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Abstract:

Some archeological studies in order to identify and introduce the natural mummies so-called Salt
men discovered in the Chehrabad salt mine in Zanjan in western Iran and how to preserve them
before 2010 are the contents of this article. These artifacts were first discovered accidentally in 1993
and 2004, and then by conducting archeological excavations. Methods used in these studies include:
carbon 14 dating, radiographic imaging and CT scan, DNA molecular studies, 13C and 15N isotope
analysis, trace element analysis by ICP method. The results of studies showed that these bodies with
different ages belong to the Achaemenid and Sassanid periods, which were buried there as a result
of mine collapse in the above historical periods. In addition, the study of the salt men decay process
showed that relative humidity and its fluctuations are one of the most important environmental
variables affecting this process and the threat to these properties. Periodic inspections and
monitoring and biological tests (fungal and bacterial tests) showed that the method of preventive

conservation has been the best and most effective method to preserve them.
Keywords: Salt men, Chehrabad Salt mine, Natural mummy, Archeometry, Preventive

conservation .

Introduction

Some three decades have passed since the discovery of the salt-man, the first natural-historical
mummy, at Zanjan Chehrabad Salt Mine in 1993. This mine is located in the province of Zanjan, a
city in the west of Iran and at the altitude of 1350 m from the high seas with the coordinates of E47
51 25 and N36 54 52. From 1993 until today, neatly three decades later, the remains of at least eight
bodies, all of them called salt men, have been discovered there. The first two Salt men were
discovered accidentally in 1993 and 2004 and then during archaeological excavations in 2004 and
2005 (salt men No. 3, 4 and 5) in this mine. Also, other human remains (salt men No. 6, 7 and 8)
were discovered and identified which during the archeological excavation undertaken from 2010
onwatds which went beyond the temporal scope of the present study [1-5]. Physically-speaking, the

salt men no. 1 and no. 4 are among the most unique mummies discovered .
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Materials and Methods

As some questions had been raised about theses mummified corpses, the present interdisciplinary
study was conducted to get more information about the salt-men and disclose the secrets hidden in
their presence at the salt mine on the one hand and to understand the procedure for their
conservation and preservation. The date of these properties was determined by applying carbon-14
dating through the AMS technique. The radiographic imaging and CT-Scan were applied for the
pathology as well as determining the age and gender of the salt men no. 1 and no. 4. DNA
molecular studies on the torso of the salt man no. 1 and his shin contributed to identification of a
corpse. Additionally, an investigation was undertaken to analyze the 13C and 15N isotopes existing
in the soft tissues and the hair of the salt-men to specify their diets. The analysis on the trace
elements existing in the hair of the salt man no. 1 was conducted via ICP. Furthermore
environmental monitoring, field survey and microbiological studies on the mummies, were the

considerations in line with their conservation .

Results and Discussion

The results of carbon-14 dating revealed that these corpses belong to historical periods of
Achaemenides and Sassanid empires (Table 1 and 2) [13, 16]. DNA molecular studies on the torso
of the salt man no. 1 and his shin showed that they are contributed a corpse. Physical positions of
corpses at the burial time and types of damages (Fig. 2 and Fig.3) sustained by them revealed by
radiographic imaging and CT-Scan indicated that the cause of their deaths had been the collapse of
the mines in the aforesaid historic periods that resulted in heavy pressures on them due to falling
slat stones and numerous fractures inflicted on their skeletons (Fig. 4 and Fig. 6). The CT-Scan and
analysis on the trace elements existing in the hair of the slat-man number 1 (Table 3) revealed that
he was a middle-age man (around 40 years old) and the salt man no. 4 to be 15 or 16 years old boy
(Fig. 5) [14]. Analyzing the 13C and 15N isotopes existing in the samples taken from these
properties and comparing them with the control cases suggested that their diets were something
close to a marine diet (Table 4 and Fig. 8) [16, 18]. Given the geographical location of the mine and
its distance from the seas (Fig. 1), one could conclude that these individuals were not form the local
community; however, proving this point required further information and experiments.
Investigating the decay process on the salt men’s bodies [19-21] that covered not only their bones
and soft tissues but also various objects such as different types of textiles (cloth, leather and skin of
animals) and metals (iron and silver), indicated that the relative humidity was one of the most
important environmental variables affecting this process and it was considered to be the main
threat for these properties. Using the silica gel not only contributes to controlling the moderate
moisture inside the showcases of these properties [23], but also is influential in absorption of gas
pollutants emanating from the construction materials. Periodic monitoring and biological tests
(fungi and bacteria) on the salt man no. 1 revealed that various parts of the torso and shins inside
the boots were free on fungi. However, some aerobic bacteria were found in the boots (Bacillus
Coagulans) and torsos (Acinetobacter spp, Staphylococcus epidermidis, and Staphylococcus
aureus). Therefore, results of studies indicated that the preventive conservation used for these items
over a petiod of 8 years had preserved them safe at Iranian National Museum in Tehran (Fig. 9).
The same preventive conservation method was utilized for other salt men in the city of Zanjan (Fig.
10 and Fig. 11). The showcase for the salt man no. 4, the most intact mummy, together with its
accompanying items was designed in a way to control the micro climate inside the showcase and
concurrently to remove pests such as insects and micro-organism inside via creating low-oxygen
environment through injecting nitrogen or CO2 inside the showecase, if required (Fig. 13) [26-30].

Conclusion

Considering the type of attire, ornaments, and objects found at the site such as gold earrings, long
leather boots, short pants with color patterns belong to salt man no.1 as well as the silver earrings,
the skin-shaped cape, short leather boots and the clothes of salt man no.4, one could draw the
conclusion that they were not necessarily miners and they belonged to various social classes.
Generally, it could be concluded that the salt men with different ages were victims who had gone to
the mine to extract salt and had encountered the collapse of the mine at various time periods
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(Achaemenides and Sassanid empires) .

Due to the diversity of materials (organic and inorganic) in this collection and on the other hand
the historical and aesthetic values of the properties, the best and most effective method of
conservation for these items is preventive conservation with minimal intervention and through

environmental control to slow down their decay process.
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Fig. 2: Saltman no. in the site (the Saltmine in Zanjan)
cde ol 0292 )]91 9 Sod S ‘_gllbc).’iw 2y
O (e D o (LIS £y 4 |y LIS e
9 S 5 0 (T (Sed 00) il S (03
Sl s il colls Ko Kiw jl (0L Slalad

[ g | 100 yliwoli g ylgs «Jgl o losis (e Jlw

0 9 & (Y oylaw Soi ylope Y-V

(YYFAY -V¥AZ)
Sy cpdgl cais jlamd SOl e cusdS Sl
S daw bl WWAY Jlo 0 MYVY Jlo o (S
A b sS4l ol e K e jd K00
So ol ol A (e bl bl dusS
485 )8 R 4 S Jeolgd 3 g o390
53 30 s &l Ll 3 35 dar (o> 2y
WAY Jlw oo 3T A 5 Solas joboas 9 ) 5,lais
@S JLs an [5] 4 Ly (e ()55 by
LT e Sl ne 3 anb olioge paogd
Je 3 3ldplil Lo Sols 5 by o)
9 N3 A 93 AlS Ay i &S CE5 g
A5 IYAY ole sl 3 ol ol o 4 (0L <l
I pbagtsn Jobd (Mo JS5 &) pgur ur
Jols ol sy 9 p 35 g 9 Szl slacdl
S S adlad 5 53 el (laass y ias
el leese 03Vl g 0ad LS (S5
b (glasilygbl jobo 4 o plomil (glagli> (Lo
o s b ot i) & Jals Il Jals
55 ctbiage e oy {1 JS3) a5 Bl S
Do 50 5 Cowgy Clakad b ol pad Sl bios oS



- . - e e e s
Loyl jl 65115655 9 Bi> (sl 00l Sy SBla> 55809 ) 9 Ylaoj Sad 320 Gub Glduliogo wg@b

55 I S bl onlplis 09 p )5 e
d‘)_»l AMS l_> > Wg_o..]o ZAA.Q)L.:L_M:
sebaie ool 4 [8] b 00 el cuslie IS
Bl 9 (Ko Dy A ezl CBl 3l olaaiges
S 490 93 (mizmed g (0 deSe 3 39290 Sb
15 (4l laab g S lols) abguiSo (slaazily L
S5 Wl s an oS (e a2
oSl i )L g sl sl o5ty lo
Ceodd (V Jgio) ol oyl bdiges ol (ol dorcs
b slolo Rlghg ()b ol ohg> 4 asgeome
o=l 00,8 o g i Jlw AD.YY--D. AL YA
A Bk g glite ol linly Sl b aoxs
dr90 0)ldsS 5 1l (590 9 iy )] g5 Jolid
S)lgkd & ol Gy £95 zmed 9 o (5
Jlimw ©libad yizron g (V' JS5) 59 il deSs

W 001y Cnd kol 590

O SHlski g 4aSe (19,0 b Bl ((Ss 300 JSS
Fig. 3: Saltman, the foreleg inside a leather boot and its
short trouser

5 5= 9y 4 o) L8l yomie 48 0 S o
8 950 el 009y 00 C)T Hhdw! S yo 03 YL
O O S o cawd aebs g g5k g b (585
ollsd > ole 5l s, YL b ol a6l )

dloygo Sy jl U

oAR93 o9 ¥

4 Gl 3 dsgere oyl sl e Slalllas )b
Oole eYlgto (pl.c8)S U5 bl Jlgts S
5l Bog

Sl i Jlo L 4 3leio degazme (pl =)
oAl Bl AeSy (99,0 b Bl 9 e Ll -V
Tl d> S5 4 laie

Sl 039y d>  Sad o0 Sye cde =Y

Sl 039 d> e )] 3 Lol jguas cde ¥

d Wy iSe (oluege (po)lkz Comiz g G =0
Sl 039y

g cblis |) 85080 (alege Bl g e 4985 —F
55,5 s

oS Wl (aalel by, 5l L)l cpl
Elllae (Sl S 5 3, Sep0ly Slalls Y
o Lol ¢ wluscél g DNA Jg8Ug0
S S5las ICP Ly Uil ol cas (slowdly
9 GC/MS Ly (0> (et b odd LsS (555
7S 5 @B plwlid $5sdangySee Clalllas
OBl (sloygd il 5 s par slagaw)jl -4 odlatl
ol 039y s Cpl 5l (6,500 o

oy g Wl £

od (413 30 S bl Olalllao LV -£
AL g0 ‘_gal.bnw £--)

(AT Sy Baos o a gz (0l Cunle & 2255 L
o0y 4o 3l OT slial Cod 8 pwi (gl el
OLSel gz 5303 ggw 3l 7] 992V ()8 Wl

1Eoo Gl g jlgs (Jgl ojlois ias Juw | PIE



am . .
o) CJM!Q gLl 6 g f swliduad g

) D)LM:B u.io.: J)n asllas .))99 dhbd"?“" Caodd 1) Jab
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Fig. 4: CT scan images of the Saltman No. 1 and its foreleg inside the leather boot
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Fig. 5: Pelvis X-ray of the saltman 4 which shows its
gender to be male. This angle is about 60 degrees
(proving it to be a male). In females it is about 110
degrees.
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Fig. 6: Several fractures in head, chest and arms of the

Salt-man no.4 with a silver ring on the right ear and a
part of animal skin behind his head
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Fig. 7: pottery visel of Saltman no. 4 (right) and its 3D CT scan (left)
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Table 3: The amount of elements detected in the hair, and fibers of salt man short trouser compared to a new brown hair
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Fig. 8: Stable isotope trophic level [18] with data from
Saltmen (black rectangle)
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Table 4: Values of 3C and >N isotopes measured in
human remains of salt men [16]

13C 15N
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Rakhtshooykhaneh Museum, Zanjan, 2005
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Fig. 13: Display case of Saltman No. 4 in the
Zolfaghary museum, 2006
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