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2 POUZITE ANALYTICKE METODY

V ramci vysledk uvedenych v této monografii byl zdkladni metodou materidlového prizkumu keramickych hmot
kachld, dlazdic a drobné keramické plastiky zvolen mikropetrograficky rozbor. Tato metoda prinasi nejdtlezitéjsi in-
formace o stifepu — zastoupeni ulomku a hornin, teplotu vypalu, povrchové upravy apod. Druhou nejpouzivanéj$i meto-
dou je elektronova mikroskopie s energiové-disperznim analyzatorem u keramickych artefakti opatfenych glazurou.
S pomoci této metody jsme stanovovali chemické sloZeni glazur. Ostatni niZze uvedené metody byly aplikovany v pripadé
vyskytu specifického technologického jevu.

Petroarcheologicky vyzkum (mikropetrograficky rozbor) kachld, dlazdic a drobné keramické plastiky se stal jednim
z prostredkd, jak overit a uptresnit makroskopickd, empirickd posouzeni keramiky, a zejména néstrojem identifikace
ptvodu vyrobni suroviny, zvlasté nékterych ndpadnych primési, jako je drt hornin s hrubozrnnym kiemenem nebo
slidami. Petroarcheologie je definovana jako jeden ze smért aplikované petrologie nebo petrografie. Jde o interdiscip-
lindrni zameéreni archeologie a petrologie, které pouziva petrologické metody pro studium archeologickych materiald.
Petroarcheologie studuje nejen keramiku a kamenné artefakty, ale i dalsi archeologické materidly, jako jsou stavebni
hmoty, sklo, kovové artefakty a strusky. Jiz v minulosti se v fadé pripada potvrdilo, Ze makroskopické posouzeni nemu-
si vZdy odrazet skutecné petrografické rozdily. Prokazatelnost vysledkl nebyva vzdy jednoznaénd, priibézné je nutno
je konfrontovat s dal§imi analytickymi metodami a experimentdlnimi vzorky, které jsou vyrobeny z prfedpoklddanych
téZzenych surovin (Gregerova et al. 2010, 56). Technologické procesy maji sv{ij odraz ve struktufe stfepu. Viceméné
stejnorodé vyhlizejici keramicky artefakt mze obsahovat surovinu z réiznych zdroj (riznd mista pivodu, s rozdilnym
horninovym a minerdlnim sloZenim osttiva ¢i pojiva).

2.1 Soucasny stav poznani petroarcheologického vyzkumu kachloveé produkce

V souvislosti s rostouci fadou dil¢ich studii vénovanych petroarcheologii stfedovéké keramiky vzniklo pod vedenim
M. Gregerové rozsahlé kompendium, které mapovalo stav badani na Moravé a ve Slezsku do roku 2010 (Gregerova et
al. 2010). Uvedené poznatky se kamndarské produkce dotykaji spiSe okrajové, protoZze monografie byla primarné zamé-
Fena na studium béZné hrnéiny. Je vS§ak vyznamnym zdrojem mnoha informaci o sloZzeni keramickych hmot a surovin
na celé rade stredovekych lokalit. Obdobné novéjsim kompendiem orientovanym na archeometrické studium stfedo-
véké hrnéirské produkce navazal kolektiv autortl z Masarykovy univerzity a Zapadoceské univerzity v Plzni (Capek et
al. 2018).

V poslednich pétiletech vznikla cela fada prirodovédnych studii, které jsou vénovany specialné studiu stfedovéké kam-
narskeé produkce. Nékolik dil¢ich studii vzniklo pred a v pribéhu reSeni grantového projektu, jehoz vystupem je i tato
publikace. Nejprve se autori zabyvali brnénskou kachlovou produkei a Sifenim vybranych motiv(i za hranice stfedo-
vékého Brna (HloZek-Loskotova 2014, 139-153; Loskotova—-HloZek 2016, 449-460) a dale navazali analyzou pozdné
stredovékého kachlového souboru zelené glazovanych profezavanych kachld z fimsy tzv. rytifskych kamen (andél sti-
tonos$) z brnénské kapituly na Petrové. Mikropetrografickymi rozbory bylo potvrzeno, Ze kachle byly vyrobeny v brnén-
skych dilnéch (Hlozek-Jordankova—-Loskotova 2018, 491-509). Dil¢i problematiku otisk textilu na rubu ¢elnich vyhii-
vacich stén brnénskych kachli demonstrovali trasologickym studiem tfinacti pozdné stiedovékych a rané novovékych
zlomk a torz kamnovych kachld. Dle moznosti byl urcen typ textilni vazby a byla provedena mikropetrograficka ana-
lyza, kterd prokazala u vSech kachll vyrobu z mistni keramické suroviny (Loskotova—HlozZek 2017, 849-861). Na pro-
blematiku $ifeni konkrétnich motivi navazali petroarcheologickym studiem kolekce kachlovych reliéf vénovanych
v Sir§im kontextu novozakonnimu tématu klanéni. Rozbory keramické hmoty dokladaji rizna mista vyroby shodnych
reliéfd, lokalizovatelna do oblasti nalez téchto kachld. Analyzy reliéfii ukazuji na ptivod kachli ze shodnych matric ¢i
forem a nabizeji tak vice interpreta¢nich moznosti ve formdch jejich Sifeni (Hlozek-Tymonova 2018, 511-535). Obdob-
né problematice poznavani technologie a provenience kachld na stfedoveékych lokalitach se vénovaly i dalsi autorské
kolektivy. Mikropetrografické rozbory byly aplikovany u keramické produkce z trati Ohrada u hradu Lichnice. Vedle
kuchynské a stolni keramiky se studie vénuje nalezim keramiky kamnarské a stavebni, které nejsou pro lokalitu tohoto
typu zcela béZné (Tésnohlidkova—Slavicek—VSiansky 2019, 383-419). Analyzam glazur na reliéfnich kachlich z Praz-
ského hradu se z hlediska jejich technologie, degradace a postuptl restaurovani vénoval kolektiv autor? z VSCHT Praha.
Pri prizkumech celou fadou analytickych metod — optickou mikroskopii, rentgenovymi analyzami (XRF, pXRF, XRD),
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Ramanovou spektroskopii (RS) a termickou analyzou (DIL) bylo potvrzeno, Ze Fada defekt glazur vznikla jiz béhem vy-
palu. Tato poSkozeni byla pak vlivem uloZeni v agresivnich podminkach prohloubena (Klouzkova et al. 2019, 116-125).
V ned4vné dobé vyznamné rozsiril technologické poznatky o vyrobé reliéfnich kachli ve své monografii J. Zegklitz, kte-
ry vychazi z poznatkd zpracovani rozsahlého souboru 30 000 kust vyrobkd z dilny prazského méstana a hrnéirského
mistra Adama Spaéka v Truhlafské ulici na Novém Mésté prazském (Zegklitz 2019). Popisem technologii v kombinaci
s poznatky vysledkt aplikace analytickych metod se zabyval M. Erneé, ktery zpracoval nalezy gotickych kachli z hra-
du a zamku v Ceském Krumlové. Vysledky shrnul v monografii (Erneé 2008), ve které vychazi z jiz dfive publikované
diléi studie vénované materidlovym prazkumtim kachld, ktera vznikla ve spolupraci s VSCHT v Praze. Zde je nutné
poznamenat, Ze prvni materidlové prizkumy a technologické zkousky resici vyrobu stiedovékych kachld probéhly na
Katedre technologie silikat( jiz v 80. letech 20. stoleti (Miksik—-Hanykyi—Hazlbauer 1986, 505-513). Provedené analyzy
kachlového materidlu z Ceského Krumlova (mikropetrografické rozbory, XRD, XRF) ukazaly, Ze k vyrobé kachll pou-
zivaly dilny suroviny z nékolika mist. Specifikem zdejsi kachlové produkce je pridavani grafitu do keramické hmoty
kachlli. Autori se domnivaji, Ze mél nahrazovat hrubozrnny kfemen v ostrivu. U jinych exemplara kachld byla pritom-
nost grafitu v keramické hmoté spiSe disledkem kontaminace vytvareci hmoty. Teploty vypalu kachl( se na zékladé
zmén minerald pohybovaly kolem 800-900 °C (Ernée—Hanykyr—Maryska 2004, 175-222). Tyto prace navazuji na ce-
lou Fadu starsich studii popisujicich stFfedovéké kachle véetné technologickych postupt vyroby (napf. Smetanka 1968,
543-578, Hazlbauer 1986, 489-503).

Analytickymi metodami byla studovana kamnéafska produkce i na Slovensku. Kolektiv autori z Masarykovy univerzi-
ty provedl archeometricky vyzkum souborfi rané novovéké keramiky ze severozapadniho Slovenska (Zilina, Budatin
a Lietava), ktery zahrnoval i kamnaiské vyrobky (Slavi¢ek—Petiik-Spanihel 2020, 405-428). Zelené glazované kachle
z Banské Bystrice a dalSich péti lokalit na Slovensku a v Madarsku studoval archeometrickymi analyzami kolektiv ba-
datel@l z Budapesti. Na zakladé mineralogického sloZzeni dospéli k zavéru, Ze kachle pochazeji z nejméné tri dilen. Za
technologicky vyspélejsi skupinu povazuji kachle s polychromnimi glazurami zakalenymi oxidy cinu (Gyorkos et al.
2018, 45-56). Madarsti badatelé navazuji na rozbory, ve své dobé unikatni a jedine¢né, za ic¢elem stanoveni provenien-
ce kachld metodou neutronové aktivacni analyzy (NAA), jejiz vysledky v nékolika svych pracich vyuzil I. Holl. Pfedpo-
kladal import poéetné omezené kolekce na vétSi vzdalenost, z oblasti Salcburku do uherské Budy, konkrétné u pestre
glazovanych pozdné stfedovékych kamen (Holl-Balla 1994; Holl 1995). Pomoci NAA bylo exaktné u ¢asti kachlové pro-
dukce prokazano slozeni polev a material odlisné od soudobé budinské produkce (Holl 2001).

Z Rakouska byly v rdmci magisterské diplomové prace publikovany vysledky SEM-EDX analyz podlahovych dlazdic
z méstského hradu Gozzoburgu v Kremsu. Analyzované dlazdice typu Gozzoburg a typu Altenburg maji témér vsechny
hnédou, hnédozelenou nebo nazelenalou glazuru. Jednad se o jednoduché, Cisté olovnaté glazury, jen vjednom exempla-
Fi byla namérena nizkd koncentrace zinku, kterd mohla ovlivnit zbarveni glazury (Bajc 2013, 40—-44).

Polskymi badateli byly analyzovany metodami mikropetrografického rozboru, SEM-EDX a XRF soubory stfedovékych
dlazdic z archeologickych vyzkum od 19. stoleti do sou¢asné doby shromazdéné v krakovskych muzeich. V souborech
se objevuji vyspélé technologické postupy inkrustace vyzdobnych vzord kaolinovou hlinkou, kterd je prekryta vrstvou
transparentni glazury. V glazure dlazdice datované do 14. stoleti byl unikatné identifikovan cin, coz je ve zdej$im pro-
storu typickym jevem az od 16. stoleti (Glowa 2014, 91-104).

2.2 Mikropetrografické rozbory

Mikropetrografické rozbory umoziiuji ziskat z keramického artefaktu co nejvice poznatkd, at jiz jde o zakladni pred-
stavu o jeho uzitné hodnoté, nebo o moZnost na zakladé specifickych znalosti vyvodit zadvéry o pouZitych surovinach,
zplisobu tvarovani a dekoru keramického vyrobku. To v§e nam dovoluje ucinit si pfedstavu o technologické vyspélosti
vyrobcli v urcité dobé a urcitém regionu. Petroarcheologie keramiky ndm poskytuje zédkladni informace o latkovém
sloZeni, chemismu, teplotach vypalu a zméndch realizujicich se v keramickych artefaktech béhem dlouhodobé depo-
zice v antropogennich ptdnich horizontech. Analyticka data jsou ziskdvana metodami bézné pouzivanymi v geologii.
Mikropetrografie (keramicka petrografie) je analytickd metoda zaloZenda na optické mineralogii a petrografii. Vyuziva
znalosti o tvarovych a optickych vlastnostech minerald a hornin, které 1ze identifikovat pomoci bézného optického mi-
kroskopu. Nazev mikropetrografie je volen s ohledem na velmi malou velikost horninovych klastd, jejichz identifikaci
1ze provést pouze s pouzitim petrografického mikroskopu. Petrograficky polariza¢ni mikroskop je vybaven polarizac-
nim zafizenim, které dovoluje studium v prochdzejicim nebo v odrazeném svétle. Studium se provadi na vybrusovych
preparatech (krytych nebo lesténych) o mocnosti kolem 30 ym. Moderni petrografické mikroskopy dovoluji provadét
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fotodokumentaci studovanych jevi v PPL (Plane Polarized Light) a XPL (pripadné CPL = Cross Polarized Light; Gregero-
va 1996; Gregerova et al. 2002).

Ve vybrusovych preparatech keramickych artefaktdl jsme schopni v souladu s technologii keramiky postihnout poro-
situ, pojivo a ostrivo. V ostfivu lze pak identifikovat nejen ulomky minerald a hornin, ale i ilomKky starsi keramiky, kos-
ti, fosilie atd. Vysledky m@zZeme uvést pouhym popisem nebo procentudlné — kvantitativni analyzou. U ostfiva a pora
sledujeme velikost, tvar a prostorovou orientaci. U tlomkd minerali a hornin analyzujeme stupen pfemény, barevné
zmény, zmény optickych vlastnosti, vznik skloviny apod. Rovnéz lze charakterizovat vzajemné vztahy mezi pojivem
a ostrivem, absolutni velikosti ulomkt ostfiva. Identifikujeme sekundarni mineralizaci a zmény, které odrazeji ¢asto
i nékolikatisicileté vlivy padnich horizontd a migrujicich fluid. Na zakladé analyzovanych zmén fyzikalnich a optic-
kych vlastnosti vybranych minerald jsme schopni orientacné urcit i teplotu vypalu. Témeér u kazdého keramického ar-
tefaktu Ize identifikovat charakter vypalovaciho prostfedi (oxida¢ni, redukéni), nebo zda byl keramicky strep vystaven
vicendsobnému zaru. Pomoci petrografického polariza¢niho mikroskopu mtzZeme objektivné klasifikovat mikrostruk-
tury keramiky a charakterizovat pojivo (Gregerova et al. 2010, 55). U vSech analyzovanych vzork hmot kachl, dlazdic
a drobné keramické plastiky jsme pouzili polariza¢ni mikroskop Olympus BX51. V této ¢asti neuvadime priklady apli-
kace, protoze vysledky mikropetrografickych rozbor keramickych hmot jsou podrobné uvedeny v dalSich kapitolach.
Provadéni mikropetrografickych rozbort spada do Sirokého spektra mikroskopickych metod. Jednou z podskupin mi-
kroskopickych metod je digitdlni 3D mikroskopie. Pomoci digitdlniho 3D mikroskopu KEYENCE byly zdokumentovany
otisky prstli a dalsi pracovni stopy. Vyrazné pracovni stopy byly zdokumentovany na kachlich z hradu Javornik, na
kterych jsou patrné otisky prstli vzniklé silnym tlakem na keramickou hmotu pfi vtlacovani hliny do kadlubu i otisky
textilu, separa¢ni vrstvy branici nalepeni keramické hmoty na dlané a prsty. Trasologické stopy byly dokumentovany
ina povrchu keramickych dlazdic z Brna. Jednd se o drobna mechanicka poskozeni povrchu glazury nebo vlastni kera-
mické hmoty vznikla kontaktem se stfedovékou obuvi, ve které byla zachycena zrna pisku. Stejnym typem mikroskopu
byl analyzovan vybér tFinacti pozdné stfedovékych a rané novovékych zlomka a torz kamnovych kachli s otisky textilii
na rubu Celni vyhrivaci stény. Kachle pochazely ze sedmi brnénskych lokalit, u nichZ byl dle moZnosti uréen typ textil-
ni vazby a byl proveden mikropetrograficky rozbor. Rozbory u vSech exemplait potvrdily vyrobu z mistni keramické
suroviny ziskavané z jednoho rozsahlejSiho téZebniho aredlu na terase feky Svitavy. Pouziti textilie je spojeno s mate-
ridlem stfedni zrnitosti a ovlivnéno individudlnim zvladnutim procesu formovani ¢elni vyhfivaci stény. Z vyhodnoceni
exemplard s otisky textilii a analogickych nalez( bez téchto stop vyplyva, ze textilie nebyla pri formovani pozdné go-
tickych a renesancnich reliéfG pouzivana plo$né. Je velmi pravdépodobné, Ze vSechny analyzované kachle pochazeji
z jedné dilny (HloZek—-Loskotova 2017, 849-861).

2.3 Skenovaci elektronova mikroskopie s energioveé-disperznim analyzatorem

Skenovaci elektronova mikroskopie (SEM, Scanning Electron Mikroscopy) je instrumentdlni metoda, ktera je uréena
zejména k pozorovani zvétsenych povrchi nejriznéjsich objekt. K zobrazeni predmétu metodou skenovaci elektrono-
vé mikroskopie Ize vyuZit sekundarni elektrony (metoda SEI, Secondary Electron Imaging), odraZené elektrony (meto-
da BEI nebo BSE, Back Scattered Electron Imaging). Pfistroj pracujici touto metodou nazyvame elektronovy mikroskop.
Tento pristroj 1ze do jisté miry povazovat za analogii svételného mikroskopu v dopadajicim svétle, ale na rozdil od ného
je vysledny obraz tvoren pomoci sekundarniho signalu — odrazenych nebo sekundarnich elektront (Hlozek 2008, 127).
Diky tomuto principu je zobrazeni v SEM povazovano za nepfimou metodu. Velkou pfednosti SEM v porovnani se své-
telnym mikroskopem je jeho velka hloubka ostrosti, diky niz lze v dvojrozmeérnych fotografiich ze SEM nalézt i jisty
trojrozmeérny aspekt. Dal$i prednosti téchto mikroskopt je, Ze v komofe preparatd vznika pri interakci urychlenych
elektronti s hmotou vzorku kromeé vyse zminénych signald jesté rfada dalsich, napt. RTG zafeni, Augerovy elektrony, ka-
todoluminiscence, které nesou mnoho specifickych informaci o vzorku. Pti jejich detekci je mozné urc¢it napf. prvkové
sloZzeni materidlu v dané oblasti a pfi porovnani s vhodnym standardem uréit i kvantitativni zastoupeni jednotlivych
prvki. Elektronova mikroanalyza (EDX, Energy Dispersive X-ray spectroscopy) vyuziva emise rentgenového zarend,
které vznika po dopadu proudu rychlych elektronti na pevny material a k identifikaci chemického sloZeni tohoto mate-
ridlu. Detekce rentgenového zareni maze byt u této metody zaloZena na energii RTG kvant (energiové-disperzni analyza).
Chemické sloZeni glazur bylo stanoveno lokalni elektronovou mikroanalyzou pomoci elektronového mikroskopu Phi-
lips XL 30. Detailni analyza prvkového slozeni kovi je také béznou souc¢asti méreni v elektronovém mikroskopu. Mik-
roanalyzy vzork{ byly provedeny na analytickém komplexu PHILIPS-EDAX. Byla uzita bezstandardova analyza s dobou
nacitdni spektra 100 s a urychlovacim napétim 20 kV.
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Chemickym analyzam pomoci elektronového mikroskopu byly podrobeny vzorky glazur odebranych z kachld, dlazdic
a drobné keramické plastiky. Glazuru mame moZnost pozorovat i dokumentovat pti pozorovani mikrostruktur polari-
za¢nim mikroskopem a chemicky analyzovat i metodou XRF. Glazury jsou anorganicka skla natavend v tenkych vrst-
vach na povrch keramického vyrobku. Maji vyznam esteticky i technicky. Z estetického hlediska zlepsuji vzhled vyrob-
ku naprt. hladkosti, leskem, barevnosti, umoziuji rizné zptisoby dekorace a mohou zakryt drobné&jsi vady na povrchu.
Z technického hlediska glazura zajistuje nepropustnost vyrobku pro kapaliny a plyny, zvyS$uje odolnost keramiky proti
plisobeni vnéjsich vlivl, véetné chemickych Cinidel, a dokdze zvySovat mechanickou pevnost. Teplota taveni glazur
zavisi na teploté vypalu nebo slinuti keramiky a u kachld se pohybuje v intervalu od 870 do 1050 °C. Keramické vyrobky
byvaji ve vétsiné pripadl povrchové upravovany. Kromeé riznych zptsobli mechanického opracovani byvaji na jejich
povrch nanéaseny a fixovany vypalem bud hutné vrstvy, engoby, nebo skelné vrstvy, glazury. Povrchové vrstvy se mohou
také dekorovat. Glazury se svym sloZzenim neliSi od sklarského kmene, k jejich vyrobé se ¢asto pouZivalo podobnych
surovin jako pro vyrobu nasttepi. Lze je rozd€lit na hlavni sklotvorné suroviny, tj. kfemen, Zivce, kaolin, vadpenec a ve-
dlejsi suroviny, které se pouzivaji v mensi mife. Mizeme mezi né zatradit tzv. kaliva a odstiniva a rizné barvici prisady.
Zakalovani glazur bylo provadéno nerozpustnymi kalivy (SnO,, kostni popel), tedy rozptylenim velmi jemnych ¢dstic,
které se béhem vypalu ve vzniklé taveniné nerozpusti.

U kachld jsme polarizaénim mikroskopem dokumentovali u vét$iny kachlové produkce bézné technologické postu-
py, kdy je glazura nanesena primo na keramicky stfep nebo vrstvu engoby. U nékolika desitek strepll jsme v pribéhu
analyz zdokumentovali zajimavy jev. V nékterych pripadech pti vypalu glazovanych kachld dochazi ke vzniku tzv. me-
zivrstvy. Jednad se o specifickou vrstvu, kterd vznikd mezi stfepem a glazurou v pfipadé, Ze stfep byl vypalen na nizsi
teplotu, nez je vypal s nanesenou glazovaci suspenzi. Jinak lze u bézné stfedovéké kachlové produkce konstatovat, ze
se vyskytuji tfi hlavni barvy glazur: zelend, Zluta a hnédda. Ukazalo se, Ze barevnost glazury ovliviiuje barva keramické
hmoty pod glazurou. VétSina téchto glazur je polotransparentnich, takze lze pod nimi pozorovat i pavodni stfep, napr.
kachle s oranZovym glazovanym povrchem (napf. nalezy z hradu Helf$tyn) vznikly barevnou interakci cihlove Cerve-
ného stiepu a Zluté glazury. Tento jev museli kamnafi/ hrnéifi vypozorovat a zacali na keramicky stfep nanaset bélavé
nebo svétle béZové engoby. Timto postupem alespon ¢aste¢né zajistili, aby vynikla vlastni barva glazury. Pozdéji zacali
nandaset na vyrobky glazury, které byly zakalovany pridavky oxid@ cinu nebo kostni mouckou, a tim se zabrénilo pro-
svitdni keramického povrchu. Specifickou skupinu ve sledovanych souborech tvorily pozdné stfedoveéké polychromni
nékolika barvicich prvki, takze se zde vyskytuje fialové a riizové zbarvend glazura. Modra glazura je jiz probarvovana
kobaltem. Tyto glazury se chemickym sloZenim velmi podobaji novokrténské produkci.

2.4 Rentgen-fluorescencni analyza (XRF)

Rentgen-fluorescencni analyza (XRF) je nedestruktivni analytickda metoda zaloZend na buzeni a detekci tzv. charak-
teristického zareni. Emise charakteristického zareni z méreného predmétu je vyvoldna dopadem zafeni X nebo gama
z vhodného zdroje tohoto zareni. Po dopadu zareni X nebo gama dochézi v pfedmétu k ionizaci a excitaci atom a pri
nasledné deexcitaci se emituje zafeni X, nazyvané charakteristické zareni. Jelikoz energie charakteristického zareni
je zavisld na atomovém ¢isle prvku, nebot je rovna rozdilu energii elektronovych hladin v atomu daného prvku, spek-
trometrie charakteristického zareni dovoluje identifikaci prvk( a kvantifikaci jejich mnozstvi ze spekter tohoto zare-
ni namérenych spektrometrickym detektorem fotonového zareni. Vyvoj novych zdroji a detektor® ionizujiciho zareni
umoznil konstrukci pfenosnych aparatur, které dovoluji mérfeni mimo laborator. Tato multielementdrni analyza umoz-
nuje identifikovat hlavni sloZky méreného predmétu kratce po zahajeni mereni. Diky tomu Ize vyvozovat nékteré zaveéry
uz v dobé analyzy a prizplisobit tomu postup dalSich méreni. Pri vhodné zvolené energii primarniho zareni mohou
byt identifikovany veSkeré prvky s vyjimkou téch s nizkym atomovym ¢islem, napf. prvky organickych slouéenin, ne-
bot emituji charakteristické zarfeni nizkych energii, které je vyznamné absorbovano v méfeném predmeétu, vzduchu
avstupnim okénku detektoru. Bézné pristroje pro XRF jsou schopny dobfe mérit prvky s atomovym ¢islem priblizné od
16 (sira). Metoda XRF byva fazena k metoddm povrchové analyzy, nebot primarni zareni ze zdroje i charakteristické-
ho zareni jsou v predmétu silné absorbovany a namérené spektrum charakteristického zareni popisuje pouze slozeni
povrchu predmétu. TlouStka analyzované povrchové vrstvy zdvisi na energii primdrniho zafeni a na koncentracich
prvkd. S vyjimkou méfeni organickych sloucenin se tloustka analyzované povrchové vrstvy pohybuje v fadu desitek
mikrometrd. V pripadé nehomogenniho rozlozeni prvka plati, ¢im jsou dané prvky pritomny blize povrchu, tim vice

.....

marniho zadfeni ve vétSich hloubkach a jednak vyssi absorpci charakteristického zateni pri vyletu z méreného pred-
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meétu. Kromé kvalitativni analyzy, jejimz cilem je identifikovat veSkeré pritomné prvky, mohou byt namérena spektra
vyuzita i pro kvantitativni analyzu, kterd poskytuje informaci o koncentracich prvka nebo o tloustkach povrchovych
vrstev. Spektra charakteristického zareni nejsou témér ovlivnéna chemickou formou pritomnych prvka. Z toho vyply-
v4, Ze provedend analyza neumoznuje stanovit, v jakych chemickych slou¢enindch se identifikované prvky v pfredmetu
nalézaji. Jen v nékterych pripadech lze z poméru hmotnostnich zastoupeni prvkd usoudit, jaké chemické slouceniny
vytvareji. Postup méreni zalezi na vlastnostech konkrétniho pristroje a zkoumaného predmeétu. Nepozaduje-li se pres-
na kvantitativni analyza, neni nutné provadét upravu predmétu nebo vzorku pred mérenim. Jen v pfipadé vyznamné
kontaminace povrchu predmétu je zadouci tyto necistoty odstranit, aby neovlivnily vysledek méreni. Doba méreni je
zcela volitelnd a obvykle éini nekolik desitek sekund. S rostouci dobou méreni klesaji detekéni limity pro identifikaci
prvkl a zvysuje se tedy pravdépodobnost, Ze budou identifikovany prvky pfitomné pouze ve stopovych mnozstvich.
Diky vSéem uvedenym vyhoddm je XRF vhodna k méfeni velkého poctu archeologickych nalezt, a to pfimo v terénu
nebo v depozitafi muzea, bez nutnosti pievozu k analyze do specializované laboratoie (Cechak-HloZek-Musilek-Trojek
2007, 54-57).

K analyzam keramickych artefakt jsme pouzili prenosny ru¢ni ED-XRF spektrometr NITON XL3tGOLDD+. Méfeni bylo
provadéno nedestruktivné bez upravy zkoumanych vzorkt. Z toho divodu je nutné brat s jistou rezervou procentudlni
zastoupeni prvki, protoze do chemického slozZeni glazury se promita keramicky povrch artefaktu. Metodu XRF jsme
aplikovali jako doplniujici metodu v pripadech, kdy jsme nemohli odebirat vzorky glazur. Jednalo se prfedevSim o exem-
plare kompletnich kachl nebo drobné keramické plastiky.

2.5 Rentgenova difrakéni analyza (XRF)

Cilem rentgenové difrakéni analyzy je urceni fazového (minerdlniho) sloZzeni zkoumaného vzorku. Rentgenova analy-
za je v tomto sméru univerzalni metodou. Stanoveni vychazi ze zasady, Ze neexistuji dvé rizné latky (faze, mineraly),
které by mély identicky difrakéni zaznam. Kazda krystalicka faze (minerdl) se vyznacuje osobitym poctem difrakénich
linii, charakterizovanych v difrakénim zdznamu konkrétni polohou a intenzitou. Je-li vzorek sloZzen z vice fazi, bude
difrakéni zaznam smési superpozici difrakénich zaznamt v§ech zucastnénych komponent. Pro ucely identifikace fazi
se pouziva difrak¢énich zdznamd, ziskanych praskovou metodou. K identifikaci zjistovaného nerostu se obvykle pouziva
nékolik nejintenzivnéjSich linii praskového diagramu, které se oznacuji jako charakteristicke linie. V sou¢asné dobé¢ 1ze
vyuzit pro usnadnéni hledani rizné pocitacové programy, které automaticky porovnavaji zaznam zkoumaného vzorku
s difrakénimi zaznamy rdznych minerald v databazich. Uprava vzorku se 1i§i podle pouZzité metody. Dne$ni pFistro-
je jsou schopny analyzovat i povrch kamennych nastroji nebo keramiky, ale vétSinou se z divodu presnosti pouziva
praskova analyza. Pro praSkovou analyzu se vzorek upravi do podoby jemného prasku. Pripravé vzorku pro praskovou
metodu je tfeba vénovat patficnou pozornost. Obvykle se vyseparovany mineral roztira v achatové tfeci misce. Pokud
se material rozetfe malo (tj. je ptilis hrubozrnny), difrakéni linie nejsou spojité, ale rozpadaji se na jednotlivé skvrny.
Extrémneé jemné rozetfeny materidl zase nemusi difraktovat RTG zareni (dojde k tzv. amorfizaci vzorku). Pfi roztirdni
je tfeba uvazovat i 0 mozné zméné modifikace zkoumané latky, k niz mtze dojit plisobenim tlaku nebo vysoké teploty
pri roztirani (pri ruénim tfeni v tfeci misce lze dosdhnout teploty az 300 °C). Vysoka teplota miize zplsobit i ztratu
krystalové vody u hydrati (a ndsledné tedy i zménu jejich struktury). Rozpraskovany material se pak upevni vhodnym
zpusobem do drzaku. Prasek se bud napéchuje do nosice (napf. Zelatinové trubic¢ky), nebo se rozmicha s disperznim le-
pidlem a smés se nakapne na umélohmotnou félii. Vzorek je ozafovan rentgenovym zarenim tak, ze se detektor pomoci
automatické mechaniky béhem analyzy pohybuje po ptlkruhové draze. Zaznamendava postupné rentgenové zareni dif-
raktované pri riznych thlech. Méfeni jsou zpracovavana a vyhodnocovana ridicim pocita¢em (Dolni¢ek 2005, 40-45).
Praskova rentgenova difrakce byla aplikovana v pripadé drobné keramické plastiky z Olomouce (Hrnéirska ulice). Na-
znacéeni vrapeni Satu provedené svislymi ryhami bylo vyplnéno bilou pastou. Analyza odebraného vzorku bilé hmoty
prokazala pouziti plavené kfidy. Stejnou metodou byly analyzovany sekunddrné nandSené pigmenty na kachlich rytif-
skych kamen z JindFichova Hradce.

2.6 Radiografie

Radiografie (skiagrafie, rtg prozarovani) je prfedev§im znama jako diagnostickd metoda v 1ékatstvi pro zobrazeni tvr-
dych i mékkych lidskych tkani, kterd vyuziva rtg zafeni. Paralelné je vyuzivana v technickych aplikacich k prozarovani
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celé skdaly material. Funguje na principu rozdilné hodnoty pohlceni prochazejiciho svazku rtg zareni riznymi mate-
ridly. Vysledny obraz je zachycovan na citlivy materidl — rentgenovy snimek nebo detekéni systém pristroje (timto se
metoda odliSuje od radioskopie — skiaskopie, kde je dany obraz pouze pozorovan, avSak neni zachycen na zdznamové
meédium). Z obrazu poté mizZeme odhadnout vnitFni stavbu nebo skryté defekty struktury (Hlozek 2008, 180).

Pomoci radiografie byl dokumentovan hnédé glazovany kachel s motivem provinilého lva z Olomouce (Barvirska ulice,
viz s. 281). Pfi podrobném makroskopickém studiu byla v klikatce nad medailonem s postavou lva pozorovana néko-
lik centimetrd dlouhd linie vyplnénd glazurou tmavé hnédého zbarveni. Za tcelem potvrzeni pritomnosti praskliny
bylo provedeno RTG snimkovani. K prozarovani bylo pouzito primyslového rentgenu firmy Balteau (Baltographe 200).
Zarizeni pracovalo pri nastaveni 90 kV, 1.5 mA a expozici 45 s. Byly pouZity filmy znacky Kodak (Kodak INDUSTRIEX
Film T200). RTG snimek prokdzal, Ze vdaném misté vede prasklina, ktera patrné vznikla béhem suSeni kachle. Vyroba
kachl® byla pravdépodobné natolik naro¢nad, ze se kamnari rozhodli tento defekt zamaskovat. Trhlinu béhem glazovani
¢elni vyhtivaci stény vyplnili glazovaci bfeckou, ktera se v ni béhem vypalu pfeménila ve skelnou hmotu.

2.7 Pocitacova tomografie

Pocitacova tomografie (CT) je pristrojova metoda, kterou Ize efektivné aplikovat v ramci reseni specifickych problémi
v archeologii a konzervovani-restaurovani. Vyhodou pocitacové tomografie je moznost nedestruktivniho studia ar-
cheologickych, historickych, pripadné i uméleckych predmétti. Vystupy ziskané touto metodou nam napomaéhaji v fe-
Seni otazky autenti¢nosti prfedmét®i, dokumentuji souCasny stav zkoumanych objektd a dale nas informuji o pouzitych
vyrobnich postupech artefaktd. Pocitacova tomografie pracuje s matematickou rekonstrukci dat, ziskanych z mnoha
sumacnich snimk jednotlivych pri¢nych rezl objektem. Zavedeni pocitacova tomografie do medicinské praxe pfi-
neslo nové diagnostické moznosti a byva svym vyznamem piirovnavano k objevu rentgenovych paprski némeckym
fyzikem Wilhelmem Konradem Rontgenem v roce 1895. Stejné jako RTG i CT se rozsirtilo velice rychle a dnes plni velmi
dtlezitou funkci pri diagnostice v mnoha medicinskych oborech. Samotnd teorie rekonstrukce tomografického (z rec-
kého tomeo — Tezat) fezu z mnoha sumac¢nich snimk byla vypracovana Allanem Cormackem jiz v roce 1963. Vzhledem
k ndroénosti rekonstrukce na vypocetni silu v§ak uplynulo takika deset let, nez byl v praxi zkonstruovan prvni pouzi-
telny tomograf — EMI Mark I sestrojeny Godfreyem Hounsfieldem v roce 1972. Na rozdil od klasického RTG vSak neni
zareni registrovano na film, ale je zachycovano pomoci systému detektor pripojenych k pocita¢i. Ten prevadi analo-
govy signdl na digitdlni, ktery dédle zpracovavd, a nakonec jej opéet prevadi na analogovy (vysledny obraz). Stejné jako
RTG je i CT zobrazenim denzit. Namérend data (jednotlivé snimky) jsou ndsledné sloZitymi matematickymi postupy
rekonstruovany do vysledné matice. Ta byva nejCastéji velikosti 512 x 512 bodt. Velikost zavisi nejen na moznostech
pristroje, ale také na pozadovaném prinosu vysSetreni. Spolu se zvétSovanim matice prudce nartista vypocetni naroc-
nost a také ¢as nutny k ziskani dat a tim i radia¢ni zaté€z. Také je nutné si uvédomit, Ze kazdy pixel v matrici nepredsta-
vuje dvourozmeérnou jednotku, ale ma téz svou hloubku danou tloustkou fezu. Proto se pouziva oznaceni voxel (volume
matrix element). ZvySovani rozliSeni matrix bez sou¢asného ztenceni rezané vrstvy mize prinést jen omezeny efekt
a Casto je spiSe zdrojem artefakti (HloZek 2008, 202). CT je bezesporu diagnosticky velmi pfinosnym pristrojem, ktery
se stale se zlepSujicimi technologiemi m@iZe kromeé oboru lékarské ¢innosti nabidnout své sluzby radé jinych obort. Je
nepochybné, Ze s dalSim zrychlovanim a zkvalitnovanim CT pfistroji spolu se zdokonalovanim rekonstrukéniho soft-
waru se dale bude rozsirovat indikacni $ife a moznosti vyuziti téchto pristroji v archeologii (HloZek-Krupa-Kristek
2008, 47-52).

Pomoci CT byly identifikovany ptvodni keramické fragmenty, dopliikky provedené séadrou, a navic byly dokumentovany
vyplné textilem, lepenkou, novinovym papirem, dfivky a jsou zaznamendny i otisky prstt a dlani tehdej$ich restaura-
torl. Zplsob provedeni restaurovani a ¢asti identifikovatelného textu z pouzitych novin naznacuji, Ze k restaurovani
kachl® patrné doslo ve dvacatych nebo tficatych letech minulého stoleti.

2.8 Infracervend spektrometrie s Fourierovskou transformaci (FTIR)
Metoda infracervené spektrometrie s Fourierovskou transformaci je zaloZzena na absorpci infraéerveného zareni pti

prichodu vzorkem, pti které probéhnou zmény rotacné vibra¢nich energetickych stavii molekuly v zavislosti na zmeé-
néach dipolového momentu molekuly. Vysledné infracervené spektrum je funkéni zavislosti energie, vétSinou vyjadrené
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v procentech transmitance nebo jednotkach absorbance na vinové délce dopadajiciho zareni. Velkou vyhodou je, Ze
FTIR spektroskopie je velice rychld, pfesna a v mnoha pripadech i nedestruktivni technika (HloZek 2008, 187).
Pavodni spektrometry pracujici na principu rozkladu svétla (disperzni spektrometry) neumoznovaly analyzu silné ab-
sorbujicich matric, takZe analyza pevnych vzorki byla vétSinou omezena na praskové materialy, které byly méreny ve
formeé smési s halogenidy alkalickych kovi lisované do tenkych tablet, nebo smichané se specidlnim olejem (parafinovy
olej). V souCasné dobé je pouzivana rfada metod infracervené spektroskopie vhodnych pro rizné tcely. V mineralogii se
nejcastéji studuje praskovy vzorek mineralu smiSeny s ¢istym KBr nebo KCI slisovany pod vysokym tlakem do tvaru
tenkého terciku, tzv. pelety. Hlavnimi souc¢astmi infracerveného spektrometru jsou zdroj zareni, monochromator, de-
tektor infracerveného zareni a registracni zarizeni. Zdroj produkuje polychromatické infracervené zareni. To dopada
na monochromator, ktery umoZnuje plynulou zménu vinové délky zareni. Monochromaticky paprsek je dale rozdélen
na dvé c¢asti. Jedna ¢ast prochdzi vzorkem, druha srovnavacim prostorem (peletou KBr ¢i KCl bez vzorku). Pfi méreni
dopada na detektor stridavé paprsek prosly vzorkem a paprsek prosly srovnavacim prostorem. Intenzita obou paprski
se zaznamenava a srovnava. Infracervena mikroskopie se pouziva v pripadech, kdy nas nezajima primeérny ¢i homo-
genizovany vzorek, ale naopak prostorové rozliSené vlastnosti a efekty, moznost sledovdni ohranic¢enych zmén, zrn
odlisnych materidld, vrstevnaté struktury vzorku, rozliS§eni materiald v obtizné rozdélitelnych smésich apod. Velké
uplatnéni nasla FTIR mikroskopie pfi analyze historickych materiald, textilii, papiru, pigment, pojiv apod. (Klouda
2003, 84-89).

Metodu FTIR jsme vyuzili k analyze souvislych nanosi sazi, které se nachéazely uvnitt komor reliéfnich kachll z lokality
Javornik (€. 10/14, A1502). Ziskana spektra ukazala, Ze saze vznikly spalenim Siroké skaly dfevin, takZe pri vytapéni
nebyla preferovdna jedna konkrétni dfevina.




2. ANALYTICAL METHODS USED

Within the results presented in this monograph, the basic method used to analyse the ceramic pastes of stove and floor
tiles and small ceramic sculptures was micropetragraphic analysis. This method provides the most important infor-
mation on the shard — representation of fragments and rocks, firing temperature, surface treatment etc. The second
most frequent method is electron microscopy with an energy-dispersive analyser. This method was used with glazed
ceramic artefacts to determine the chemical composition of glazes. The other methods mentioned below were applied
when a specific technological phenomenon occurred.

Petroarchaeological research (micropetrographic analysis) of stove and floor tiles and small ceramic sculptures be-
came one of the ways of how to verify and specify the macroscopic, empirical examination of ceramics and, above all,
it was used to identify the origin of raw material, particularly some conspicuous admixtures, such as grit of rocks with
coarse-grained quartz or mica. Petroarchaeology is defined as a branch of applied petrology or petrography. It is an
interdisciplinary field of archaeology and petrology, which uses petrological methods to study archaeological material.
Petroarchaeology studies not only ceramics and stone artefacts, but also other archaeological finds, such as building
materials, glass, metal artefacts and slags. In the past, it was in many cases confirmed that macroscopic examination
does not necessarily always reflect real petrographic differences. The demonstrability of results is not always unequiv-
ocal, so it is necessary to confront them with other analytical methods and experimental samples, which are made from
the supposed extracted raw materials (Gregerova et al. 2010, 56). Technological processes are reflected in the structure
of the shard. A more or less homogenous-looking ceramic artefact can contain raw material from various sources (dif-
ferent places of origin, different rock and mineral composition of temper or binder).

2.1 Present state of knowledge in petroarchaeological research on tile production

As aresult of the increasing number of partial studies dealing with petroarchaeology of medieval pottery, a compen-
dium was elaborated under the direction of M. Gregerova (Gregerova et al. 2010), mapping out the state of research in
Moravia and Silesia until 2010. The stove-making production was treated rather marginally because the monograph
was primarily focused on the study of common pottery. But it still provides a lot of information on the composition of
ceramic bodies and raw materials on many medieval sites. Another recent compendium, focused on archaeometrical
study of medieval pottery production, was elaborated by a team of authors from the Masaryk University in Brno and the
University of West Bohemia in Plzen (Capek et al. 2018).

During the past five years, many natural scientific studies were conducted, which are specialised in the study of me-
dieval stove-making production. Several partial studies arose before and during the solution of a grant project, whose
output also is this publication. The authors first paid attention to the Brno tile production and to the spread of select-
ed motifs beyond the borders of medieval Brno (HloZek-Loskotova 2014, 139-153; Loskotova—HloZek 2016, 449-460).
Afterwards they continued with an analysis of a late medieval collection of green glazed openwork tiles from the cornice
of the so-called Knight’s Stove (angel shield-bearer) in the Brno Chapter at Petrov. Micropetrographic analyses proved
that the stove tiles were made in Brno workshops (HloZek—Jorddnkova-Loskotova 2018, 491-509). The partial problem
of textile imprints on the backside of the frontal heating panels of stove tiles from Brno was demonstrated on a use-wear
analysis of thirteen late medieval and early modern fragments and torsos of stove tiles. Where practicable, the type of
textile weave was determined and a micropetrographic analysis was conducted. The results showed that all tiles were
made from local ceramic clay (Loskotovda—HloZek 2017, 849-861). The problem of the spread of individual motifs was
addressed in the petroarchaeological study of a collection of tile reliefs, which were dedicated to the New Testament
scene of Adoration in a wider context. The analyses of ceramic bodies have revealed that identical reliefs were produced
on different places which can be localised into the areas where these tiles were found. The analyses of reliefs indicate
that the tiles were made with the help of identical matrices or moulds. This offers some more interpretation possibilities
as regards the forms of their dissemination (Hlozek-Tymonovéa 2018, 511-535). Similar issue of studying the technolo-
gies and provenance of tiles on medieval sites was also pursued by other teams of authors. Micropetrographic analyses
were applied to the ceramic production from the site Ohrada near Lichnice Castle. The study is dealing besides kitchen
pottery and tableware also with stove tiles and building ceramics, which are not quite common with sites of this type
(Tésnohlidkova-Slavicek-VSiansky 2019, 383-419). The analyses of glazes on relief tiles from Prague Castle were con-
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ducted by a team of authors from the University of Chemistry and Technology in Prague, who paid attention to their
technology, degradation and restoration procedures. The examination with the help of multiple analytical methods,
such as optical microscopy, X-ray analyses (XRF, pXRF, XRD), Raman spectroscopy (RS) and thermal analysis (DIL), has
proved that many glaze defects already emerged during the firing process. These defects were subsequently deepened
as a result of deposition in aggressive conditions (Klouzkova et al. 2019, 116-125).

Technological knowledge of the production of relief tiles was recently significantly enhanced in a monograph by J. Zeg-
klitz, whose conclusions are based on the results of analysis of an extensive collection of 30,000 items produced by
the workshop of the Prague burgher and master potter Adam Spacek in Truhlai'ska Street in the New Town of Prague
(Zegklitz 2019). The description of technologies in combination with the results of applied analytical methods was made
by M. Ernée, who analysed the finds of Gothic tiles from the castle and chateau in Cesky Krumlov. The results were
summed up in a monograph (Ernée 2008), which is based on an earlier-published partial study dealing with material
analysis of tiles. The study arose in collaboration with the University of Chemistry and Technology in Prague. Here it
is to remark that the first material analyses and technological tests targeted at the problems of production of medieval
tiles were already conducted at the Department of Silicate Technology in the 1980s (MikSik—Hanykyr—Hazlbauer 1986,
505-513). The accomplished analyses of tiles from Cesky Krumlov (micropetrographic analyses, XRD, XRF) showed
that the tiles were made from raw materials originating from several places. A specific feature of local tile production
is the addition of graphite to ceramic paste. The authors suppose that graphite was intended to replace coarse-grained
quartz in temper. In other tile specimens, the presence of graphite in ceramic material rather resulted from contam-
ination of the original paste. According to the alterations of minerals, the firing temperatures of tiles varied around
800-900 °C (Ernée—Hanykyr—Maryska 2004, 175-222). The above works followed after a whole series of older studies
describing medieval tiles, including the technological production procedures (e.g. Smetanka 1968, 543-578, Hazlbauer
1986, 489-503).

Analytical methods were also used to study the stove-making production in Slovakia. The team of authors from the
Masaryk University conducted archaeometric analysis of collections of early modern pottery from Northwest Slova-
kia (Zilina, Budatin and Lietava), which also encompassed stove tiles (Slaviéek-Petiik-Spanihel 2020, 405-428). Green
glazed tiles from Banska Bystrica and five other sites in Slovakia and Hungary were studied by archaeometric analyses
conducted by a team of researchers from Budapest. On the basis of mineralogical composition, they came to the con-
clusion that the tiles come from at least three workshops. The tiles with polychrome glazes opacified by tin oxides are
regarded by them as a technologically more developed group (Gyorkos et al. 2018, 45—46). Hungarian researchers follow
up the previous unique and extraordinary analyses in order to determine the provenance of tiles using the method of
neutron activation analysis (NAA). The results of this method were presented in several works by I. Holl. He supposed
that a small collection of tiles, more precisely the colourfully glazed late medieval stove tiles, were imported over a long
distance from the area of Salzburg to the Hungarian Buda (Holl-Balla 1994; Holl 1995). The NAA method has proved
that the composition of glazes and materials in one part of the tile production was different from the contemporaneous
production from Buda (Holl 2001).

From the territory of Austria, the results of SEM-EDX analyses of floor tiles from the urban castle Gozzoburg in Krems
were published in a Master’s thesis. Almost all of the analysed floor tiles of the Gozzoburg and Altenburg types have
a brown, brown-green or greenish glaze. In almost all cases, simple pure lead glazes were used. Only one specimen
exhibited a low zinc content, which might have influenced the glaze colour (Bajc 2013, 40—-44).

Polish researchers used the micropetrographic analysis, SEM-EDX and XRF to analyse the collections of medieval floor
tiles acquired during archaeological excavations from the 19th century until present, which are stored in the museums
of Krakow. The assemblages contain examples of advanced technological processes represented by encrustation of dec-
orative patterns with kaolin clay, which is covered with a layer of transparent glaze. In a rare case, tin was identified
in the glaze of a floor tile dated to the 14th century. It is a unique finding because this phenomenon was not typical in
Poland until the 16th century (Glowa 2014, 91-104).

2.2 Micropetrographic analyses

Micropetrographic analyses enable to acquire as much as possible information from an artefact. The specific knowledge
helps to identify the utility value of a ceramic product or to draw conclusions on raw materials, shaping method and de-
coration used. This all enables us to get an idea of technological skills of producers in certain time and region. Pet-
roarchaeology of ceramics provides basic information on material composition, chemistry, firing temperatures and
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alterationsofceramicartefactsduringa long-term depositioninanthropogenicsoilhorizons. Analyticaldataareacquired
with the help of methods which are commonly used in geology. Micropetrography (ceramic petrography) is an analytical
method based on optical mineralogy and petrography. It uses the knowledge of structural and optical properties of mi-
nerals and rocks, which can be identified with the help of a common optical microscope. The name micropetrography
was chosen with regard to very small size of rock clasts, which can be identified only with a petrographic microscope.
Petrographic polarizing microscope is equipped with a polarizing device, which enables to study samples in transmit-
ted or reflected light. The study is made with thin sections (coverslipped or polished) with a thickness of about 30 um.
Modern petrographic microscopes enable to carry out photographic documentation of studied phenomena in PPL (Plane
Polarized Light) and XPL (or CPL = Cross Polarized Light; Gregerova 1996; Gregerova et al. 2002).

Thin sections prepared from ceramic artefacts can provide information on porosity, binding agent and temper in ac-
cordance with ceramic technology. In temper, we can identify not only fragments of minerals and rocks, but also frag-
ments of older ceramics, bones, fossils etc. The results can be expressed either in the form of description or as a per-
centage — quantitative analysis. In temper and pores we follow up the size, shape and spatial orientation. In fragments
of minerals and rocks we analyse the degree of alteration, colour changes, changes of optical properties, emergence
of glass/melt etc. We can also characterise mutual relations between binder and temper, absolute size of temper frag-
ments. We identify secondary mineralisation and changes which reflect influences of soil horizons and migrating fluids
over millennia. By analysing the changes of physical and optical properties of selected minerals we are able to roughly
determine the firing temperature. In almost each ceramic artefact we can identify the type of firing atmosphere (oxida-
tion, reduction), or whether the ceramic shard was exposed to multiple firing. With the help of a petrographic polarizing
microscope we can objectively classify ceramic microstructures and characterise the binding agent (Gregerova et al.
2010, 55). All material samples of stove tiles, floor tiles and small ceramic sculptures were analysed with the Olympus
BX51 polarizing microscope. In this section we do not give examples of application because the results of micropetro-
graphic analyses of ceramic pastes are described in detail in the next chapters.

Micropetrographic analyses fall within a wide spectrum of microscopic methods. One of their subgroups is 3D digital
microscopy. KEYENCE 3D digital microscope was used to document fingerprints and other wear marks. Distinct wear
marks were documented with stove tiles from Javornik Castle. The tiles exhibited fingerprints originating from strong
pressure on the ceramic paste when pressed into the mould, and imprints of a textile separation layer preventing the
clay mass from sticking to palms and fingers. Use-wear marks were also documented on the surface of ceramic floor
tiles from Brno. They represent small mechanical damages of the glaze surface or the clay mass itself, caused by con-
tact with medieval shoes with entrapped sand grains. The same type of microscope was used to analyse a selection of
thirteen late medieval and early modern fragments and torsos of stove tiles with textile imprints on the backside of the
frontal heating panel. The stove tiles came from seven sites in Brno. Where practicable, the type of textile weave was
determined and a micropetrographic analysis was conducted. The results showed that all tiles were made from local
ceramic clay acquired from an extensive extraction area on a terrace of the river Svitava. The use of textile is connected
with material of medium grain size and is influenced by individual mastery of the shaping process of the frontal heating
panel. From the analysis of specimens with textile imprints and analogous finds without these marks follows that textile
was not widely used in the forming of Late Gothic and Renaissance reliefs. It is highly probable that all analysed tiles
come from one and the same workshop (HloZek—Loskotova 2017, 849-861).

2.3 Scanning electron microscopy with an energy-dispersive analyser

Scanning electron microscopy (SEM) is an instrumental method that is especially designed for observation of enlarged
surfaces of various objects. Secondary electrons (SEI method) or backscattered electrons (BEI or BSE method) can be
used to display an object. The device is called electron microscope. This instrument can be considered to be somewhat
analogous to a light microscope with incident light, but unlike it, the resulting image is generated by a secondary signal
using backscattered or secondary electrons (Hlozek 2008, 127). Due to this principle, SEM imaging is considered an
indirect method. A great advantage of a SEM compared to a light microscopy is a deep depth of field, as a result of which
a three-dimensional aspect can be found in two-dimensional SEM images. Another advantage of these microscopes is
that the interaction of accelerated electrons with atoms in the sample produces, in addition to the above-mentioned sig-
nals, X-rays, Auger electrons and cathodoluminescence, which carry much more information about the sample. During
the detection of these signals, it is possible to determine, for example, the elemental composition of a sample in a given
area and, when compared to a suitable standard material, to determine the quantitative contents of individual elements.
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Energy-dispersive X-ray spectroscopy (EDX) utilizes X-ray emissions that occur after the impact of an accelerated elec-
tron beam on a solid material and enables to identify the chemical composition of the material. This method is based on
the detection of energy of the released X-ray radiation (energy-dispersive analysis).

Chemical composition of glazes was determined using the local electron microanalysis with the help of a Philips XL 30
electron microscope. Detailed analysis of elemental composition of metals is a common part of measurements with
an electron microscope. Microanalyses of the samples’ surfaces were performed using a PHILIPS-EDAX instrument.
Standardless approach with a counting time of 100 s and an accelerating voltage of 20 kV was used.

Chemical analyses with an electron microscope were applied to glaze samples of stove tiles, floor tiles and small ce-
ramic sculptures. Glaze can be examined and documented by studying the microstructures with a polarizing micro-
scope and their chemical analysis can be made using the XRF method. Glazes are inorganic glasses which are fused in
thin layers to the surface of ceramic products. They have both aesthetical and technical function. From the aesthetical
perspective, they improve the appearance of products e.g. by smoothness, gloss and colouring. They also enable to
apply various types of decoration and can conceal small defects on the surface. From the technical point of view, glaze
provides for imperviousness of products against liquids and gases, increases the resistance of pottery against external
influences inclusive of chemical agents, and it can increase the mechanical stiffness. The glaze melting temperature
depends on the firing temperature or sintering temperature of ceramics and in tiles, it varies between 870 and 1050 °C.
Ceramic products in most cases exhibit special treatment of their surface. Apart from various methods of mechanical
treatment also some compact layers (slips) or glassy layers (glazes) are applied to the surface and are fixed by firing.
Surface layers can be decorated. The composition of glazes is similar to the glass batch, both were often made from sim-
ilar raw materials. They can be divided into main glass-forming components, e.g. quartz, feldspars, kaolin, limestone,
and accessory components which are used at a lower extent. We can count among them the so-called opacifiers and
colourants and various dyeing additives. Opacification of glazes was made with the help of insoluble opacifiers (SnO,,
bone ash), i. e. through dispersion of very fine particles, which do not dissolve in melt during firing.

Using a polarizing microscope, in the most tiles we have documented widely-used technological procedures, where the
glaze is applied directly to ceramic shard or to a slip. In several dozens of shards we noticed an interesting phenomenon.
During the firing of glazed tiles sometimes a so-called interlayer emerged. It is a specific layer, which forms between the
shard and glaze in the case that the shard was fired at a lower temperature than the firing with applied glazing suspen-
sion. In the common medieval tile production we can observe three dominant glaze colours: green, yellow and brown. It
turned out that the glaze colouring is influenced by the colour of ceramic body under the glaze. Most of these glazes are
semi-transparent, so that under the glazes we can observe the original shard. For example, the orange glazed surface
of tiles (e. g. the finds from HelfStyn Castle) resulted from a colour interaction between the brick-red shard and yellow
glaze. Stove builders and potters surely noticed this phenomenon and they began to apply whitish or light beige slips to
the ceramic shard. With this procedure they at least partly ensured that the original colour of the glaze became appar-
ent. Later, they began to use glazes which were opacified by additions of tin oxides or bone meal, thus preventing the
ceramic surface from shining through. A specific group among the studied assemblages was represented by late medi-
They were dyed with a combination of several dyeing elements, which gave rise to violet and pink coloured glazes. Blue
glaze was already tinged with cobalt. Chemical composition of these glazes is very similar to the Anabaptist production.

2.4 X-ray fluorescence analysis (XRF)

X-ray fluorescence analysis (XRF) is a non-destructive analytical method based on excitation and detection of so-called
characteristic radiation. The emission of characteristic radiation from the measured object is caused by the impact of
X-rays or gamma radiation from a suitable radiation source. When the radiation hits the object, atoms are ionised and
excited, and subsequent de-excitation produces X-rays, called characteristic radiation. Since the energy of characteris-
tic radiation is dependent on the atomic number of the element, because it is equal to the energy difference of the elec-
tron levels in the atom of the element, the characteristic radiation spectrometry allows identification of the elements
and quantification of their amount from X-ray spectra acquired with a spectrometric photon detector. The development
of new ionising radiation sources and detectors has made it possible to design portable devices that allow measure-
ments outside the laboratory. This multi-elementary analysis enables to identify the main components of the measured
samples shortly after the measurement has begun. This makes it possible to draw some conclusions already during the
analysis and to adapt the process of further measurements. All elements, except those with a low atomic number, such
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as elements of organic compounds, can be identified with appropriately selected energy of primary radiation because
they emit characteristic radiation with low energy that is significantly absorbed in the measured object, in the air and
ain the detector’s input window. Elements with an atomic number higher than approximately 16 (sulphur) can be easily
identified with conventional XRF instruments. The XRF is usually classified as a method of surface analysis because
both the primary radiation from the source and the characteristic radiation are strongly absorbed in an object and the
measured spectrum of the characteristic radiation describes only the composition of the object’s surface. The thickness
of the analysed surface layer depends on the X-ray energy and element concentrations. Except for the measurement of
organic compounds, the thickness of the analysed surface layer is in the order of tens of micrometres. In the case of
non-homogeneous distribution of elements, the closer the elements are to the surface, the more their presence is reflect-
ed in the measured spectra of characteristic radiation. This is due to the lower intensity of primary radiation in depth
and the higher absorption of characteristic radiation when escaping the measured object. In addition to identification
of all elements in a qualitative analysis, the measured spectra can also be used for quantitative analysis that provides
information on element concentrations or surface layer thicknesses. The characteristic radiation spectra are almost un-
affected by the chemical form of the elements present. It means that the performed analysis does not allow to determine
chemical compounds in which the identified elements are present in an object. In some cases, it is possible to determine
the chemical compounds using weight ratio of the elements. The measurement procedure depends on the character-
istics of the particular instrument and the object under investigation. If accurate quantitative analysis is not required,
it is not necessary to do any object or sample preparation prior to measurements. Only in case of significant contami-
nation of the object’s surface, it is desirable to remove these impurities to avoid disturbing effects on the measurement
result. The measurement time is completely optional and usually is several tens of seconds. As the measurement time
increases, the detection limits for element identification decrease and the probability of trace element identification is
increasing. Thanks to all these advantages, the XRF is suitable for the measurement of a large number of archaeological
finds directly in the field or in the museum depository, without the need to be transported for analysis to a specialized
laboratory (éechék—HloZek—Musﬂek—Trojek 2007, 54-57).

We used a portable handheld ED-XRF spectrometer NITON XL3tGOLDD+ to analyse ceramic artefacts. The measure-
ment was performed non-destructively without any sample preparation. For this reason, it is necessary to take the
percentage of elements with caution because the chemical composition of glazes is influenced by the ceramic surface of
artefacts. We applied the XRF as an accessory method in those cases where glaze samples could not be taken, above all
in complete tiles or small ceramic sculptures.

2.5 X-ray diffraction analysis (XRD)

X-ray diffraction analysis is used to identify the crystalline phases present in a material and thereby reveal chemical
composition information. In this regard, the X-ray analysis is a universal method. The determination is based on the
principle that there are no two different substances (phases, minerals) with identical diffraction record. Each crystal-
line phase (mineral) is characterized by a unique number of diffraction lines with typical position and intensity in the
diffraction record. If a sample is composed of more phases, the diffraction record of the mixture will be a superposition
of diffraction records of all included components. For the identification of phases we use diffraction records acquired
with the powder method. The identification of minerals is made with the help of several most intensive lines in the
powder diagram referred to as characteristic lines. To facilitate the search, we can currently use various computer pro-
grammes, which make automatic comparison between the record of a studied sample and diffraction record of various
minerals in databases. Preparation of samples differs by the method used. Present-day devices are also able to analyse
the surface of stone artefacts or pottery, but in most cases the powder analysis is used because of accuracy. The sample
for powder analysis must be prepared with attention. The separated mineral is usually ground in an agate mortar. If the
material is not properly ground (i. e. it is too coarse-grained), the diffraction lines are not continuous but disintegrate
into individual spots. On the other hand, an extremely fine-ground material does not necessarily diffract X ray radia-
tion (so-called sample amorphisation occurs). We must also consider possible change of modification of the studied
substance, which may be caused by the agency of pressure or high temperature during grinding (manual grinding in
a mortar can generate a temperature of up to 300 °C). High temperature can also cause the dehydration of crystal water
in hydrates (and subsequently also the change of their structure). The powdered material is then fixed in a suitable way
to the holder. The powder is either stuffed in a carrier (e. g. gelatine tube), or mixed with a dispersion adhesive and the
mixture is dropped on a plastic film. The sample is irradiated with X-rays and the detector during the analysis moves
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on a semi-circular arc with the help of an automated drive. This way it gradually records the X-ray diffraction at various
angles. The measurements are processed and evaluated by the control computer (Dolni¢ek 2005, 40—-45).

The X-ray powder diffraction was applied in the case of a small ceramic sculpture from Olomouc (Hrn¢ifska Street). Ver-
tical grooves indicating the garment draping were filled with white paste. A sample was taken from this white substance
and the analysis has proved the use of floated chalk. The same method was used to analyse the pigments which were
secondarily applied to tiles of the knight’s stove from Jindfich@iv Hradec.

2.6 Radiography

Radiography (sciography, X-ray radiography) is mainly known as a medical diagnostic method using X-rays to view the
hard and soft human tissues. It is also used in technical applications to view various materials. The method is based
on a different absorption rate of the X ray beam projected towards objects from various materials. The X-rays that pass
through the object are captured behind the object by a detector — either photographic film or a digital detector (the
method herewith differs from radioscopy — scioscopy, where the image is only observed, but is not captured on a data
recording medium). From the image we can then estimate the inner structure or hidden defects of various materials
(HloZek 2008, 180).

Radiography was used to document a brown glazed tile bearing the motif of guilty lion from Olomouc (Barvirska Street,
see p. 281). During an in-depth macroscopic study, a several-centimetre-long line filled with dark brown coloured glaze
was observed in the zigzag above the medallion with a lion figure. X-ray imaging was conducted to confirm the presence
of a fissure. The object was irradiated with an industrial X-ray machine manufactured by Balteau (Baltographe 200).
The device worked at the setting of 90 kV, 1.5 mA and 45s exposure. Kodak films were used (Kodak INDUSTRIEX Film
T200). The X ray image showed a fissure in the given place, which probably emerged during the drying of the tile. The
production of stove tiles may have been so demanding that the stove builders decided to conceal the defect. During
the glazing of the frontal heating panel of the tile, they filled the fissure with a glazing sludge which transformed into
a glassy substance during the firing.

2.7 Computed tomography

Computed tomography (CT) is an instrumental method which can be effectively applied to solve specific problems in
the field of archaeology and conservation/restoration. An advantage of computed tomography is the possibility to study
archaeological and historical objects, or also works of art, with a non-destructive method. The outputs acquired with
this method help us prove the authenticity of objects and document the present state of investigated objects and inform
us about the production procedures used. Computed tomography uses computer-processed combinations of multiple
X-ray measurements taken from different angles to produce tomographic (cross-sectional) images (virtual ,slices®) of
an object. The implementation of computed tomography in medical practice brought new diagnostic possibilities and
its significance has been compared to the discovery of X-rays by the German physicist Wilhelm Conrad Réntgen in
1895. The CT, just as once X-rays, spread out very quickly and now it is a very important diagnostic tool in many med-
ical branches. The theory behind computed tomographic (from the Greek word tomos — slice, section) reconstruction
of an image from a large set of projections was already elaborated by Allan MacLeod Cormack in 1963. However, this
complicated mathematic operation demanded high-developed computer technology. More than ten years have passed
until the first commercial CT scanner — EMI Mark I —was built by Sir Godfrey Hounsfield in 1972. Unlike standard X-ray,
the radiation in CT is not captured on a film but is detected with a system of detectors attached to a computer. The com-
puter converts analogue signal to digital data, processes them and in the end converts them again to analogue signal
(resulting image). The CT, just as X-ray, depicts densities. Subsequently, complicated mathematical procedures are used
to reconstruct the measured data (individual images) into the resulting matrix, which mostly has the size of 512 x 512
pixels. The size depends not only on technical possibilities of the device used, but also on the required benefit of the ex-
amination. Calculation and time demands and therewith also the radiation load grow rapidly along with the increasing
size of the matrix. It is also necessary to keep in mind that the pixels in the matrix do not represent two-dimensional
units, but every pixel has its depth given by the thickness of the cross-section. Therefore it is called voxel (volume ma-
trix element). The increase in resolution of the matrix without simultaneous thinning of the sliced layer can bring only
alimited effect and is often a source of artefacts (Hlozek 2008, 202). The CT is definitely a very beneficial diagnostic
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tool, whose constantly improving technological properties make it very useful not only in medicine but also in many
other disciplines. It is beyond any doubt that the acceleration and improvement of CT machines together with further
development of the reconstruction software will also extend the indication sphere and application possibilities of these
devices in archaeology (HloZzek-Krupa—Ktistek 2008, 47-52).

helped to identify original ceramic fragments and plaster amendments. Moreover, infills from textile, paperboard,
newsprint and wood pieces also were documented and imprints of fingers and palms of the then restorers were record-
ed. The restoration method and the identifiable text sections from the newspaper used indicate that the stove tiles were
probably restored in the 1920s or 1930s.

2.8 Fourier-transform infrared spectroscopy (FTIR)

Fourier-transform infrared spectroscopy is a method based on absorption of infrared light by the measured sample,
which generates changes of vibrational and rotational energy states of molecules depending on the changes of dipole
moments of molecules. The resulting infrared spectrum is a functional dependence of energy, mostly expressed in per-
cent transmittance or in units of absorbance at the wavelength of incident radiation. A great advantage is that the FTIR
spectroscopy is a very fast, accurate and in many cases also non-invasive technique (HloZek 2008, 187).

The original spectrometers, based on the principle of light dispersion (dispersion spectrometers), did not enable to an-
alyse strongly absorbing matrices. The analysis of solid samples was mostly limited to powdered materials, which were
measured in the form of a mixture with alkali metal halides moulded into thin pellets, or mixed with a special oil (par-
affin oil). Many infrared spectroscopy methods are currently used for various purposes. In mineralogy, a mineral pow-
der sample is mostly studied, mixed with pure KBr or KCI and pressed under high pressure into a thin disc, so-called
pellet. The basic components of a dispersive IR spectrometer include a radiation source, monochromator, detector, and
readout. The source produces polychromatic infrared radiation. The light falls on a monochromator, which provides
for a continuous transformation of the wavelength. The monochromatic beam is then divided into two parts. One part
passes through the sample, the other part passes through the reference area (a KBr or KCl pellet without sample). During
measurement, the detector captures both beams alternately. The intensity of these two beams is being recorded and
compared. Infrared spectroscopy is used when we are not interested in the average or homogenised sample, but in the
spatially distinguished properties and effects, the possibility of examining delimited changes, grains of different ma-
terials, layered structures of the sample, distinction of materials in hardly separable mixtures etc. FTIR microscopy is
widely used for the analysis of historical materials, textiles, papers, pigments, binding agents etc. (Klouda 2003, 84—89).
We used the FTIR method to analyse the continuous soot deposits inside the chambers of relief stove tiles from the site
of Javornik (No. 10/14, A1502). The acquired spectra showed that soot resulted from the combustion of a wide spectrum
of wood species, so that none of them was preferred for heating.




