ournal of Research on Archaeometry, 2021; 7 (1): 231-251
Journal of Research on -

Archaeometry

“"hm‘:m“f DOI: 10.29252/jra.7.1.231 URL: https://jra-tabtiziau.ir/

The Natural Mummies of Zanjan Salt Mine and
Preventive Conservation ot
Approach for their Preservation

Manijeh Hadian Dehkordi*
Assistant professor of Research Center for Conservation of Cultural Relics, Tehran, IRAN

Received: 22/05/2021 Accepted: 21/08/2021

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
consetrvation .

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
clements 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) [106, 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 period 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 showcase, 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. 4: CT scan images of the Saltman No. 1 and its foreleg inside the leather boot
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vy

oo linsli g Jlgs «Jgl & losds e Jluw

£ 0,lowd L Sod 30 ) £-V-Y

Voo liwylony by olKiws) exlus 81,550l
Gnts 5 Gimgd Sl (Jo 5 (el e
G Do L SA -+ Jae gidlosd Sl (5 o)
olo )3T Y0 g, )3 ¥ 0lod (Sa 30 (tosiles Ve
PLodl ol o Pl ()l pgea5 3 50 53 VYAT
@ ol ¥ byled (Saddpe Jl jelate 4 s
ol cael g (ol (glym p3Y Slaged o)l yps
JUEl jogaze dlaie ol 5 (2lb e
S5 ol 5l eyt Ol daldl 3 a8 Cé S g0
Ll 045

g bob ol Sl dndl o gyl b
a2y Feodgus dygly oS (X (815003 sl &
JSb) ol Sie slege cpl Camin {14] 5l
Olgzil ptgl 83,555 g b gl wizzen (0
A basB 8 ol g Cunly 9 o Cusd s S
Sl Jlo VOVE oo |y ol oy s casSSl gl

Wy



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

Jlw B,b 30,5 glwlis Y-Y-Y-£
£ 0 lows (Sod 20
Srolea ¥ 8)lod (Sodp0 Sl (G b ol e
(v JS3) ol oslay (b S8 Biks S, 5l o
pyo dlg o 3959 badd lid yolal cpl b ad)F
Sid 5l ) Sy eyl 4 a5 ol 039 ] 90
Sy g By bs ol 0yylS bl edyes Sy
anl 0393 ke Vgt 51,0 (S ol gy

SPIRAL ' 66 i
~IMAG ING LCRTE Wi - W:

503 30 Olal g gy p3 st Gl SuSS F S
Sy )3 gy 3l A5 9 9l (o) B)lgsS o ¥ o)lad
ol
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

(G2) of csam s oSl (o 5 () ¥ ol (Ko 30 o B ¥ JS5
Fig. 7: pottery visel of Saltman no. 4 (right) and its 3D CT scan (left)

ool ol s s plssl B 9 Y 5 )les (Ses
Sy 5| (rg JHB palie sg2g saims it
SLaoge) ) 35290 o ladpwl 1 45 9 sl
G 2 90 o sl gl bolyen alS
ol lasly aluS 5 cpl s gluslue Slos
9 B 9y 35 Sli— 2 Bl Ll
Sl 4zl [16] sl 0391 b cagusl I (5ol
obizmed Jlaw Bl 900 dlge plwlid & wiles
Orzzen Sl (ol cggBge (ol LS (4
A (sfg) dge (gols Jlaw 8L 5l eolanwl dus s

)3 3529 35 (2ldyy e jpwdn Olyie

Old 50 Cowd Cuwgy owlbndcamw! .£-V-£

S
4 lgs e cd Ly e ol wled oS Ll
gl ) ol £ 0l 52 ol o gy
l—.’. 2 )1 ool _wl u)‘)JLJ ‘[\Q] .\Jlo.x,,alj «u&.o.}
N pain glooly 5l (o Sy oo (i) dlge
Sya oo 6085 sl s o 185 351
bl aglas l oLl gl ol oo ol
o Rl bosd LS (555 Sl Sgle)S
dyo Cuwd Cuwgy )l u.,l.mdu’u S9y ¥ GC/MS l;

1Eoo Gl g jlgs (gl ojloids pias Juw | PIA



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

S 3l A8l (Sed 350 (slage gl S5y 4 by
B9 dged SO ) dg390 (ol Ao dunlis 500
Lo Ly ypuaie opl polie (sloged S L s
O oyl slhdsisel &) Cumd S 0mb S
3 39590 pal a4 bgye By o o e amd o
5 S 3y o dy sl loj 50 oS L 8
5 Loge iz 8> e )3 ol 5 (236 iy
Shccwl oads asb ol o byl (0 5)5 coge
YaY oS bage (6alb oy (b g 505 (59
20l g oo 0000 35 (slogrd sla,b (golas b )]
il (6015 )0le diuilyl ol g 13gs dataw oS S
o=l 3 (Zn) o) ais mb Loy cnl pogde
dy byope a8 iy (590 b dunlie )0 ologe
245 ol s @9 Jlo VEVO s b (s
oo Jlaw Frodgas Sl CT oldllas ol
o ol b paie cpl do s S e sl Ll 0

[17] Moo (2018 353 313

i D0 e (g mais ;.;Jbi 0-Y-¢
oi Sylgs B9 Y B lows

OleMbl saad lis bge 1> 3950 Hlade oS olic
aS bl 5 [17] conl Jasme sla Sogll e
ééubHdmya))olfgm&)dx_
9 bbd frer 4 09 Jlgts 3)90 Slegidge jl S0
Sl U ICP7 (g puaic 3JUT g, 5l ealil b
LT eliadss 355 0 ARL Jao oWl ors cas
= F) U1 Cge g cblis aaSiingh) (Su)b
9 S 3pe yu Slage I ladiges (e (S b
Sl g anie jw (g9 diged S b dunlis
(F Jiz) 38,5 )5 syt 3,30 S ok

i Dp0 S5y 355 slage aS > lis LT ol
L 508 ) 90 0 paie ol YL aop Jle |l
lgi oo u_aj il dize &S Canl Oi b (slogd

(PPm) (slogad i (g90 )b S b dunlio )3 (S 3p0 Slobd Sl g 90,5 )3 0l (lulidd jolie (ljne s Y Joa>

Table 3: The amount of elements detected in the hair, and fibers of salt man short trouser compared to a new brown hair

> (glogwd (590 b V (Sed 0ye S)lals BUI V (Sei2p0 (590 )b s
New brown hair Saltman1 short trouser fiber Saltman1 hair element

31 6.6 108 Ag

- 22.5 37 Au

- 1270 268 Al

- - - As

30.6 47 - Bi

30.2 0.8 4.2 Cu

- 0.8 5.6 Cr

281.1 687 380 Fe

- 490 480 K

- 595 1230 Na

73.1 6.6 17 Pb

4.0 - - Sn

196 53 183.5 Zn

dy 9o 48 Logl | in G 09,8 (slagj o]
Olej e gl JBIY 05 o sl  Solw
248 Gs3 09,5 slainl nlply ( SYsb
Sl oslit ol Ly 4 loe By 9o csla gl

P9 | 100 yliwoli g ylgs «Jgl o losis (e Jlw

EXTWUENGNE I &

) b)lmb
aS wiwd lsl o glacdl S5 Lage
sl o ol s wile gl (sl Job




3"N
(%0)

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

S ams )5 Ll gl e wj) gy alex
5 olals (s cisgs) olie slge glgl S bl
3 ol ol b W5 Jlo itz (o 55 (o3
slacdl oIS )3 598 clacgspl jl o o
oobol (ol g 030 (el Logas) (Sl
@ o) £95 e 4 Ll e 398 slaodld
BC slacggnl bud s polie a8 SoS ol 3l
SO (S gye) S (olooge i sl
L;QJLA d')_’ ) o)Lo_JS (.s—i"" dy—o fi> A 5N
ole PC Gl polie ool (Y Jgae) 48 (5505l
Loyl polie g WY+ =V0/Y 1N ¢ YY/\ —V8/¥
2 aS jehailen [18] aalis sladiges b duslio )
e vy 4o Koo wgd o sdaline A S
ol clbdsges o yin (sboodld wiojls ,5 585
9 [18] (238 w235 Sk slaogigil gobaw Joges A S

25

Sea mammals
20
15
Carnivores
10
| C; feeders Herbivores C, grazers
5F C; Plants
T Cy Plants
Nj-fixers
0oF Algae & Phytoplankton
1 1 1 1 1 L

35 30 -25 20 -5 -10 -5 0

5°C (%0

(ol Jalaiians) (S 330 4y bgypo (slaodls b duwslio

Fig. 8: Stable isotope trophic level [18] with data from
Saltmen (black rectangle)

S 30 Bl el Y-
o=l prgmad 3 are Slegdge bl I (S
slaelbege (IS g cblis (KsSs aegorne
P B s pie 4 dagi b g d9dSe b
O o g Jleinl sl gege pogas ()

dl_"ei bwg (o0 VAPA Jlo j0 b gl (gl
oy dslale )3 ol ol ol 4y 5 aaS gylas 8
Oygmo Olalllas ol ol odd cud s i)
SPB Sy olojle Gglg e (i wgs 4i8)S
Ol 38 e B g | (Sod 350 (G5 09)5 925
wlaogs 3y 30 (6,500 leMbl Ll 4 donis
oleMbl ol ule 8L baiad lis Ll wad ol
1l oS ol Gl (slage Bigai 3 (K5

WS by 1y (ol 3)lee jo (Solgls clbls)

213 5y £9 Floate Olalllas ¥-Y-£

‘;.w‘ o>
(op)S 9dly oWlw a8 5l sy le e ay
Ul e Sl L 5l oasl cowdas claosls

208 (65503l BN 5 13C glacsgignl polde ¥ Jguo
[16] (Kad oylaype Sl 5Ll

Table 4: Values of 3C and >N isotopes measured in
human remains of salt men [16]
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Zolfaghary museum, 2006
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