PRIKLADY POUZITIA MIKROGRAVIMETRIE
V ARCHEOLOGII - DETEKCIA DUTIN

- strucne z historie z mikrogravimetrii v archeologii
- prieskumu kostola Sv. Vaclava v TovacCove

- kostol a klastor Katarinka, JZ Slovensko

- kostol sv. Katariny, Banska Stiavnica

- Dom sv. Martina, Bratislava

- vel’ka terasa, Oravsky hrad

- prieskum Cheopsovej pramidy



Prvy pokus aplikovania velmi presnych gravimetrickych
merani pri detekcii dutin: Linington (1966)

Prospezioni archeologiche
1/1966

R E LININGTON 1 Introduction

TeSt use of d gra\“meter on e.truscan [t has been assumed that gravity methods are of little
chamber tombs at Cerveteri use for archacological prospecting. The high cost and

delicate nature of present instruments coupled with
a slow speed of operation seem to bear out this con-
clusion, whilst the extremely small size of the ano-
malies produced by archacological features suggest
that the method may well be impractical. However,
even so0, it was thought that for a few special pro
blems. such as that of chamher tomhe the methad

negativny vysledok...



DalSie prispevky a pokusy:

- Fajklewicz, 1964—-2000
(hlavne prieskum prepadov od starych banskych diel)

- Neumann, 1972-1979 (vSeobecne — detekcia dutin)
- Omnes, 1976-1977 (antropogénne dutiny, jaskyne)
- Styles, Cuss, 1980-2020 (r6zne typy aplikacii)

- Ceskoslovenska Skola (Blizkovsky, Mrlina a dalsi)

- pokraCovanie v sucasnosti u nas (ale aj v DE, IT, ESP)



vysledky mikrogravimetrického prieskumu kostola Sv. Vaclava v Tovacove
(Blizkovsky 1976, 1979)

860 M. BLIZKOVSKY

)

contour interval 02 ums
0 10m
—_—

Fig. 10. Maps of Bouguer anomalies in the St. “Venceslas church Tovagov. a) map cor-
rected for gravity effect of walls, b) map corrected for gravity effects of walls and crypts.

- mikrogravimetria v sieti 1 x 1 m
a2 x 2 m, spolu 262 bodov

- stredna kvadraticka chyba meraného
tiazového zrychlenia = 0.011 mGal

- Interpretované anomalie S
amplitidou 0.06 mGal = 60 uGal
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vysledky mikrogravimetrického prieskumu kostola Sv. Vaclava v Tovacove
(Blizkovsky 1976, 1979)
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(bez topokorekcii a oprav na ucinky murov)

korekcie gravitaétného
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vysledky mikrogravimetrického prieskumu kostola Sv. Vaclava v Tovacove
(Blizkovsky 1976, 1979)

5

uplna Bouguerova anomalia
(s opravami na ucinky murov)
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gravitacny uc€inok znamych krypt



vysledky mikrogravimetrického prieskumu kostola Sv. Vaclava v Tovacove

(Blizkovsky 1976, 1979)
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v priestore vyslednej
negativnej anomalie
boli najdené nove,
dovtedy nezname
priestory

vysledok: uplna odkryta (stripped) Bouguerova anomalia

(s odstranenim uc€inkov znamych dutin)



klastor a kostol KATARINKA

VYSLEDKY GEOFYZIKALNEHO
PRIESKUMU

(1998)




poloha lokality Katarinka




poloha lokality Katarinka




pohlady na reliéf terénu
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lokalita Katarinka - podklady pre digitalny model terénu
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mikrogravimetrické merania v lodi kostola
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Katarinka - model a uc¢inok murov
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maximalny ucinok (v blizkosti veze) je 20 krat vySsi, ako presnost merani



Katarinka — mapa UpInych Bouguerovych anomalii

VYSLEDOK

ANOMALNE PREJAVY
KRYPT PODLA
MIKROGRAVIMETRIE

vSetky modré (modro-zelené)
Casti mapy su prejavmi dutin
alebo hustotne oslabenych
objektov




nok sute

Katarinka - model a uc¢
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lokalita Katarinka - pokus o éiastoéné odkrytie (- uéinok sute)
rezidualne anomalie rezidudlne anomalie
pre 2.4 g.cm - pre 2.4 g.cm 3
bez ueinku sute
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overenie anomalie - leto 2000
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uplné otvorenie krypty - leto 2001




rez kryptou - leto 2001

Dechtice — Sv. Katarina
Zist'ovaci archeologicky vyskum
Datum: 01.07. — 31.08. 2000/2001

Zameral: Urminsky

Zapadoslovenské mizeum Trnava

Kostol sv. Katatiny: Sonda 111/2000-2001

Krypta - rez

LEGENDA

1 = Sutina zmie$an4 s omiatkou a tmavou huméznou vrstvou

2~ Zlomky tehal a fudskych kosti premisSané s tmavou humdznou vrstvou

3 ~ Zlamky tehal, stresnej kndiny a sutiny, zvysky driev z rakiey

4 - Tmavy humézny zésyp

§ - Sutina, kamene, celé tehly, ojedinelo Mudské kosti

6 — Zhluky vzprie¢enych tehal vytvarajiicich mensfe dutiny, sutina, tesne nad uroviiou dna
koncentracia fudskych kosti v sekundarnych polohach, drobné kovové nalezy (ozdoby),
klince dreve z rakiev zdobené nitmi

7 - Kamenny architektonicky &lanok

8 - Obvodové murivo krypty

—

0 100

cm



nalezy z krypty - leto 2001
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uzavretie krypty - leto 2001




rok 2012:

namodelovany a nasledne
odkryty ucinok znamej
(odkopanej) krypty

mikrogravimetria:
(pouzity uz
modernejsi pristroj
Scintrex CG-5)

povodné rezidualne pole B = odkryté rezidualne pole BA
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rok 2012:
mikrogravimetria + GPR:

53837957
53837901

5383785t

y_UTM [m]

53837807

5383775+

; £ N rok 2013 - 2014:

x_UTM [m]




pri vSetkych zapojenych metodach boli pouzité postupy
rok 2012: »State-of-the art®, ¢ize najmodernejsie — ¢o sa tyka
pristrojového vybavenia a aj pocCitacového spracovania

o

na vypocet u¢inkov murov tu bol
pouzity novy (fotogrametricky)
pristup, veduci k tvorbe 3D
modelu z polyhédrov

starsi novsi
pristup pristup



georadarovy a mikrogravimetricky prieskum ,kostol sv. Katariny, BS“

gravimetria — Scintrex CG-5
GPR — GSSI 400 MHz
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georadarovy a mikrogravimetricky prieskum ,kostol sv. Katariny, BS“

prvy krat v SR:
pouzitie metddy ERT vo vnutri historickej budovy
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georadarovy a mikrogravimetricky prieskum ,Dém sv. Martina, BA"

prieskum apsidy:
gravimetria — Scintrex CG-5
GPR - GSSI 400 MHz




georadarovy a mikrogravimetricky prieskum ,Dém sv. Martina, BA"

3D georadar gravimetria

zatial
neznamy
duty
priestor

y [m]

O 5 1‘0
X [m] x [m]

pddorys modrou farbou — zname krypty



prikladové studie (mikrogravimetria) SR

1998, -~ 2001,
4 crypts detected, ]‘no crypts found

1 found l -

L

PEESSRREARARARREE AN

test site — known
it C—— e 2 crypts detected
2006, 8 crypts found (should be verified)

2006, pitfall!
(filled sink instead of a crypt)

BpaRaliy privaeee !

1 crypt detected
(should be verified)



mikrogravimetricky prieskum
vel’kej terasy Oravského zamku (2005)




Studovana lokalita — vePka terasa Oravského zamku

ciePom prieskumu
bolo najst’ mozné
prejavy existencie
tzv. kazemat
(spojovacich chodieb

—— medzi tunelom a
P e opevnenim)

AN

pohl’ad od
pristupovej
cesty na
zamok



|
pohPad od altanku

(glorietu) smerom k
pristupovej ceste na
zamok

pohPad od altanku
(glorietu) smerom k
tretiemu nadvoriu

-vymedzenie a vytyCenie meraného uzemia



siet’ bodov 1 x 1 m v lokalnych saradniciach
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y (local) [m]

priebeh meraného “g*

merane g

X (local) [m]
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digitalny topograficky model

vyrazny prejav ostrej hrany za murmi
(vzduch = chybajuce hmoty = pokles g)



y (local) [m]

mapa uplnych Bouguerovvch anomalii
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vysledky — Oravsky zamok, velka terasa

finalny vysledok:
tzv. “odkryté“ Boguerove anomalie
(odstraneny prejav tunelu)

3D model tunelu
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0o 6°_t = f ke’Et . I doélezita anomalna oblast —
gravitacny etext tunelu prejav Casti kazemat?



Cheopsova pyramida, Egypt —
francuzsky mikrogravimetricky projekt




Cheopsova pyramida, Egypt — francuzsky mikrograv. projekt

Struktira pyramidy
merane priestory
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Cheopsova pyramida, Egypt — francuzsky mikrograv. projekt

suo \ MORD
N

tvorba Bouguerovej anomalie
- odstranenie gravitacnych
ucinkov znamych Struktur

zname dutiny

model hustotného ,,rozvrstvenia*® pyramidy




Cheopsova pyramida, Egypt — francuzsky mikrograv. projekt
vysledky

hlavny vvsledok:

zistenie dominantnej negativnej anomalie v zapadnej Casti
pristupovej chodby do ,,kralovninej* pohrebnej miestnosti

#= Towares Ousen's chzmber

EAST.

i polohy
ZAPAD  prieskumnych vrtov

1 e 1 HII Fi - ? Y
I'Illnl:I :::'|'|"'|I \ 1
il il ;
- - - !
, 3 vrty dosiahli po 2.1 m dutinu

VYCHOD vyplnenu pieskom, (modelovany

objem dosahuje az 40 m?)



Cheopsova pyramida, Egypt — francuzsky mikrograv. projekt

vysledky — moZna interpretacia

zvySok pieskovej rampy (?)

Densities of the large block structure of the Cheops lNT.ERPRETAC.lA PBIEEHU
Pyramid. VNUTORNEJ SPIRALOVE)
RAMPY v CHUFUOVEJ

PYRAMIDE



Zaujimavost — objavenie novej dutiny (tzv. Big Void)
v Cheopsovej pyramide pomocou registracie kozmického ziarenia (muony).

Nagoya KEK
NE1 NE2 H1 H2

Triangulation positions
from Nagoya University

G1 (Alhazen)

G2 (Brahic)




Zaujimavost — objavenie novej dutiny (tzv. Big Void)
v Cheopsovej pyramide pomocou registracie kozmického ziarenia (muony).
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Zaujimavost — objavenie novej dutiny (tzv. Big Void)
v Cheopsovej pyramide pomocou registracie kozmického Ziarenia (muoény).
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Zaujimavost — objavenie novej dutiny (tzv. Big Void)
v Cheopsovej pyramide pomocou registracie kozmického ziarenia (muony).
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Hruba izocCiara priblizne
vymedzuje plochu, na ktorej
by mohla byt dana dutina
,meratelna” pomocou
sucasnych modernych
gravimetrov.
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Contents lists available at ScienceDirect
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r[ \r\] rR journal homepage: www.elsevier.com/locate/jasrep
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The discovery of the “muons-chamber” in the Great pyramid; could s
high-precision microgravimetry also map the chamber?

R. Pasteka™ ', P. Zahorec”, J. Papco®, J. Milina 9, H.-J. Gotze ©, S. Schmidt ©

* Department of Engineering Geology, Hydrogeology and Applied Geophysics, Faculty of Natural Sciences, Comenius University, Ilkovicova 6, 842 48 Bratizlava, Slovak
Republic

® Division of Geophysics, Earth Science Institute of the Slovak Academy of Sciences, Diibravske cesta 9, 840 05 Bratislava, Slovak Republic

© Department of Theoretical Geodesy and Geoinformatics, Faculty of Civil Engineering, Slovak University of Technelogy, Radlinskeho 11, 810 05 Bratislava, Slovak
Republic

4 Institute of Geophysics of the Czech Academy of Sciences, Boini 1I/1401, 141 31 Prague 4, Csech Republic

¢ Department of Geophysics, Institute for Geosciences, Christian-Albrechts University, Otto-Hahn-Platz 1, 24118 Kiel, Germany

ARTICLE INFO ABSTRACT

Keywords: In this study we have investigated the question as to whether highly accurate microgravimetric measurements on
Pyramid chamber the side of a pyramid could also map the recently discovered “muon chamber” in the Great Pyramid of Giza in
3]:_‘ gm“t'-": model Egypt. Exploiting the technical capabilities of modern gravimeters, we performed three-dimensional model
Mm’ogm“t&_ measurement calculations with realistic model parameters obtained from published literature. Under ideal experimental
Muon scanning is . . 7 2

Big Void conditions researchers are able to measure relatively small gravity effects around —1 = 10" ms <. However, to

Archaeogeophysics transfer the model scenario to investigating the real-world pyramid chamber we need to know what the chamber

may contain — such knowledge can help in estimating a more realistic result.



Zaujimavost — mozne objavenie novych dutin v priestore
za Tutanchamoénovou hrobkou (Udolie Kralov)

The world this week

Newsinfocus

EXCLUSIVE: NEW EVIDENCE FOR
HIDDEN CHAMBERS BEYOND
TUTANKHAMUN'S TOMB

Geophysical survey ylelds ‘tantalizing’ data that could point
Nefertitl's burlal place — but it’s too early to draw definitive ¢

By Jo Marchant tractors equipped with cameras could s
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