000 ). In order to better visualize the
particles, the small varnish chip was placed
in methylene chloride for 6 h, then dried and
gold-coated. The microcomposite includes a
flaky variety of CaSO, and a fibrous form
of silica of biological origin

posite made up of solid particles in
dense packing and an organic binder.
In order to isolate and identify the
crystals, the two largest varnish speci-
mens (approx. 0.2 mg) were extracted
with methylene chloride, and the result-
ing dry powder, which was about one
half of the original sample and still rich
in organic materials, was subjected to
energy-dispersive x-ray spectroscopy
(EDX). Identification was achieved by
comparing the spectra and the SEM
images with those in the SEM Petrol-
ogy Atlas [5]. Calcite, quartz (glass),
potassium feldspar, gypsum, and he-
matite were identified as major compo-
nents in both samples, but there were
many variable components in small
amounts. Only the identification of
quartz is illustrated by its EDX
spectrum and SEM image (Fig. 4).

An approximate mineral composition
was obtained for the two varnishes by
identifying and counting a large
number of particles of the most com-
mon size range (see Table 1). The small
Ruggeri and Stradivari chips were more
resistant to solvent extraction. The
minerals remained embedded in a mass
of organic coating and only feldspar
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Fig. 4. EDX spectrum and SEM micrograph of a quartz particle from the Venetian varnish.

Fuzziness of the object is due to insoluble organic coating

Table 1. High-density discrete particles from varnish residues analyzed by energy-dispersive
x-ray spectroscopy (EDX). A small section (approx. 5 mm?) of varnish from the Venetian
viola and one Guarneri cello was removed from the wood and extracted with methylene
chloride. The residues were transferred onto pure carbon stubs, and then evaporatively
coated with 15 nm carbon. The particles were examined with a JEOL JSM-35CF SEM
equipped with a Tracor Northern TN-2000 x-ray analyzer. There were also many amorphous
particles present which represented organic polymers with only traces of minerals in them

Major elements Possible identity Number found
(z>10) Venetian Guarneri
Ca calcite 64 33
Si quartz, glass 15 22
Al Si, K potassium feldspar 25 14
Ca, S gypsum 32 3
Mg, Al, Si, K, Fe biotite (mica) - 5
Fe iron oxide, hematite 10 3
Al - corundum, ruby 9 -
Al, Si kaolinite (clay) 9 1
Na, Al, Si, Ca plagioclase feldspar — 4
Ba, S barite 5 -
Zn zinc oxide/carbonate 5 —
Pb, Cl lead chloride 5 -
Zn, Cl zinc chloride 5 —
Cu, Cl copper chloride — 2
Ti rutile, anatase, brookite 4 -
Pb lead oxide, cerussite 4 -
Ca, Mg dolomite 3 -
Cu, S copper sulfate 2 -
Ag, S argentite 2 -
Al, Si, Mn spessartine garnet 1 -
Sn cassiterite - 1
Mg, Si, Fe olivine - 1
Cu copper oxide/carbonate - 1
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could be isolated so far. We can only
surmise, mainly on historical grounds
that the organic binder could be amber
in a linoxyn-type polymer, since this
would be largely insoluble.

It would be impossible to explain our
findings by accidental contaminations
[6] or incomplete filtration of drying
agents [7] as the presence of minerals
was interpreted hitherto. The crystals
are the main component of the varnish,
and their composition is remote from
any soil or dust both in chemistry and
size distribution. In addition to being
transparent, the majority of the crystals
have refractive indices between 1.5 and
1.6, which range also corresponds to
the one of the organic matrix. Thus the
varnish remains relatively transparent
with just enough dispersion and dichro-
ism to lend it the characteristic “fire”
which is absent in all modern homo-
geneous varnishes.

From what we know about the superior
mechanical properties of composite ce-
ments and polymer composites [8], we
expect to find more than a decorative
role for the antique varnish after its re-
surrection. A composite varnish could
combine the pliability of a linseed oil
polymer with the toughness of its min-
eral and amber particles. Its higher den-
sity could be a major factor in de-
termining not only the overall damping
characteristics but also the stress-strain
behavior of the violin plates. The im-
plications of this composite structure to
the acoustics of the violin are too
numerous to be discussed here, but the
propensity to microcrack formation
should be mentioned as a predictably
important material property. Ob-
viously, there is a wisdom to be learned
from Renaissance chemists, and further
exploration of their work could be re-
warding for both science and culture.

We are deeply indebted to R. Morel, P.
Katz and F. Proudfoot for the
authentic samples and to E. M. Ro-
senthal for a research grant.
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Anomal hohe 3C-Gehalte in gelostem Bicarbonat von
Grundwiissern im Umfeld einer Altmiilldeponie
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Ziel der Untersuchung ist es festzustel-
len, ob sich die Kohlenstoffisotopenzu-
sammensetzung des Bicarbonats in Sik-
kerwassern aus Altmiilldeponien dazu
eignet, den EinfluB einer Altablagerung
auf das Grundwasser nachzuweisen.
Vor Inkrafttreten des Abfallbeseiti-
gungsgesetzes (Deutscher Bundestag
1972) wurden Abfille jeglicher Art
meist ohne Genehmigung und Kontrol-
le bevorzugt in Geldndedepressionen,
z.B. stillgelegten Steinbriichen, ehema-
ligen Ton-, Kies- und Sandgruben usw.,
abgelagert. Diese als Altablagerungen
bezeichneten Miilldeponien sind in ih-
rem Chemismus sehr komplex. Neben
chemischen, biologischen und physika-
lischen Vorgingen im Miillkérper ha-

Naturwissenschaften 75 (1988)

ben der Wasserhaushalt der Deponie,
die Beschaffenheit des Untergrunds so-
wie die Verdichtung und Zusammenset-
zung des abgelagerten Abfalls einen we-
sentlichen EinfluB auf eine Beeinflus-
sung des Grundwassers durch Sicker-
wasser.

Ungeféhr 35 —40 % des Abfalls sind in
solchen Deponien organischer Natur
[1], ein Grofteil davon unterliegt dem
biologischen Abbau. Dieser Abbaupro-
zef} verlduft in drei Phasen [2]: Hydro-
lyse und Fermentation, Sdurebildung,
Methanbildung. Bei einem vollsténdi-
gen Abbau der organischen Stoffe ste-
hen am Ende Methan und Kohlendi-
oxid. Wéhrend Methan den Miillkérper
vorwiegend durch Entgasung in die At-
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mosphére verldfit, wird Kohlendioxid
zum grofiten Teil iiber das vereinfacht
dargestellte Gleichgewicht

CO, + H,0 2 H,CO, 2 H* + HCO,~

gelost und kann mit dem Sickerwasser
aus der Deponie das Grundwasser er-
reichen. Im Kontakt mit dem Abfall-
korper, aber auch mit den Boden-
schichten, kénnen dariiber hinaus car-
bonathaltige Bestandteile iiber die Pau-
schalreaktion CaCO; + CO, + H,O
— Ca’* + 2HCO;~ mobilisiert werden
und ebenfalls das Grundwasser errei-
chen.

Im Untersuchungsgebiet liegen zwei
Altablagerungen benachbart in ehema-
ligen Sandgruben. Hauptsichlich wur-
de Hausmiill abgelagert mit einem ge-
wissen Anteil an Sondermiill (ca.
30 %). Im Bereich dieser Altablagerun-
gen wurden 18 Grundwasserbeobach-
tungsrohre beprobt. Diese relativ hohe
Zahl von MeBstellen machte das Gebiet
zum idealen Untersuchungsobjekt. Der
Untergrund besteht aus pleistozénen
Lockersedimenten, bis zu einer Tiefe
von ca. 6 m aus Fein- bis Mittelsanden,
gefolgt von einem recht unterschiedlich
méchtigen Geschiebemergel und
schlieflich aus michtigen fein- bis
grobsandigen Schichten. Oberhalb und
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