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Abstract

Damage to cultural artifacts after discovery occurs due to various factors. One of these
harmful cases is moisture originating from underground water, which appears as soil
moisture, and over time, due to the oxidation process and the salts and ions in the water,
as well as the incompatible pH of the environment with the texture and construction
of the artifacts, it aggravates the process of destruction. In line with the mission of
archacometry as a bridge between archeology and other sciences, hydrogeology is used
in this study in order to protect ancient artifacts. Iron Age Museum of Tabriz is located in
the central area of the city and among the young Quaternary sediments that form the free
aquifer of Tabriz. Underground water is one of the main factors causing corrosion and
decay in the bones in this museum site. There are various solutions for lowering the water
table locally, which according to the location coordinates and technical requirements of
the site, the best method is to use underground water pumping. In this study, by using
the available data in the study zone which is taken from the Tabriz urban train project
and the data obtained from the Regional Water Company of East Azarbaijan, by using
computer methods, the appropriate amounts of water pumping have been simulated
according to the optimal water level drop and We define the placement of bones in a
dry position. The use of new sciences for archeometric purposes is the main goal of this
study and an attempt is made to solve the problem of destruction of ancient bones by
establishing this connection.
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Introduction

The discovery of ancient bones belonging to the Iron Age of the first and second
millennium BC in the area of Tabriz Blue Mosque in 1997 is an important event in the
field of archeology and ancient anthropology in Azarbaijan. When this ancient area has
been discovered, studies have been carried out in the fields of dating about these bones
and studies related to the origin and the migration (Kasiri, 2019) and the conservation
and restoration of the graves in the I[ron Age Museum area in 2016 was carried out by
Majidi and Razani. In recent years, the effect of humidity on buried organisms in the soil
has been the subject of many researchers’ studies. Soil moisture can play an important
role in decomposition (Swift et al, 1979). Fluctuations of groundwater in the soil is one
of the most important factors affecting microbial activity in the field conditions (Lund
and Goksoyr, 1980). Iron Age Museum of Tabriz is located in the central area of this
city and among the young Quaternary sediments that form the unconfined groundwater
aquifer of Tabriz. Tabriz aquifer has an alluvial nature, which has expanded as a
result of the Mehran Rood River flowing in its ancient path and creating numerous
meanders during geological time. Hydrogeology as a new branch of earth sciences
and engineering studies the condition, behavior and hydrological characteristics of the
layers of the earth. As a porous environment, the basement contains soil grains, and the
empty space between these grains can be saturated with water and provide a path for the
flow of groundwater. The voracity of water movement in the basement compared to the
surface currents is very low and varies from a few centimeters per year to several meters
per day. Due to passing through various minerals and rocks, groundwater often has a
significant amount of different solutes and has relatively high electrical conductivity
(E.C). These solutes can cause a lot of damage to cultural works by sedimentation or
crystallization in case of evaporation of groundwater. The climatic conditions of each
region are different in the occurrence of damaging moisture factors and their effects in
different seasons of the year (Nawai, 2016). The amount of humidity in the environment,
which can cause destruction due to freezing with the participation of the temperature
change parameter, will cause serious damage due to the transport of new solutes and
sedimentation at each stage and the recrystallization of previous sediments. In addition
to the above, the penetration of moisture through underground water can change the
pH of the environment, and this change causes the destruction of cultural works by

increasing the acidity.

Discussion
Iron Age Museum of Tabriz, as a result of its archaeological excavations, 108 graves
were identified, based on the typology of pottery and metal artefacts and the method

of burial and comparing them with the collections discovered from the excavations of
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Hassanlou Hill and Dinkhah Tepe, dating from around 1200 to 800 BC and the period of
Iron Age I and II have been estimated for them, which of course is relatively consistent
with the results of carbon 14 dating of these sites (Hojbari Nubri, 1381 and 1383). Its
cultural, historical, social and economic nature, along with the aesthetic quality and
historical and cultural importance of that area; The type of constituent materials and the
composition and method of construction of the works found in it, the value, validity and
information and messages hidden in those findings and how they are used are valuable
documents of its cultural heritage collection. These works, mainly from archaeological
excavations, have been obtained over several years, and their preservation in relatively
inappropriate conditions has led to the progress of damage caused by the burial of
these objects in the ground, and after a rather long period of time, they will disappear
(Bagherzadeh Kasiri, 2016, 8). Based on the studies of Tabriz Urban Railway line 1,
water level data is available near the study area of Asr Ahan Museum site, and according
to the principle that the groundwater level almost follows the topography, it is possible
to estimate the groundwater level in The location of the museum was found. For this
purpose, the water level data was collected in the study boreholes near the study area
(Table 8) and the map of the ISO lines of ground water in the study area was drawn (Fig.
10). It is necessary to explain that ISO lines or equipotential lines of groundwater are
curves on each of these curves, the level of ground water has the same values and the
map of parallel lines shows the changes of the level of ground water in the study area. It
is possible to draw this type of map both manually and by using software that allows for
interpolation and drawing. Next, modeling of groundwater drawdown due to pumping
from the extraction well was done using GMS software version 16.4. For archeological
stratification, before installing the drilling machine, a manual well should be dug to the
desired diameter and to the depth of the ground water, and after reaching the depth of
the underground water, the drilling machine will continue drilling from inside this well

until it hits The stone should be foamed.

Conclusion

The Iron Age Museum site of Tabriz is one of the prominent sites in the northwest of the
Iran, which is facing major problems due to the groundwater infiltration. This research
uses information and data of the studies of the aquifer of this region with taking account
to the problem of how to intervene in the ancient sites. It has provided a solution to
deal with the problem of groundwater in order to reduce its flow, and in this regard,
by introducing the place of preliminary evaluations using speculation and Finally
suggests a piezometric well to start working in this area and control the groundwater
level. Noting that the change of seasons and amount of rainfall can affect the condition

of groundwater to some extent; Therefore, by changing the flow rate and duration of
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pumping, other values of drawdown can be achieved. For this reason, it is suggested
that if the plan is implemented, a piezometer well should be drill as close as possible to
the museum site so that the condition of the groundwater as well as the amount of its
draw done due to pumping from the extraction well can be under immediate control.
To prevent the water used in the green space and other uses of the museum site from
returning to the area of ancient graves, drainage channels should be used between the

area and the main space of the museum.
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Fig. 1: The extent of the Tabriz Iron Age Site-Museum, with the museum located at a lower level than the
surrounding base level (Authors, 2023).
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Fig. 2: Schematic map of the Tabriz Iron Age Site-Museum (Authors, 2023).
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Fig. 3: Use of moisture-absorbing materials inside the graves (Authors, 2023).

Lo lawe 80000 dloul (¢l i Loyl sy 0y 1505 ¥oC 390> U baueo (lod g duwyy A0 (YL
Soul g g Sis ylas 0y (glgn 5 g odalive (ylae ,S13)lg0 45650l ;3 13T £35,5, o
%0 YA codlide) )05 093 g 50,5 BT gy oSoid (slo sl

‘ W g, 93080.Y

29U e digo g IS 51 8Ly sl sladosls (I
Gy o y B ) s Slalllae 4 bgsye (slaodls -
(Sl 33905 ;3 Wil g b deiis ol (claools -



|| N || st et e e e s s iolien s St |

A8 QB15,85) 52715 0]y §j50bus 158 (531ua5 03)520 (G930 i B3] )5 sy o ¥ IS
Fig. 4: Growth of microorganisms on the walls of several graves at the Tabriz Iron Age Site-Museum (Authors,
2023).
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Tab. 1: Geographical coordinates and corrected elevations for key points (Authors, 2023).

z y X - Spatial point - S\ alass
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1406 4214840 614261 D
1407 4214767 614248 E
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Fig. 5: Geological cross-section of the study area, along Imam Street, Mansour Crossroad, and Saat Square
(Authors, 2023)).
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Tab. 2: Spatial coordinates, elevation levels, and addresses of boreholes (Geotechnical Studies of Tabriz Metro
Line 1, Sahand Research Consulting Engineers, Volume 4: 12)

o Z(m) ¥ (m) X (m) Bor:}:sl: j::nber
YWSERUBIIES 1410.8 | 4214549.3 614515.8 BH-8
sgaie ol )sloz 1410.0 | 4214559.6 614449.0 BH-9
Gy o)l i — plol LS 1402.2 | 42147599 613945.0 BH-10-1
B ol iz = plol Lls 1402.1 4214764.0 613932.9 BH-10
Wdgade 428 (S9)hg) — plel (LS 1398.0 | 4214833.0 613560.5 BH-11
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Tab. 3: Technical specifications of boreholes (Geotechnical Studies of Tabriz Metro Line 1, Sahand Research
Consulting Engineers, Volume 4: 13).

(M) Goospj el Gos (M) CdplGos (M) GloS Gos aileS U
12 30 30 BH.S
13.5 30 30 BH-9
10 30 30 BH-10-1
10 30 30 BH-10
9 30 30 BH-11
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Tab. 4: Permeability test results based on metro reports, boreholes (Geotechnical Studies of Tabriz Metro Line 1,

Sahand Research Consulting Engineers, 2018, Volume 4: 19).

Cm/S (5139398 ohslejl as | Bylesd fm/s S 23y dgd Dhslej] Goe | Bylewd
owl,L | el (m) &S oWl | el (m) wles
2.9:103 2.7+10°3 4-6 - 1.6:10° 0-3

- 2.1:10* 6-8 - 6410 3-6
6.6+1073 1:10°7 8-10.5 - 1.5+1073 6-8

Uinlejl plogl Sl pac 10.2-13.2 Uinlejl plogl ISl pae 8-10
R 103x9.1 18.2 FB}PO' Uialojl pbol oISl pae 10-12
R 10731 20 - 1073x4.1 12-14 FBH-1:
R 103x4.8 21.9 - 103x3.6 14-16
R 10%x9.2 25 - 10°x1.8 16-18
R 104<8.7 25-27.2 - 10°x1.9 18-20
3.2x10* 10x6 27.2-30 - 10x9.8 24-26
R 103x3.8 5.7 - 10°3x2.4 26-28
R 103x3.1 7-10 Liabojl plol oISl pac 28-30
- 5.10° 10-12 - 2.6.10° 4-6
- 4.7.103 | 12-14.25 - 2.8.107 6-8
- 8.10* 14.25-16.2 FBH-9 - 5.0.103 8-10
Uilejl plol (ISl pac 16.2-18 - 5.107 10-12
Shalejl plosl i8Sl pas 18-20.5 - 44,103 12-14
- 10°3x2.4 3 - 6.541073 14-16 FBH-8
- 10313 | 23.3-26.4 Sialel plol lSel pas 16-20
R 10%<1.6 26.4-28 Uinlel plosl 1Sl pae 20-22
- 14410 28-30 Uirlejl plosl ISl pac 22-25
- 2.6:10* 25-27
- 2.2,10° 27-30
Uinlejl plol Sl pae 8.8-10
Uinlojl plosl ISl pac 10-12
- 4.4.10"* 21-23 FBH-10
- 9.8.10* 26-28
- 9.8.10* 28-30
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Fig. 6: Placement of water resources adjacent to the Tabriz Iron Age Site-Museum area, output of ArcGIS
software (Authors, 2023).
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Tab. 5: Results of chemical analysis on the saturated extract of soil samples (Geotechnical Studies of Tabriz Metro

Line 1, Sahand Research Consulting Engineers, 2018, Volume 4: 28).

e . CL- S042-
&los m
(m) goe ppm ppm
BH-8 24.6-25 443 200
BH-9 17.6-18 53.2 300
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Tab. 6: Results of chemical analysis on groundwater (Geotechnical Studies of Tabriz Metro Line 1, Sahand
Research Consulting Engineers, 2018, Volume 4: 28)).

- 2
Gles pH CL SOy
ppm ppm
BH-9 8.0 1207 3400
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Fig. 7: Terms related to volumetric and weight relationships in the soil sample (Asghari-Moghaddam, 2010: 20).
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Tab. 7: Results of soil moisture content tests (Geotechnical Studies of Tabriz Metro Line 1, Sahand Research
Consulting Engineers, 2018, Volume 4: 26(.

S ol § 125243905 Gos Cagh, o5 S ol S12p4i90d Gos Cagh, oy
(%) ()
1.7-2.0 17.0
6.7-7.0 16.1
1.7-2.0 15.5 9.6-10.0 162
3.7-4.0 133 20.15-20.5 15.8
BH-8 7.7-8.0 79 BH-9 23.0-23.3 14.5
11.7-12.6 7.9 29.6-30.0 202
24.6-25.0 14.9
2023 18.4
8.4-8.8 19.8
BH-10 10.6-11.0 38.7
223226 16.0
27.6-28.0 202
29.70-30.0 14.4
16-1.9 192 2326 16.7
420-4.50 18.8 7.6-8.3 18.8
9.50-9.90 34.8 9.70-10.0 21.0
113-11.6 21.9 11.70-12.0 17.0
12.8-132 218 BH-11 13.70-14.0 182
BH-10-1 15.1-15.5 16.2 16.80-17.0 16.5
17.8-18.20 16.4 18.90-18.90 211
19.75-20.0 20.5 20.50-20.90 14.9
21.6-21.9 18.7 29.60-30.0 15.1
26.8-272 19.5
28.9-29.25 16.5
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Tab. 8: Groundwater levels of boreholes (Geotechnical Studies of Tabriz Metro Line 1, Sahand Research

Consulting Engineers, 2018, Volume 4: 13).
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Fig. 8: Groundwater contour lines in the study area of the Tabriz Iron Age Site-Museum (Authors, 2023).
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Fig. 9: Average groundwater level variations in two study boreholes (Authors, 2023)
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Fig. 12: Initial groundwater level in the Tabriz Iron Age Site-Museum area (Authors, 2023)

glil g yasse dati )3 (cinagpm; ol s dpliio L 1105300 (g5 B jldie S
oyge ol Jome 53 plasdyge cudl JBlas g axslog jlade oyl ey 4o o0 el (315295
b ab S 18305 5 10) (05 axb ol il b ey o e 45 (g luko)

S (W S oy o youS s 31 oolianl L 26399 (omoipey bty S -0
0 3bdde bl 5o (OF JSC8) ) (e ol 4l oo e 4b s ol
ool ounlin L

AR (B 155) «Glaar 51 ) (shraiys ol ddgl by g WY JS
Fig. 13: Direction of initial groundwater flow (before pumping), (Authors, 2023).
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Fig. 14: Groundwater level in two states: before pumping (a) and after pumping at a rate of 20 liters per second
for one day (b), (Authors, 2023).
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Fig. 15: Schematic diagram of the extraction well and stratigraphy well (Authors, 2023).
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Fig. 16: Proposed location for well drilling in the southeastern part of the Tabriz Iron Age Site-Museum (Authors,
2023).
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Fig. 17: Rainwater drainage channel next to the proposed location for well drilling (Authors, 2023).
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Fig. 18: Placement of the piezometer relative to the pumping well at a distance of 50 meters (Authors, 2023).
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