


Aplikace analytické chemie v archeologii

Terénni prospekce

Charakterizace davnych technologickych postupu a vyrob (metalurgie,
vyroba vapna, kolomazi, keramiky, apod.).

Odhad provenience nékterych typu artefaktl (obsidian, kovy,
keramika, ...)

Sledovani degradace archeologickych néalezu (kovy, kosti, organické
materialy) pro diagnostiku poskozeni a vychodisko pro navrh
optimalniho postupu konzervace.

Interpretace konkrétnich archeologickych nalezu ¢i situaci.



Studium vyrobnich technologii

Metalurgie zeleza a barevnych kovu
Vyroba keramiky
Vyroba skla
Vyroba vapna

Vyroba adheziv (dehty)




Vyuziti borové pryskyrice

Borova pryskyfice je vychozi surovinou pro vyrobu
terpentynu (spolu s Inénym olejem ho pouzivaji
vytvarnici pfi olejomalbé), destilaéni zbytek je
kalafuna, ktera se pouzivala pfi zabijackach nebo v
bednarstvi.




Veletiny

Sipka typu Stramberk-Krnov, stfedni eneolit, povrchovy sbér.
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Chromatogram chloroformového extraktu vzorku nativni pryskyfice (A kyselina abietova, PA kyselina
pimarova, MD methyl dehydroabietat, D kyselina dehydroabietovd, R reten, V vinylguajakol, | isovanilin).



Jantar

- jde o mineralizovanou
pryskyfrici tretihornich
jehlicnani starou nejéasté;i
kolem 50 milionu let

Ambroid

= lisovany jantar (drobné kousky jantaru se
hydraulicky slisovaly v ocelové formé)

naustky dymek

cigaretove Spicky



Vyroba drevniho dehtu a kolomazi
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Vyroba drevniho dehtu a kolomazi

Kolomazné kameny

Trnava (okr. Trebic)



Vyroba drevniho dehtu a
kolomazi

Dvouplastoveé komorove pece

Plzen-Bolevec



Vyroba drevniho dehtu a kolomazi

Dehtarskeé pracoviste
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Sucha destilace diterpenoidnich pryskyric



Kolomaz

= mazivo vzrabéné z drevniho dehtu,
pouzivané v minulosti pro mazani kol
dopravnich prostfedkd. Béhem 19. stoleti
byla vytlaCena oleji a plastickymi mazivy,
které maji vyrazné lepsi mazaci vlastnosti.

Primési

Terpentyn

Abb. 15. Abschmieren ¢ines Reisewagens im 15. Jahrhundert.
Nach S, Brant, Dar Narrenschiff (1494). Photo: Deutsches Museum, Manchen

Lnény olej



Rynartice (SZ Cechy)

Vzorek hmoty ze dna rozkladné komory dehtarské pece (1. polovina 15. stoleti)
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Chromatogram (Scan mod) chloroformového extraktu vzorku z Rynartic (DA dehydroabietin, R
reten, MD methyl dehydroabietat, D kyselina dehydroabietova).



Mostek (V Cechy)

Vzorek z vnéjSiho povrchu keramického fragmentu z blizkosti dehtarské pece (14. stol.)
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Chromatogram (Scan mod) chloroformového extraktu vzorku z Mostku
(DA dehydroabietin, R reten, MD methyl dehydroabietat, D kyselina
dehydroabietova, L4 lupa-2,20(29)-dien, L3 lupa-2,20(29)-dien-28-ol,
L2 lupenon, L1 lupeol, B2 betulon, B1 betulin).




Tabor, dum cp. 308

Zbytky kachlovych kamen z 15. stoleti.
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Chromatogram (Scan mod) chloroformového extraktu vzorku z komorového kachle z Tabora (F
fluoranthen, P pyren, R reten, MD methyl dehydroabietat).
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Dehet z brezové
kary

Aplikace bfezové kury



Vyroba dehtu z brezové kury

RUzné varianty ,metody dvou nadob*

Archeologicky doklad technologie a
pozUlstatky nddob s perforovanym
dnem (Meklenbursko).




TRANSFORMATION MARKERS

Sucha destilace
triterpenoidnich
pryskyric




Krhov

V prubéhu praci spojenych s revitalizaci rybnika Utopenec bylo lokalizovano sidlisté
Sareckého stupné kultury s linearni keramikou (stfedni neolit).
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Chromatogram (Scan mod) chloroformového extraktu vzorku z Krhova (L4 lupa-2,20(29)-
dien, L3 lupa-2,20(29)-dien-28-ol, L2 lupenon, L1 lupeol, B2 betulon, B1 betulin).



Ivanovice na Hané

- vyzkum eneolitického sidlisté
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Chromatogram (Scan mod) chloroformového extraktu vzorku z Ivanovic na Hané (L4 lupa-2,20(29)-
dien, L3 lupa-2,20(29)-dien-28-ol, L2 lupenon, L1 lupeol, B2 betulon, B1 betulin).



Brno—Modrice

- v zarovém hrobé ze starsi doby rimské byla mezi
kostmi nalezena hrudka tmavé organické hmoty.
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Chromatogram (Scan mod) chloroformového extraktu vzorku z Brna-Modfic (L4 lupa-
2,20(29)-dien, L3 lupa-2,20(29)-dien-28-ol, L2 lupenon, L1 lupeol, B2 betulon, B1 betulin).



LeSany u Prostéjova

Tésetice-Kyjovice

Hulin



Brezova smola / dehet




Smési s lipidy (plastifikatory)
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Figure 1. Representative HTHRGC/MS total ion current trace of the ester fraction from smoke particle extract of Castanha-do-Para.
Numbers refer to carbon chain length of free fatty acids (analyzed as the methyl esters).



Bitumen, asfalt

BIOMARKERS ALIPHATIC BRIDGES
P T Vv alkanes

NN alkenes

C-ring monoaromatic sterane

(m/z 253)
AROMATIC SHEETS
PYROLYSIS @‘ R m‘ i
> alkylbenzenes alkylnaphtalenes
Regular sterane
(miz217)
alkylanthracenes alkylphenanthrenes
Hopanes
(m/z 191) alkylbenzothi i i

Scheme 1. Structures of specific asphalt markers and biomarkers.

Figure 2. Molecular structures of some typical biomarkers found in the C,;, alkane fraction. Steranes are represented by

d) Sx(H), 142(H), 172(H)-208-24-ethylcho

ethylcholestane (abbreviated to 20appS). (5) C

tan,

abbreviated to 29xza8) and (f} 5x(H), 14B(H), 17p(H
13B(H}, 14a(H)-tricyelopol

renane (abbreviated to 23/3) is generally the



Bitumen

Bitumen-painted ceramics from Tell Sabi
Abyad (northern Syria, cca 6000 BC)

FIG. 2 a, Drawing showing the black bitumen traces on the upper face of
the convergent scraper. On this face, the sinuous trace goes across the
scraper and follows the convex curve of the right edge, at a distance of
1¢m. In the proximal third, the trace swerves to end on the right edge. b,
Reconstruction of the presumed handle of the convergent scraper. c,
Drawing showing the black bitumen traces on the upper face of the
Levallois flake, made on a subquadrangular, 4-cm long and 4-cm wide,
small piece. The black traces are only on the face shown. There are small
marks, creating three parallel lines to the edges at a distance of 1cm. d,
Reconstitution of the presumed handle, only valid for the limits of the
handle on the artefact.



Obrazky z pitvy mumie

Bitumen
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O Bitumen accurences FIG. 3 Terpane distribution pattem (m/z 191) of the chloroform extract of
the Umm el Tlel scraper, compared to characteristic fingerprints of two well-
O Village known natural asphalts: Abu Gir in the Bichri djebel in Syria, and Hit along
A the Euphrates river in Iraq. Terpanes from the Bichri djebel oil-stained
S sands contain significant tricyclopolyprenanes but much higher Tm-to-Ts
and gammacerane-to-hopane ratios. Abbreviations: Tm, C27ap-hopane;

FIG. 1 Location of archaeological sites and bitumen sources.

Ts, C27ap-nechopane; 29xfH, C29xf-hopane; 30MafH, 2x-methyl-
C29ap-hopane; 23/3, C23 tricyclopolyprenane; 24/4, C24 tetracyclic
terpane; 33/6, C33 hexahydrobenzohopane; 31/6*, the novel C31hexa-
hydrobenzohopane, referred to as structure 6 in ref. 24,



Bitumen
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Figure 1. Map of the Near East showing the locations of the major natural asphalt deposits (e.g. Hit-Abu Jir, Dead Sea, Kirkuk,
etc.).



Bitumen
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Figure 4. Plot of §"°C vs 6D in asphaltenes of Tell el'Oueili and some references from other archaeological sites (Susa in
. _ - Iran, Babylon, Tell es-Sawwan and Uruk in Iraq) and natural asphalt deposits (Hit-Abu Jir in Iraq). Samples of Tell el’Oueili
Figure 6. Changes in bitumen import routes to Tell (i.e. with numbers) are presented according to their dates: Ubaid 0 (5800-5400 BC), Ubaid 1 (5400-4800 BC), Ubaid 2

cl'Oueili through time. (&) Ubaid 0-1-2, 58004350 BC; (48004550 BC), Ubaid 3 {4550-4000 BC), Ubaid 4 (4000-3700 BC), Late Uruk (3500-3200 BC).
(b) Ubaid 3-4, 4550-3700 BC; (¢) Uruk, 3500-3200 BC.
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Fig. 1. Southern Gulf lowlands of Mesoamerica showing collection locations of field and archaeological bitumen samples. Field samples: (1) Jaltipan,
seep; (6) La Cangrejera, seep; (7) Rancho Orel, seep; (8) Emilio Carranza, seep; (9) Paso Nuevo, seep; (11) Coatzacoalcos, beach; (13) San
Cristobal, seep; (14) Sayula, well; (16) La Concepcion, seep; (20) San Carlos, seep. Archaeological samples: (101) El Remolino, El Bajio area, Profile
Operation, Domestic Area-2; (102) El Remolino, El Bajio area, Profile Operation, Domestic Area-1; (103) El Azuzul, Represa; (104) Isla Alor, Unit
1; (105) Loma del Zapote; (106) Paso los Ortices, Unit 1, bitumen pit feature; (107) San Lorenzo, A4, Ilmenitas; (108) San Lorenzo, B3—5; (109) San
Lorenzo, C3, Monument 14; (110) San Lorenzo, D4—22; (111) San Lorenzo, B3, Monument 57; (112) San Lorenzo, D5—31; (113) El Macayal,
Unidad Villaseca; (114) La Nueva Abundancia, Pozo 12; (115) San Lorenzo, C5—6. Symbols correspond to geochemical classification.










Vceli vosk

= sekret v€ely medonosne (Apis mellifera), material se ziskava pietavenim plastli v horke
vodé. Je tvoren zeyména voskovymi estery (72 %), zejm. myricylpalmitdtem
(C,5sH5,CO0C;,Hg,), volné MK (cca 13 %) a uhlovodiky (12 %) s poctem uhlik C,5-Cs,.

Bt 62-65 C

O

H3¢C 15— C—0—CzoHgy
CasHoO2

palmitic acid ester of myricyl alcohol

hexagicosan acid ester of myricyl alcohol

H31C15—C—0=Cy6Hag palmitic acid ester of cetyl alcohol

CapHeaOs

HBC\/\/\/\/\/\/\/\/\/\/\/\/\/\/\(O

CaoHeO2 melissic acid Ol
]

ch/\/\/\/\/\/\/\/\/\/\/\/\)]\m

CzeHz20s cerotinic acid



Tel Rehov, S lzrael;
cca 900 B.C.

30 intaktnich ald, véetné
pozUstatky plastvi a vosku

Dosud nejstarsi znamé intaktni
ualy.




Main molecular components

Physico-chemical processes

Degradation products

Physico-chemical processes

Raw beeswax

l n-alk;r;es I

| esters

Sublimation Hydr?lysis
alcohols palmitic
acid |
|
|
Sublimation
n-alkane depletion partial or

(preferentially low carbon-numbered)

total disappearance

flavonoids

CheLicaI

degradation

phenolic
derivatives

Sublimation

partial or
total disappearance

Figure 8 A summary of the physico-chemical mechanisms involved in beeswax degradation.



Chronological scale

4000 3000 2000 1000 0 1000
| I I I I |

Neolithic Neolithic Late Minoan lamps Medieval ceramic

ceramic ceramic Mochlos site vessels

vessels vessels Crete (4) West Cotton site

Ergolding Chalain site Great Britain (5)
Fischergasse site France (3)
(Altheim culture) )

Wall paintings
Pompél (9)
Egyptian amulets (10)

Figure 2 An overview of the chemical identification of beeswax in archaeological remains in Western Europe
and Egypt. 1, Evans and Heron (1993); 2, Heron et al. (1994); 3, Regert et al. (1999); 4, Evershed et al. (1997);
5, Charters et al. (1995); 6, Colinart et al. (1999); 7, Ramer (1979); 8, White (1978); 9, Kiihn (1960); 10, Colinart
(1987).



Silicitovy nozik s ndnosem organické
hmoty (pozdni eneolit).
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Hmotnostni spektrum (DIP-MS) vzorku organické hmoty z Dolni Sukolomi (A) a recentniho vosku (B)
pro energii ionizace 70 eV.



Parafin

Parafin (téz parafin, parafinovy vosk) je bila, v surovém stavu spisSe nazloutla az
nahnédl3, amorfni smés vyssSich nasycenych alifatickych uhlovodikd (alkanu). Je bez
chuti a zapachu, ve vodé nerozpustny.

Ziskava se pri destilaci ropy nebo krystalizacnim odparafinovanim hnédouhelného
dehtu, popripadé se vyrabi katalytickou syntézou. Poprvé jej z dehtu izoloval Karel
Ludwig von Reichenbach v Blansku v roce 1833.[2] Teplota tani se pohybuje od 42

C (parafin mékky) do 65 C (parafin tvrdy) i vySe, teplota varu je zhruba 300 C.
Parafin je smés pevnych uhlovodikl rady C H,, ., (alifatickych-rovinnych) (alkanu).
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Kamenouhelny dehet

Suchou destilaci cerného uhli

Uhelny kreosot, kreosotovy olej




Kamenouhelny dehet
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Figure 1. Total ion current (TIC) chromatogram given by the solvent washing of

caulking material from the Tredunnoc boat.
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Vyroba vapna

. ’ ’ . . , THE LIME CYCLE
— jedna ze zakladnich surovin ve stavebnictvi i bt

CaCy

Limeshone
markie, crals

.‘—l [ .
H.O ahel of bivea martar \— HEAT
Eyapovaion B
I_:" co
‘:':':- 3 Fl
CaCO, — CaO + CO,1 (AH =178 kJ.mol!)
CalOHl; »— ; Cab
Shaked or =+ Cuticklime
H:.LI-:i:-.*d:Ih.u-'-: h"“—""‘ I:aL:u:fn g:l-l:e

Caicium Hydronide "I"i"
H=Cr

Elaking




Hruba Vrbka ("Za Barinou,,), (doba fimska)

- osidleni ze starSi a pozdni doby fimské. Kromé zarizeni na vyrobu a zpracovani
vapna byl na lokalité prozkouman jednoprostorovy zahloubeny objekt s typickou
Sestikulovou konstrukci po obvodu (tzv. chata) s bohatym inventafem (napf.
sklenéné koralky, hfeben atd.).

SOPOUCH

Kanalova pec pracuje na principu
zihani vapence (CaCO,) dlouhym HLINENY vEMAZ
plamenem (750 - 1000 C), ktery
pozvolna prostupuje samonosnou
kamennou klenbou, zbudovanou
rovnéz z vapence. Vysoka teplota
zpusobuje unik CO, za vzniku CaO.
K vypalu jednokanalové pece o
vyrobnim objemu cca 0,8-1,0m3  , crovicivinme
vapence bylo spotrebovano cca 2 - POHRABC
4 m3 dreva. Sl o
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Hruba Vrbka

(doba fimska)

InfraCervena spektrometrie

Pasy uhliCitanu a
kfemicCitanu indikuji vysoky
obsah kifiemene ve vzorku.
Jde patrné o vyrobni
odpad.

absorbance (a.u.)

absorbance (a.u.)

3.2 ~

1435

1041

874

713

476

2400

3.6

3.2

2.8

2.4

2000

1600 1200
vinocet (cm-1)

1041

800

400

2400

2000

1600 1200
vinocet (cm-1)

800

400



