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Abstract

One of the challengeable problems of the archaeological wall paintings in Egypt
Is the black crusts that formed on the paintings' surfaces. According to the
literature, black crusts appear in different shapes of regular and irregular layers
depending on the host place's formation and microclimatic environmental factors.
The danger of the black crusts phenomenon resides in distorting the beauty of
historical paintings and unique valuable places of economic importance. This
black crust phenomenon appears clearly in the Bannentiu tomb, an ancient
Egyptian tomb back to the 26th dynasty in the Bahariya oasis, one of the main
iron ores in Egypt's western desert. The black crusts are attributed to the high
content of Fe and Mn oxides and oxyhydroxides components in the sandstone
host rock formation as cement materials. The present study aims to analyze and
categorize the chemical composition and mineralogy of the black crusts formed
on the wall paintings of the Bannentiu tomb. Nondestructive investigations were
carried out for the collected samples using optical microscopy, XRD, XRF, AFM,
FTIR, color Spectrophotometer, and SEM—-EDX analyses. The observed results
indicate that silica, iron, manganese compounds, clay minerals, and other
remaining elements classify the black crusts as one of the rock varnish species.

Moreover, the study proposes a model formation for the rock varnish on the
Bannentiu tomb wall painting. The proposed simulation relies on high ratios of
Fe and Mn in the host rock and the microclimatic factors that cause the migration
of these elements to the surface, with the oxidization factors giving rise to oxides
and hydroxides' low crystallinity. In the practical part of the study, the study of
the formation of iron oxides and the mechanical damage that occurred through
them by various methods, according to previous studies and the diagnostic study
results. And the effect of the multiple mechanics and compositions of rock
varnish on wall paintings' samples and the deterioration of pigments under study.

Furthermore, the microbiological aspect of the study, where microorganisms
were grown in multiple environments, separated, and purified, identified
microorganisms from swabs that were taken from the surfaces of murals. The
final part of the experimental study includes Conservation methods,
interventional and preventive treatment of murals and layers of rock varnish. At
the end of this study, recording, documentation, sterilization, cleaning, and
conservation of the Bannentiu tomb were carried out due to the results of the
experimental studies.
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Description

Iron Mineral Diversity, according to (The Mineralogy of Iron, 2021)
The percentage of associated elements with manganese in known earth
minerals according to IMA — source data obtained in (IMA Mineral
List, 2021; List of Minerals, 2011).

Proposed models of rock varnish formation. (A) Abiotic. (B)
Polygenetic clay—bacteria interactions. (C) Microorganisms and
organic remains. (D) Silica gelling. (Dorn, 2013)

Rock varnish types according to Macholdt. (Macholdt et al., 2017).
Bannentiu tomb wall paintings with black and brown crusts in 1,2, and
3. (4,5,6) Scanning electron microscope images by (Kamh et al., 2013)
clarifying iron oxides, quartz, clay minerals, and feldspar minerals of
the crust.

USB digital microscope images according to the researcher's field
study for the fallen pieces in the ground of the tomb. The figure shows
the red pigments integrated with gypsum and black crusts, blue
pigment decreasing, and black crusts overlapping yellow pigments and
sandstone

Detail of Tanwetamani's tomb is disfiguring mold stains by (Hatchfield
et al., 2020).

Color enhancement filters were used in D-Stretch to analyze imagery
from Qalhata's entrance chamber. The analysis indicates modifications
to the original design and potential anthropogenic damage
(Therkildsen, 2015)

Building of the Smithsonian Institution, Close-up of rock varnish
crusts on the Seneca sandstone fagade of the Castle (Sharps et al.,
2020; Vicenzi et al., 2016).

SEM-EDS images of rock cross-sections treated with rock varnish. a
Quantified Mn map overlaid over a backscattered electron picture Qtz
quartz, Pl plagioclase feldspar, Afs alkali feldspar, Bt biotite, Ttn
titanite, Hem hematite, Cly clay, and Ap apatite are some of the
minerals found. The RGB overlay components model the
hyperspectral x-ray data set. Component spectra linked with red (Al-
rich phase), green (Mn-rich phase), and blue (plagioclase) component
pictures are shown in the inset(Sharps et al., 2020)

Samples of the rock art petroglyphs at La Proveedora site:
Anthropomorphic, Zoomorphic, and Geometric figures(Martinez-
Pabello, Villalobos, et al., 2021).

The rock varnish results in SEM observations. A) Transversal portion
of the rock varnish layer and underlying granite. B) The rock varnish
covering has a laminar structure parallel to the underlying granite
surface in the transverse slice. C) Deformation and bending of laminae
in the rock varnish layer. D) Varnish coating at higher magnification;
globular structure of each microlayer(Martinez-Pabello, Sedov, et al.,
2021; Martinez-Pabello, Villalobos, et al., 2021).
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