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Abstract

he study aims to know the durability of carbonate rocks used for

construction purposes in Nineveh Governorate, its texture properties
and some of its indicative physical properties, and identify ways of
protection for limestone through a proposed protection material in
accordance with excellent economic feasibility in terms of its availability
and low cost, and to achieve the return of the rocks of the two
archaeological cities of Nimrud and Hatra through histological
comparison with the search area samples.

The study included two main axes, the first: a field, represented by a field
survey of the research area and identification of samples and all approved
field characteristics, especially with regard to the thickness of the
productive layers ranging between (2.5-0.7 m), as well as the contact
surfaces and cover sediments. As for the second axis, it is represented by
laboratory and office work, which is the study of thin sections to identify
and classify the types of textures and classify them according to the
classification of both Folk and Dunham, as they have a direct impact on
the physical and engineering properties of the rock, determine the
proportions and type of rock components using geographic information
systems (GIS) software, and conducting mineral analyzes to identify the
constituent minerals by It has been studied through staining and x-rays
diffraction, and it was found that the site rocks consist mainly of the
mineral calcite, with the exception of the Ain Al-Safraa (Ai3) It consists
of the mineral dolomite, It consists of the mineral dolomite,
and calculating the Insoluble Residue ratios, which ranged between
(3.354 - 15.615), and the loss on Ignition, which ranged between (36.165 -
44.011).

The results obtained from the microscopic analysis between the samples
of Hatra and Nimrod archaeological sites with the rest of the samples to
determine their return through the histological and phylogenetic
congruence and the petrographic evidence showed that the site of the
Sittila sample (Baghdad Street) (St) corresponds to the archaeological site
of Hatra (Z3), while the yield of the sample The archaeological Nimrud
(city wall) (Z2) from the sample of the Al-Safena site (Sf), and the sites of
Seeno and Abu Nei (Ab, S2, S1) were identical. With the archaeological
sample of Nabu Temple (the ancient city of Nimrud) (Z1), it was
excluded due to the spatial dimension and the presence of natural
obstacles such as the Tigris River.

The triangular network (DSP) was used through some of the significant
physical properties (porosity P, Apparent Specific gravity S, density D) to
determine some other physical properties and to determine the strength of
the rocks of the research area and classify them geometrically according
to their suitability in the different parts of the building. It was found that
there 1s a variation in the values of the physical properties. For the studied
area samples, this variation is the result of the difference in the rock
texture and the Diagenesis processes that the rocks have been exposed to.
The average of the specific weight values was (2.489) for the calcareous



samples thereof, and there is a variation in the values of the rates of
porosity and density (22.459) and (1.934 g/cm®) respectively. The
absorption rate ranged between its lowest value in the marble sample (M)
which reached (0.366 %) This is because it is a metamorphic rock with
low porosity and high density, and the highest value for it in Abo Nei
samples (Ab), which amounted to (19.229 %), while the results of the
saturation coefficient (Sc.) Ranged between ( 0.999 - 0.335%).

The soundness and durability of the study area rocks were studied using
saturated sodium sulfate solution, and determining of the damage
mechanism by these salts and their aggressive manifestations due to the
pressures imposed upon their crystallization on the walls of the pores of
this type of rocks were described, and the appearance and development of
these pressures were described during the stability examination. The study
area samples were classified into four groups depending on the extent of
their weight loss for each five cycles of the stability test which ranged
between (very weak - very strong). Due to the effect of mechanical
compression on the rock texture, which leads to the convergence of the
granules with each other, it works to reduce the pores, and thus the
percentage of absorption of solutions saturated with salts decreases, which
inevitably leads to a high stability of the rock, and the results of all these
textile, physical and elongation properties are linked within mathematical
and statistical relationships, the main component analysis was analyzed as
well as the factor analysis to describe the variance between the observed
and related variables in terms of a small number of variables in order to be
discussed and explained.

After identifying the extent and appearance of the accidental damage to
the rock, all the factors that lead to the damage and degradation of
limestone were addressed, which required identifying possible methods
for treating limestone and protecting them from these factors. Decorations
such as statues and monuments are of small scale and within excellent
economic viability. Therefore, two different and contrasting patterns were
selected in physical, texture, and elongation properties, as well as in pore
size. The proposed protection material has proven to stop the degradation
of the rock and reduce the absorption rate from (9.739) to (2.859) for the
Badush (B1) sample, which has very fine pores. These pores stimulate the
activity of the capillary property of the passage of water and solutions.
The penetration of the protective material of very fine granular size into
the pores of the rock works to obstruct and prevent the entry of water and
solutions into the rock, thus working to prevent and greatly reduce the rate
of absorption. Another aspect of protection for this proposed material is to
stop the extension and development of fractures and the outcome of the
same sample affected by examining artificial aging before applying
treatment with this material. The length and direction of the fracture was
observed before treatment, and then the treatment was carried out by
coating the cubic sample with the proposed protection material. It was
noted that the growth and development of the fracture stopped When the
artificial aging test was repeated, this also helped us in evaluating and
determining the efficiency and quality of the proposed protection material.
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