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C How canwe mterrelate archaeometryW|th bundlng materlaISSC|ence’7

C How canwe validate historical sourcesandtestimoniesby archaeometry/ building materials
data, andviceversa?

C Canthe nexus Archaeometry- Building Materials ¢ Historical Sources,provide solid and
rigorousscenariosabout the past?

C Isthis the step from Interdisciplinarity to Transdisciplinarity

(; Canwe start building a SO|Id methodolog|calapproachtowardsthls dlrectlon’?
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Reference Moropoulou, A., ZachariasN., Delegou,E T., Apostolopoulou, M., Palamara,E, & Kolaiti, A. (2018. OSLmortar dating to
elucidate the construction history of the Tomb Chamber of the Holy Aedicule of the Holy Sepulchrein Jerusalem Journal of
ArchaeologicalScienceReports 19, 80-91.
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10 parameters are required, |

Luminescence

such as: AGE = ED/DR

A Luminescence signal

A Signal correction b ’
ASignal attenuation form Use of the phenomena BfiermoluminescencéTL:
A Sample moisture content ] ) ]
ACalculation of cosmic rays _stlmulated by hea_t) an@ptlcally Stimulated |
A Calculation of uranium, thorium and LuminescencgOSL; stimulated by light) to result in an
pottasium ABSOLUTE AGE
& cosmic T
rays TL/OSL instrumentation Holy Aedicule samples
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Location of the collected mortar samples

STONE FACINGS
FILLING MORTAR
MASONRY

HOLY ROCK

(1) Arc_m2 (2) RC_m1

MASONRY

(5) SecN5_mos (6) SecN3_m1

The location of the collected samplesdemonstrated on the ground plan drawing ¢section at 120 cm heightc of the Tomb
Chamber(left) (Lampropouloset al, 2017); Photosof eachcollectedsample(right).



Mortar Arc_m2
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Mineralogical Composition: Gypsum, Calcite, Quartz, Anhydrite

(a) Closed Tomb with the amber hued marbl
plate in place; (b) Schematic representation
of sample location and surrounding material
in section, before the Tomb was opened; (c)
The Tomb, when the top amber hued marble
plate was shifted out of position, with the
grey marble plate and the burial bed rock
visible; (d) Exact sampling point of sample
Arc_m2under the grey marble plate

Calendar centered Age: middle 4th c. CE (345 Cé&)stantinearera

Thus,the Tomb of Christ,the initial burial bed rock surfaceof the carvedcaveon which his body was laid, was coveredby a
marble slabearly on from the Constantinearera, at leastfrom the top.




Mortars RC_ml1& RC m5

s

\“MARBLE FACING || | . HOLY ROCK _ _
—— W | | '- RC_m5mineralogical
£ composition:
Gypsum, Calcite,
Quartz

L
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RC_mb5Calendar centered Age: late 16th c. CE, 1570 CE
reconstruction of 1555 by Boniface of Ragusa

RC_mJlmineralogical
e composition:
i/ Gypsum, Calcite
| |

| |
I ‘ il . A A1

: J
o e A W o A P SR e

c

(2) kc_m1

. & Za . fl RC_m1Calendar centered Age: early 4th c. CE (335 CE
ik ‘ - . | 3 Constantinearera

The interior marble facings (opposite the Holy Tomb) where a window was placed,

(b) The window installed to provide visibility of the Holy Rock;

(c, d, e) The locatiowhere sampleRC _mlwas collected behind the marble facing, above the windpw
(f) The location where samplRC_m&5was collected, at the lower part of the Holy Rock crack.



Mortars RC_m1& RC_mb5possible scenarios

MARBLE FACING

How can we have two mortars located so close to each othe
but as it concerns dating they are centuries apart?

‘ (2)RC_m1 |
z (_‘3
%o,

%

U Thefact that the RC_nm mortar samplewasin contact with both the Holy Rockand the marble facing, is an indication that
the specificpanelcould havebeenin placesincethe ConstantineanAedicule

U In the casethat the marble panelis a later addition, then we can assumethat the Holy Rockwas at least plasteredin the
interior and not bare during the Constantinearera.

U RegardingRC_nb, the mortar sampletaken within the Holy Rockcrack,indicate that somepanelswere placedor replacedor
even reattached during the Bonifacerestoration, without excludingprevious or even subsequentrestoration phasesof the
Holy Rockcrackarea
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Mortar TEN_m1

)

TOMB ENTRANCE ciareL N " e i
CHAMBER TO THE TOMB CHAMBER OF THE 3 XRD TeEnN_m1

o

TEN_mJ1mineralogical composition
Gypsum, Calcite

(a) Thelow entrance of the Tomb Chamberfrom the Chapelof the Angel, showing the
marble slabthat wastemporarily removed (b) Theexactsamplingpoint of TEN_ni.

1m

H120cm e I

TEN_m, CalendarcenteredAge middle 11" c. CE1040CE,

It can be dated to the Byzantinereconstructionof the Aedicule,after the destruction of Al Hakim (103441CE, (Constantine
Monomachos Michaelthe Paphlagonian

However,there is a possibilitythat this areacould havebeenreconstructedduringthe Crusadergperiod (1099CE)




Mortar SecN5 mos: Could this be the remnant of the alleged mosaic decorations of theA¢mlycule?
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SecN5_ mosmineralogical composition: Gypsum, Calcite, Quartz

MASONRY

SecN5 mosCalendar centered Age: middle 16th c. CE, 1560 CE, Reconstruction by Boniface of Ra( -

e © 1m
I

U SechNb_moscarriedblackcrustedred tesserae embeddedin the mortar in a disorderedmanner.

U It could be the setting bed of a mosaiccreatedduring the Bonifaceof Ragusaestoration or the result of a conservationof an
older mosaicduring this era (possiblythe latter due to the disordered positioning of the tesseraein the mortar and some
historicaltestimoniescorrespondingto 1047and 1149CEhat describethe presenceof mosaicsan the Holy Aedicule)

U In any caseit seemsit was placedin the masonryduring subsequentrestorations, where older parts of the Aediculewere
preservedby embeddingthem in the newer phases

U Theproductiontechnologyof the tesseraes underinvestigation



Mortar SecN3_m1l
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STONE FACADE - EXTERIOR
FILLING MORTAR LAYER
FILLING MORTAR LAYER

RUBBLE MASONRY

HOLY ROCK

2Thota (Coupled TwoTheta/Theta) Wi.=1.54060

| § MARBLE FACING - INTERIOR

SecN3_mmineralogical composition:
Calcite, QuartzT haumasite Ettringite,
Gypsum

(6) SecN3_m
Qﬂ“" (d)

(@) North T I celith ®xterior stone slabsin place (b) Thelocation of the masonrysectionat panel area N3, after
removingstone slabsand filling mortar; (c) Exactsamplingpoint of sampleSecN8_m1 within the masonry,
(d) Schematiaepresentationof samplelocation and surroundingmaterialsin section,before any intervention.

H120cm —m "

SecNB_m, CalendarcenteredAge,early 19th c. CE,1815CE Reconstructiorby KalfasKkomnenos

Thissamplewas collectedfrom a sectionof the inner masonryof the structure (in a depth of ~65 cm from the exterior surface
of the stone facing, correspondingto the northeast corner of the Tomb), and it confirmsthe fact that the architect Komnenos

in 180910 restoredthe inner masonrybehindthe exterior stone slabs
GGG




Conclusively:

U Fourdistinct chronologicalperiods, basedon the OSLdating, were producedout of the six analyzedmortar
samples

U Thesechronological periods correspondto construction phasescentered at the 4th, 11th, 16th and 19th
centuries,beingin alignmentto major construction and restoration phasesof the Holy Aedicule sheddinglight
to the constructionhistory of the TombChamber

U Themortars dated to the Constantineanera, the Byzantinereconstructionand the renaissanceaestoration by
Bonifaceof Ragusavere gypsumbasedmortars; a fact that indicatescontinuity in the production technologyof
the mortars.

U The high amount of gypsumdetected in these mortars indicatesthe partial use of gypsumaggregateswithin
the mortar in addition to a gypsumor gypsumlime binder.

U The choice of materials seemsto be more or lessthe same, regardlessof the role of the mortar in the
structure and era of application.

U Thepresenceof ettringite and thaumasitein the lime-basedmortar dating to the Komnenosrestoration is an
Indication of the useof aggregatesierivingfrom the Hatrurim formation in Judeandessert




TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

REFERENQ®oropoulou, A., Delegou,E T., Apostolopoulou,M., Kolaiti, A., PapatrechasC, EconomouG., & Mavrogonatos,C (2019. Thewhite marblesof the
Tombof Christin Jerusalemcharacterizationand provenance Sustainability, 11(9), 2495

Petrographicand isotopic analysiswas implemented to study the white marbles of the Holy Aediculeand the Tomb of
Christ

The examinedmarble samplesdisplay a characteristicheteroblastic fabric, which is characterizedas & Y 2 NIi& LNShey
comprisemostly of calcitewith minor presenceof dolomite, micas(phlogopite, muscovite),apatite and pyrite.




TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

TheirMGSvaluesrangefrom 1.6 to 2.3 mm, gatheredmostly around 2 mm. Theirisotopic signatureis characterizecby 1 180
valuesrangingfrom ¢2.49to ¢1.13{: V-PDB andby1 **Cvaluesrangingfrom 2.43to 3.37{: V-PDB.
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TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

Thetechniqguesemployed proved to be adequatefor the identification of their provenanceand the aforementioned data
suggestthat the Holy Aediculewhite marbles examinedherein, originate from the island of Proconnesosand in particular
they belongto the variety type Proconnesosl.

|sotopic Discrimination plot
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TheWhite Marbles of the Tomb of Christin Jerusalem Characterizationand Provenance Intra-site discrimination
of Proconnesogjuarryinglocations

Quarry

Samples from the Holy Aedicule
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Comparison of isotopic and MGS values
between the Holy Aedicule samples and
literature data for quarrying locations on

Proconnesossland(Attanasioet al. 2008).

Highlighted boxes indicate pairing of the
Isotopic values of a Holy Aedicule sample
(both+ 18 | y3@) totthe published range of
gl £t dzSa F2NJ I OSNIUIAY
respective pairing regarding the MGS values.



TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

Could the marble fragment OM49 be the decorative edge of t®nstantinearmarble plate OM10~

Thefragmentedlower marble plate (correspondingto sample OM10), is in fact the initial claddingof the original burial
rock surfaceattributed to the Constantinearera, becauseof the OSlLdating of Arc_n?2 mortar sample

Themarble fragment (sampleOM49), found within the Tomb of Christ,which presentedthe samethicknessasthe lower
Constantineanmarble plate, is perhapsa fragment of the decorativeedgefrom the missingpart of the lower plate; if this is
the case,the original marble memberwas extracted from the quarry CGSb, which is the only commonquarry between these
two samples

Theupper plate of the Tomb(sampleOM11), wasaddedseveralcenturieslater, however, no definite conclusionregarding
the era that it was placed can be drawn; furthermore, intra-site discrimination could not provide any safe conclusions
regardingthe exactProconnesogjuarry it originatedfrom.

AMBER HUED
G~ o A %l UR. N [ Y MARBLE PLATE (3)0OM 11
o Al SRS T B L . g X GREY MARBLE PLATE FILLING

BEDDING MORTAR MATERIAL
(2) oM 49
HOLY
BURIAL BED (1) oM 10
ROCK
<IN
Arc_m2 mortar of ()

Constantinearera




TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

sample OM13

-

Could theConstantineanTomb Chamber be adorned witRAroconnesiamarbles?

15t Scenario

The marble sample taken from the marble facings of the interior of the Tomb
Chamberoppositethe Tombof Christ(sampleOM13), where the observationwindow
IS In placetoday, was most probably placedinto its current position at the time of the
Bonifacioda Ragusaestoration, sinceRCnd mortar is dated to his era.

However,we cannotexcludethe possibility that this memberwas presentfrom the
Constantineanera, since marble membersre-use was a common practice throughout
the centuries,and Bonifacioda Ragusaeinstalledit.

2nd Scenario

Thissecondscenariois rather possibleif we considerthat the mortar RCni (selected
from behind a marble slababovethe one examinedin this study (OM13), wasdated to

335AD (calendarcenteredage)that isthe Constantinearedicule

Thus, it _is highly likely that the interior of the Tomb Chamberwas adorned with

Proconnesiamarblesfrom the time of Constantine




TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

Could theConstantineanTomb Chamber be adorned witRAroconnesiamarbles?

sample OM13

{

OverallScenaridor OM13-OM10-OM49

OM13 could haveoriginated ONLYfrom the ancientquarry Cob.

So,if this marble memberwasfirst installed in the Constantineanera and Bonfacioda
Ragusaeinstalled it, and taking into accountthat the lower tomb plate (OM10) was
also installed in the Constantineanera, perhapsboth memberswere quarried from
C5b, whichisthe only commonquarry of origin for both samples

Furthermore,quarry Cob is alsoa common origin quarry with sampleOM49, which is
the marble fragment, perhaps the decorative edge of the lower marble plate, as
alreadymentioned.

Thus,if OM13 & OMA49 are of the Constantineanera such as the lower Tomb plate

(OM10), then, all three of them could be originatedfrom the ancientquarry Csb.




TheWhite Marblesof the Tombof Christin Jerusalem Characterizatiorand Provenance

i
L

Thetwo marble samples(OM50, OM51) from the west interior wall of
the Chamberof the Angel, were collected from marble members, which
were placed probably during the Crusadersconstruction phase, without,
however, excluding the Bonifacio renovation or even the major
reconstructionof Kalfakomnenosn 1810

Altintad and Mandira are the only common origin quarriesfor these two
samplesand it is definite that they could not have originated from the same
quarry asOM13 and OM49 (C5b).

Conclusively:

Proconnesianmarble, and in particular the Proconnesosl variety, was the material of choice both for the
claddingof the Holy Tomb,aswell asfor the interior facingsof the Holy Aedicule
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C How canwe ensurecompatlblllty assessmentn an active constructionsite?

C How can compatibility assessmentprocessaffect the sustainability of a monument in a
trans-disciplinaryway?

C How can nondestructive monitoring of conservation/restoration works support decision
making?

C How cannondestructivemonitoring causerescheduling yeadjustingand/or modifications of
the mterventlons applled’?




Non-Destructive Techniques (NDT) are usedhe Field of Protection of Cultural Heritage because:

V Destructive sampling is prohibiteoh the conservation of historic monuments
V They offer certairuniqgue capabilitiesn a variety of applications

BUILTCH PROTECTION USE OF NDTs
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MONUMENT SCALE
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Short description of the theory of some NebestructiveTechniquesNDT)
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SUSTAINABILIDF THE HOLY AEDICULE REHABILITATION:

A CHANGE ON PILGRIMS ATTIT
B
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Theproblem:
Positioningof the burning candleson the metal frame y/ | Y Riluidgloseto or evenin contact with the
architecturalsurfacesof the Holy AediculelhCandlesextinguishingon the facades

Theresult:
Hightemperature variationson the stone facingsihSignificantthermal stressesdevelopedon the stonefacingsih
Aestheticaland physicochemicaflegradationhAccumulationof blackand oily depositions




SUSTAINABILITY OF THE HOLY AEDICULE REHABILITATION:
A CHANGE ON PILGRIMS ATTIT

JUST AFTER REMOVING THE BURNING CANDLES

- Panel S4 . Panel S3 \ AN RS T g Panel S2
. e # ; Zone 3: Av. Temp ~27°C

-~ B

ATemperatureheterogeneityat the investigatedpart of the ¥ I cel R S

A Anisotropy of heat distribution over stone facingsand subsequentlyin the deepermasonrylayersvia the mechanismof heat
induction

AThethermo-hygricbehaviorof eachbuilding material (stone facings,filling and joint mortars and masonrybuilding stones)is
differently affected per heightzone,aswell asin depth, resultingin a correspondingthermo-hygricanisotropy

REFERENCAexakis,E, Delegou,E T., Lampropoulos K. C, Apostolopoulou, M., Ntoutsi, I., & Moropoulou, A. (2018. NDTas a monitoring tool of the works progressand the

assessmenbf materialsand rehabilitation interventions at the Holy Aediculeof the Holy Sepulchre Constructionand Building Materials, 189, 512-526.




SUSTAINABILITY OF THE HOLY AEDICULE REHABILITATION:

A CHANGE ON PILGRIMS ATTI
e
THREE HOURS AFTER REMOVING THE BURNING CANDLES

yf ) Panel S2

ACoolingdown of this T | celpdrtSakes place with a different rate per height zone and per panel demonstrating the
anisotropyof heat transport phenomenaamongdifferent building materials

Aln overall, this thermal stressescycle,to a large degreeinduced by the pilgrims on a daily basisduring the visiting hours of
the Holy Aedicule,deterioratesthe preservationstate of the building materials,acceleratingtheir decay

REFERENCAexakis,E, Delegou,E T., Lampropoulos K. C, Apostolopoulou, M., Ntoutsi, I., & Moropoulou, A. (2018. NDTas a monitoring tool of the works progressand the

assessmenbf materialsand rehabilitation interventions at the Holy Aediculeof the Holy Sepulchre Constructionand Building Materials, 189, 512-526.
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SUSTAINABILITY OF THE HOLY AEDICULE REHABILITATION:

A CHANGE ON PILGRIMS ATTI

March 2017

AFTER 2 YEARS

January 2019



