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‘ Archaeobotanic research on Salt mining complexes: Perspectives for research

Nicole Boenke M.A.

Besides technical knowledge, stable cultural and political structures, the
availability of resources is essential for the organization of a complex
project such as the mining of rock-salt or even the intensive exploitation of
brine springs. In this context the analysis of botanical plant material plays
an important role, because, in contrast to modern societies, people in
history were much more dependant on organic materials and their natural
occurrence. Referring to this the archaeobotanical analysis of findings can
offer explanations concerning the former providing situation of a society,
because material of botanical origin was used for several purposes: as raw
material for tools, building material or fuel. Also the food supply of the
workers is an important subject.

Due to the excellent preservation conditions for organic material,
especially archaeological sites with salty sediments offer an enormous
range of possibilities for the archaeobotanical analysis. Based on the
results of the Iron-age mining place Diirrnberg near Hallein (around 500
BC.), where thousands of wooden fragments and hundreds of human
faeces had been excavated over the years, the contribution will discuss
methodological problems of the archaeobotanical work as well as
questions around the use of wood and the availability of food.
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Surveying and Visualisation of ancient mines

Gero Steffens, German Mining Museum

Keywords: ancient mining, cross section, 3D modelling, virtual reality,
information system

The German Mining Museum is mainly working on the exploration and
examination of ancient mining. There for it is important that a precise
map is drawn up where the results of e.g. an excavation or the ancient
working traces are documented.

Very soon a traditional 2D plan becomes confusing e.g. when passages
intersect on different levels or (interesting) parts are hidden by others in
the respective projection.

In this lecture a workflow will be shown, starting with the measuring of
traditional ground plans, then adding (electro optical measured) cross
sections, finally leading to a 3D model.

The construction of the 3D model is revealed by using AutoCAD and 3D
Studio MAX.

Dipl.-Ing. Gero Steffens

Fachbereich Montanarchaologie

Deutsches Bergbau-Museum

Herner Strafie 45

D - 44787 Bochum

gero.steffens@bergbaumuseum.de

++49 (0)234-968-4020
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Mummy studies is a progressive field

FRANK Ruhli

Global research in this discipline is making a decisive contribution to the
understanding of cultural practices and lifestyle, including diet, health and
disease, in ancient populations. Various diagnostic imaging techniques
provide substantial data via non-invasive approaches. Thus, current state-
of-the-art protocols of scientific mummy investigations usually do not
include destructive investigations, such as autopsy, any longer, but advocate
minimal or non-invasive examinations due to the rarity of the samples and
ethical reasons.

Several radiological technologies are regularly applied in transdisciplinary
studies of mummies. Each method offers new means of data collection for
improved interpretation. Conventional radiography is the most useful
method to gain initial medico-anthropological data and to evaluate further
diagnostic steps. Yet, superimposition of structures such as dried soft-tissue
versus bandages, clouds genuine pathologies and pseudopathologies may be
misinterpreted. To overcome this, computed tomography (CT) may be
(Lewin and Harwood-applied. Since the initial CT studies on mummies

this method has become a Nash 1977a; Lewin and Harwood-Nash 1977b)
gold-standard in any such project. The high diagnostic value of CT has
recently been demonstrated again by the examination of Pharaoh
. Age-at-death, (Shafik et al. in preparation; Hawass 2005)Tutankhamen
pathologies and the presence of embalming artefacts can all be detected by
CT; this method also allows the determination of image densities (measured
in Hounsfield units; HU) — grey values - to identify unknown substances and
. Computed tomography is (Riihli and Boni 2000)post mortem altered tissue
(Marx also of particular interest for virtual 3D-reconstructions of body parts

and, to erase and D'Auria 1988; Pahl et al. 1988; Pernter et al. 2007)
virtually-confounding body parts or artefacts caused by such things as heavy

metal pins or jewelry.
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A preliminary study regarding the feasibility of 1H and 23Na MR
imaging of mummified tissue without rehydration of ancient mummy
(Miinnemann et al. in press; samples has recently been undertaken by us
. An ancient mummified Riihli et al. in press_a; Riihli et al. in Revision)
digit investigated by 1H (300 MHz) and 23Na (79 MHz) MRI (7 Tesla). We
were able, for the first time, to visualize the spatial distribution of 1H and
also of 23Na in a completely non-invasive manner without rehydration of
the precious sample.

We also successfully tested the application of the NMR-MOUSE® for non-
invasive in situ differentiation of various anatomical layers such as
extracorporal ice (Iceman), skin or subcutaneous layers. Even thin tissues
such as a fingernail can be differentiated from adjunct structures. It was
possible to differentiate anatomical density layers and T2 weighted densities
up to ca 5 mm depth. Different individuals show, e.g. diverse thickness
values of subcutaneous fat. Also, a new positioning device was developed,
so that the NMR-MOUSE® could be positioned close to the surface of the
object of interest from any angle, which is crucial for in situ studies of
historic objects.

Finally, we showed the diagnostic value of standard clinical MRI for
anatomical discrimination of historic dry tissues without rehydration thanks
to a newly available MR pulse sequence (Riihli et al. in revision). Ancient
artificially embalmed Egyptian mummies and a naturally mummified
ancient Peruvian corpse were examined using a 3D ultra-short-echo-time

(UTE) sequence on a standard 1.5 T clinical MRI scanner.
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Rock salt mining in Europe and the Near East: Perspectives of methods and results

Thomas Stollner, German Mining Museum and Ruhr-University of Bochum

In comparison with other minerals such as ores or precious stone rock salt
mining was always very special. As salt has been a daily life commodity the
access to salt was manifold in early cultures; rock salt mining is only one of
many methods: Besides there has been the usage of natural salt waters (sea-
water, brine), the usage of blood and salt-tolerable plants (halophyts) to
satisfy the daily need of salt. One finds examples for ancient salt-winning
all over the world on a different technological background; but always it
had a deep impact on society and economy of a region.

Rock salt deposits being accessible for early civilisations are rare in
comparisons to other salt sources; such deposits (salt mountains, surface
nears deposits, salt pans) always have produced a special economic focus
that considerably influenced the landscapes in the surrounding: Rock salt
has allowed to produce salt in stock and there was but only little limitation
to produce high quantities of high quality (namak-e sefid) for far distance
trade.

Within the lecture an overview of various ancient rock-salt mines will be
given, starting from the Nevada mine of St. Thomas and those from the
USA Middle West to the ancient world (Central and East Europe) and the
Near East. With rock salt mining at the Eastern Alpine Mountains
(Hallstatt and Diirrnberg) there are existing two sites that have been
explored since more than a century. Modern research results, the methods
used and the most important results of a nearly 1500 years lasting
prehistoric production will be shown. By no doubt Hallstatt is the oldest
still existing salt-mine of the world.

Perspectives will be shown for similar research in Chehrabad combining
several methods of Archaeometry and Archaobiology such as Parasitology,

Palynology, Dendrochronology, Archaeobotany, Chemistry or

Ay
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Archaeometallurgy and Mineralogy. Nether the less the usage of an
experimental task is inevitable to follow several practical questions and test

them in detail.

Diirrnberg near Hallein

Diirrnberg, reconstruction of the Early Laténe Salt

-Mining process

Salt conserved fabric from the Diirrnberg Salt mine
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| Bronze- and Iron Age rock salt mining in Hallstatt: Experiences of 40 years of research

Johann Reschreiter, Natural Historic Museum of Vienna

Hallstatt can be called the oldest existing salt mine of the world: working
nearly continuously since the 15th century BC it also has a very old research
history, that goes back to the beginning of the 19th century when historians,
archaeologist and even natural scientists have started to deal with that site.
All research was influenced by the legendary finds of a man in the salt found
in AD 1734 in one of the salt-producing chambers below ground.
Excavations in the famous grave-yard became legendary likewise after the
work of the mining officer J.-G. Ramsauer and his followers; the
exceptional rich finds have been used to assign early Iron Age find groups in
Europe: since the 19th century research is used to speak of so called

Hallstatt-culture or even of Hallstatt-cultures.

Although the salt has been extracted in dry
rock salt mining during prehistory it is not
the only way of producing salt: as the
deposit actually is consisting of a melange
of clay, gypsum and salt (so called
“Haselgebirge’’) prehistoric miners had to
survey and find rich rock-salt portions first
before starting with the extraction
underground. This stands in contrast to
medieval and modern times when a wet
solving process underground was used to

produce a rich brine to boil it in special

boiling houses below ground, the so called

“Sudhiitte, Sudhaus”. ( Hallstatt, The Bronze Age stair-way in the Tusch mine
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Alpine underground salt mining could not start with extraction at the
surface like other rich salt mountains in Romania, Spain or elsewhere
allow: In Hallstatt and the Diirrnberg the mining had to master a 40 to 60 m
covering of leached clay and moraine rubble layers before they got access to
the salt deposit. However this doubtlessly means some kind of investigation
phase and even highly developed mining skills right from the beginning in
order to start a successful exploitation.

In Hallstatt research has been concentrated on several parts of the mine that
have been accessible for research during the last nearly 50 years when
modern research has started. It has been possible to work on Bronze and
Iron Age mines as well: in the lecture an overview of the most important
research results of this underground research will be given. The
archaeological work is concentrated most recently on middle to late Bronze
Age mine (socalled Tusch-mine) where fascinating results on organisation
and Bronze Age hauling systems (stair-way; ropes, shaft-timbering) have
been gained. Results from last 20 years did change our knowledge of

Hallstatt and Eastern Alpine Salt mining completely.

Iron Age extraction chamber in Hallstatt (Stiiger-Werk)
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BELOW THE SALT:
Naturally Mummified Human
Remains from Iran

A.M. Pollard

Research Laboratory for
Archaeology and the History of
Art,

University of Oxford

OxAS12 1860455BP il
ORA4S13 1745450RP e,

ONA-4814 1800553 gy va

OxA-4815 1625+50BP -~ ot
i L 1 n i il L i L i i i
S00CalBC CalBCCAIAD 500CalAD

Calibrated date

OxA-4812 textile (woal)  d3C =-20.6
OxA-4813 textile (wool)  d'3C=-209
OxA-4814 human bone  d'*C =-16.4
OxA-4815 human bone
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i
OxA-IS031 18204308 N
ONA-15032 1S89£28BP = -l

OXA-16831 1504427BP ‘ -

400CalBC  200CalBC CalBC/CalAD 200CalAD  400CalAD  600CalAD  800CalAD
Calibrated date

Mummy #2

OxA-15031 Mummy 2 textile dPC =-197
OxA-15032 Mummy 2 human soft tissue d3C =-204
OxA-16831 Mummy 2 skin drc=-182

ummy # 3 Radiocarbon Dates

! p the most
15030 2304+20BP | .| 1
1522 23362980 A i ; Complete
J000CalBC  800CalBC  600CalBC  400CalBC  200CalBC  CalBC CalA

Calibrated date

OxA-15030 Mummy 3 textile d13C=-205
OxA-15222 Mummy 3 human soft tissue d13C=-203
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OxA-14992 Textile dBsC =198
OxA-15028 Human soft tissue d'3C =-23.1
OxA-15029 Fur cloak d'3C =-20.5

SOCHBC ocdBe 0CEC WGBS CalBOCHAD
Calibited die

OxA-16832 Body#5 skin 2286428 d'3C =-202
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Mummy
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ONA-16831 15046278
ONA-1522 23362298 T Mummy #3
OxA-15028 2262+29BP ! N Mummy #4
ONA-16832 2280288 | ;-_!:——- Mumm;f' #5

1000CalBC S00CalBC CalBC/CalAD S0CalAD
Calibrated date

iy Cal Radiocarbon date (70)
Mummy #1 sample 3 80-390 cal AD

Mummy #1 sample 4 260-280, 320-560 cal AD

Mummy #2 410-540 cal AD

€, feeders Herbivores

[ Mummy #3 510-350. 280-250 cal BC ‘ €y Plants | |

grazers
| €, Plants
N, - fi

Mummy #5 i 410-350, 300-230 cal BC Fhytoplankton

Mummy # 4 -23. 400-350. 320-200 cal BC

20 -15 -10 -5
6 13C (%e)
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able isotope data on

Isotopic analysis of hair in ¢. 1 em lengths proximal to distal (several
samples amalgamated)

dsN
enriched —
possibly
marine/fres
hwater
input?

8

8
distance from scalp (cm)
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