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ARCHAEQLOGICAL EXCAVATION TO REVEAL
ANCIENT MONUMENTS & ARTIFACTS




& /8
i -
7kt 2o

The Moments of

discoveries...during the
dig....(Kastrouli 2016-2020)




Artifacts go to the Laboratory or the portable
Lab goes to the Artifact in the Site/Museum!
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THE NATURAL SCIENCES RETRIEVE
IMPORTANT INFORMATION FROM ARTIFACTS

Where?

Prospection=p-(underwater, underground, from above) localization
without excavation by surface measurements that, as an
underground X-Ray imaging, depict the shape of buried antiquities.

When?

Radiochronology =) age determination on artifacts and
monuments.

How/What?
Ancient technology: =) provenance and construction
Why?

-==)Construction depending on the shape and usage, the use and
the orientation of the monument etc.

Mobility-ancestry?
=) Ancient DNA of human bone remains

13/1/2022 EASA ARTS MERTS SCIENCE 2021
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(STATISTICAL) Axiom 1%': No measurement
ERRORS IN can produce a worthy result, if

ARCHAEOMETRY not accompanied (shadowed)
by an error

Level of exactness

f statistical model Enowl o o
e /;mw - Axiom 2" Increasing the level
Facte of exactness in measurement &
statistics, increases the level of
e information, facts, knowledge
Diata >

Lewvel of mmprovements
oty dectston making
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Instrumentation-Spectroscopy, nuclear,
microscopy, electromagnetic....

”~
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Selective examples of data obtained from
artifacts through the natural sciences



O CHRONOLOGY

OCHARACTERIZATION
& PROVENANCE
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OBSIDIAN SOURCES IN MEDITERRANEAN & SPHERES OF INFLUENCE
| DURING LATE PREHISTORY (0ZDOGAN 2018, SPRINGER)

e

-------
..........
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Biplot of Sr vs. Ti. Aegean s
Asia Minor
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amples, Sardinia,

SAR RS
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SAR SC + Adamas

= Demenegaki

s+ Katsouli
Antiparos
Yali (white spots)

» Yali (blackish)
Strofilas
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Other examples of Hierarchical methods of
clustering

MéBodoc Ward 20YKPIoT OEIYHATOV
Dendrogram
Furthest Neighbor Method,Squared Euclidean

Cluster Scatterplot
Ward's Method Squared Euclidean

Thursday, January
NWPU NOV 2021 13, 2022



Obsidian Hydration Dating bzr

SIMS).

»lon radiation of hits the surface of the sample

> Obsidian dating method based on the concentration of H in H,O versus depth

Secondary Ion Mass Spectrometry

»Detection of Cations, Isotopes, organic molecules (Liritzis et al 2008 Surf. Interf Analysis;
Nucl. Inst. Meth Phys Res B; Liritzis 2006 Archaeometry)

®

L /

hydration o

rim

"\ outer surface of artifact

w75 A /Jnléﬁorof artifact
diffusion front p ‘

\ . /‘; / /
e 55 '

Caoncentration (atomsdcc)
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SIMS-SS Calculated Ages (y.B.P.)

SIMS dates Vs Archaeological age

35000

26250

17500

8750

v/_r
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8750

17500

26250 35000

Archaeological Expected Ages (y.B.P.)
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Liritzis 2006, Archaeometry, 48(3))
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Radiocar
parchme

oon Dating of murals, wood, bone,

nt, textiles,....



RADIOCARBON: HOW DOES IT OPERATE? IN ATMOSPHERE,
BSORBED, CONSUMED, DECAYS....HALF-LIFE 5700 YRS

Science of Radiocarbon Dating

Cosmic radiation from space

cause high-speed neutrons

to collide with the nucleus

of nitrogen atoms.
A neutron is captured and a proton is expelled
converting nitrogen-14 [14N] to the unstable

@ nueclide of carbon-14 [14C].
@ proton
@ neutron \ / P
roton
@ p 14C iy 14

The new carbon-14 atom reacts with oxygen [O,]
to forma new carbon dioxide [CO,] molecule in
the atmosphere.

CO, is absorbed by plants through photosynthesis.
Plants are consumed by animals, allowing the radioactive
C to pass through the food chain.

While living, organism take on the same ration of 120,130,and 140
in the same ratio that occurs in the atmosphere.

The ¢ in preserved organic matter decays back to N.
Howeverthe stable isotopes of 12C and 13C remain the
respiration stops) and the wood v same in the remaining organic matter. Organic matter
organic matter becomes ’ - > can be preserved in any form, such as bone buried in

isolated from the source of \14(; / sediments, or wood used in contruction (such as in
ancient ruins).

fresh 12C from the atmosphere. ' i
N With the halflife of 12C being ~5,730 years,
/ it is possible to compare the C content
to the remaining other stable carbon

isotopes to determine the absolute age
of the ancient organic matter.

Once an organism dies

@ The unstable 14C nucleus expells
a beta particle and converts back to
a stable 14N nuecleus.

13/1/2022 EASA ARTS MERTS SCIENCE 2021
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Otzi the Ice man: bow/arrow et.c...3300-3100 BC

» Found in North Italy 1991 with all his outfit

» Wooden Bow & arrow, Bones, plant, material, hairs, dated
by C14

» Time of early archaeometallurgy in Europe

13/1/2022 EASAARTS MERTS SCIENCE 2021 20



» They assumed that it was
the shroud that wrapped
Jesus Christ

> In the 1980s the Archbishop
of Turin gave permission to
date.

>t dates to the
middle of the 14th
century

EASA ARTS MERTS SCIENCE 2021 13/1/2022 2 ]



Luminescence dating & authenticity of
ceramic fabric



AUTHENTICITY IN ART BY
TL/OSL (FIRING, ZIRCON)

—u— MNatui

»— Natui

+— Natw

—x— Natu

A —+— Natu
Iy

_ Temperature (°C)
11/19/2017 DEC 2017 LECTURES AT HENAN UNIVERSITY 23




Han Dynasty, 206 BC — 220

AD

TL age: 400 BC - 500 AD

Sample No: C105j13
THERMOLUMINESCENCE ANALYSIS REPORT

The object was presumed to be:
A painted potiery waking horse (Han dynasty, 206 BC-220 AD) ref PHOSM421

The following samples were taken in powder form on: 7 February 2005
By: Phyfis Hsia of Oxdord Authentication South East Asia

Sample A:  Under the head Sample B: Front right leg
Sample C:  The right butiock

Using standard methods and techniques it was estimated that the date of last
firing was: Betwoen 1500 and 2400 years ago

Note: All theee samples yeided 3 simdar result
CONSISTENT with the suggesied penod of mamnufacture

R G

13/1/2022
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The superimposed Bradshaw
painting was overlying by
Wasp Nest sediment, which
was dated by OSL giving a
min 17,000 BP for art-work!

STENCIL ART IN THE KIMBERLEY REGION AUSTRALIA.

11/19/2017

DEC 2017 LECTURES AT HENAN UNIVERSITY 25



Painting: mural, vases, panels/icons, statues
Non-destructive methods

San José jar Santa Maria jar San José Black Pigments

O)l _
. —#3
P — 45T

M e
AL
Ml

Intensity (a.u.)

MLP-Ar-5725 BMB MLP-Ar-5972 BMB
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The principle of painting analysis with
reflectography (UV, VISIBLE, IR)
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Baon
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investigation of painted surfaces
via VIS, IR, UV
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Images of old manuscript with MSI
Comparison
in VIS, IR, Pseudocolor in IR
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Difficulty in re inscriptions

m Surface des -
thickness arfl - = 58 g Ire revealed
with photo . W L.

blackening (in pa s
: Preferred the im .

2 techniques in overpa

d pigment analysis .




CASE STUDY: Archimedes Palimpsest and a page
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The Chronicle

A Palimpsest of Archimedes works (174 pages or 5 Books - 7
monographs of Archimedes, rhetorician Hyperides, works of neoplatonic

philosopher and other) was found in Constantinople from parchment by a
1oth century scribe.

This is the earliest known copy of the work of Archimedes (3™ ¢ BC)

200 years later the parchment was reused after cleaning the original text
with weak acid and pumice and turned it into a Christian prayer book

The reuse was done in a superficial way and there is the possibility of
distinguishing the first writing.

30



MSI Images in Red & Blue

The Archimedes text appears faint in RGB, UV emits in blue of visible spectrum.
And disappears via red channel of RGB Text appears and geometrical designs too 31



Combined reception of Red and Blue fluorescent channels
RGB

* Perchment appears white as it
reflects red and blue

° Prayer book is ,
as absorbs both R & B
o text appears as it

absorbs blue and reflects red.

of

32



PIGMENTS + DATING e ST lg
Lascaux Cave, France, ~ S . O
15,000 BC-Charcoal &
Ochres

« 600 rock paintings and 1500 engravings dating from
the Paleolithic era have been recorded in the cave.

» Pigments: charcoal, red+yellow ochres

» The animals depicted are horses, bulls and deer. The
"Hall of the Bulls" with the rock paintings dates
back to about 15,000 years BC. with radiocarbon.

* How?
« From the minute quantities of charcoal used to draw
the figure!

¢ —> cave-museum and economic activity in the
surrounding area

13/1/2022



Documentation of Museum objects-Pigments, overpainted panels, binders, preparatory layer etc

PAINTED TEXTILE BANNER

(recto) |8

V

*bfﬁ

4
FTIR \/ /

SPECTROSCOPY

XRF \\
SPECTROSCOPY \
| =~ \

RAMAN
SPECTROSCOPY
d Wi

SILK TEXTILE LEAD WHITE

GROUND LAYER AND
ALUMINIUM LEAF

https://pistachio.gla.ac.uk/

Janssen et al 2016 Topics in Current Chemistry, Springer
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Some artifact analysis from Delphi Museum:
Decorated ceramics, powder, glasses by pXRF

miniature ceramic vases  vessel with pink powder glass vessels from Delphi

13/1/2022 EASA ARTS MERTS SCIENCE 2021 35



. Pink powder.... tomb of a “theatre
actress” excavated at Delphi and dated in
400-350 BC(Liritzis et al.,2018)

e Itisaclay cylindrical pyxis with lid and it retains its
light pink powder content (psimythion).

* The identification of Sulphur (S) and Mercury
(Hg) but Pb as well clearly identifies the powder

as cinnabar, that is HgS a red pigment very
commonly used since antiquity, mixed with PbO
white lead. For make-up of actress face.

* The 4th c. BC Greek author Theophrastus mentioned
three different sources of cinnabar: from Spain, from
Colchis in present-day Georgia, and in Ephesus in Asia
Minor.

e Used in ritual blessings and burials and as a
cosmetic in many parts of the world for
thousands of years

* Toxic & Leathall
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Ceramic vases grouping
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Glasses: Delphi fall within Theban field

PC2 (21.5% explained var.)
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Bronze cylindrical compass with lid and
powder inside

* The Bronze cylindrical compass
AMA 3692 with lid was derived
from a cist

* Found to be bronze (oreichalcus)
Cu-Zn (81.8%-14.6%) with some
Pb (1.06%) and Sn (1.68%).

 Powder within this metal vase
was Cu with lower content in Zn,
Ca and Fe, indicating corrosion.

13/1/2022 EASA ARTS MERTS SCIENCE 2021 39



Annunciation
Church, Amfissa,

Greece, painted by
Papaloukas 1892-
1957

EASA RT -E;("S SCIENCE 2021

1/13/2022
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Mural painting of Church near Delphi

Examining artist’s painting technique and palette
FTIR & Raman, Organic and inorganic
substances

Methods

 FTIR:........... Fourier Transform
Infrared Spectroscopy

* RAMAN SPECTROSCOPY

* SIMS............. Secondary lon Mass
Spectroscopy

| \\/ \\ \ 3 [ |
* XRF................ X - Ray Florescence A WA T \Mw N
* XRD.............. X - Ray Diffraction 200 l;;); 'Sh.f(;é(o T w00 S PO Y
e CHROMATOGRAPHY e !

T
T T
AMF13-b4 AMF17

(=) (=]
oS S
1 L 1

~
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1
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s | | 1 f/\
e || il /

VA

|\
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1

Relative Intensity
Transmitance (%)

cm

(Liritzis & Polychroniadou 2007
ArchéoSciences )
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Spectrace 9000 TN PXRF measuring mural
paintings of modern artist Spyros Papaloukas
from the Amfissa Cathedral, near Delphi

P AW =

* Provide the necessary
knowledge of artist’s palette &
for conservion work
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CON

SHYIGSHE ‘I"dil‘lz'c‘\.s a emarkable figure of Greek
_.,s J) ‘ssmmsm for his experiments used:

-
—

— -
v
‘& -
-
—~

— ’7ile palette, various chromatic layers

',‘-”t-‘—‘s__. ,._-»
__#—Q

_.;,. -from different materials and binders
~_ (hematite, red and yellow ochre, carbon,
ultramarine, Prussian blue, gypsum,
casein, eqgq tempera, glue).

,;:.———
S

—

—_
S
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pXRF in Museum artifacts
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Digital Archaeology & History of Art
Implementation of computer systems in the field of
Heritage aertifacts
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Interdisciplinarity

Human Past-Our
Memory

H

H

1 In Remote Past we
Meet our Future

H

H

Sustainabillity-
Growth

Ecumenical
Values
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