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Abstract

The identity of artists and localisation of workshops are rarely known with certainty before

the mid-15th century. We investigated the material used by one of the most prolific and enig-

matic medieval sculptors, the Master of the Rimini Altarpiece or Master of Rimini, active

around 1420±40. The isotope fingerprints (Sr, S and O) of a representative corpus of mas-

terpieces but also minor artworks, attributed to the Master of Rimini and his workshop, are

virtually identical, demonstrating the unity of the corpus and a material evidence behind the

stylistic and iconographic ascriptions. The material used is exclusively Franconian (N-

Bavarian) alabaster, 600 km distant from the supposed zone of activity of the Master of

Rimini workshop according to recent literature. The same material was later used by the

prominent Late Medieval German carver Tilman Riemenschneider, active in WuÈrzburg after

1483, whose small corpus of alabaster sculptures we have been able to characterize almost

entirely. Based on these findings, we propose here an alternative to the prevailing hypothe-

sis of a Flemish or N-French workshop being founded on similarities of the Rimini sculpture

with motives in Flemish and French painting. Our scenario, returning to the initial proposal of

a German localisation of the Master of Rimini workshop, assumes the migration of an artist,

perhaps trained in the Low Countries or strongly inspired by the Flemish art, to Southern

Germany where he founded a highly productive export workshop, well situated on the cross-

roads of medieval trade, with a pan-European radiance. This study sheds a spotlight on the

on the trade networks of luxury goods, the raw material used for their production, and the

high-end art market in Europe as well as on international migration of artists and styles, at

the eve of the Renaissance.

Introduction
Theidentity andlocationof theworkshopof theenigmaticMasterof theRimini Altarpiece,
activearound1420±40,remainunknown,in spiteof anabundantproductionandEurope-
wideexportation[1, 2] of hissculptures,exclusivelycut in alabaster.
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Themasterpieceof theªexceptionallyskilledº[1] sculptor,commonlyreferredto asthe
Masterof theRimini Altarpieceor Masterof Rimini, isacrucifixion groupincluding twelve
apostles,originallyplacedin thechurchof SantaMariadelleGrazie,nearRimini, Italy. It was
acquiredby theLiebieghausMuseum(Frankfurt,Germany)in 1913[3, 4]. Distinctivestylistic
featuresof thisgroupledto numerousattributionsof alabasterartwork,spreadall over
Europe,to hisworkshop.Thequalityof theRimini altarpieceandseveralotherstylisticallyand
materiallycloselyrelatedsculpturesreachedanartisticleveldesignatingthemto thehigh-end
art marketin theearly15th century.Thefewknownor supposedclientsareprincelyfamilies
like theItalian BorromeiandMalatesta[1] andrich abbeys,from Arras(N France,Fig1) to
Wrocøaw(Poland).However,whatKim WoodsspecifiedasªRimini groupºof artworks[1]
encompassesalargerangeof artisticqualities.At thelowerendof thisspectrum,numerous
minor worksexist,showingsimilaritieswith theRimini Altarpieceandothermasterpieces
attributedto theMasterof Rimini. Theyareconsideredasworkshopproductionsthatmay
havebeendestinedto theanonymousart marketandto personaldevotion.

TheªMasterof Riminiº remainsmysteriousin severalrespects:Cantheartwork from the
ªRimini groupºbeattributedto thesamehand,thesameworkshopor evenagroupof work-
shopsandstylisticfollowers?CantheMasterbequalifiedasitinerant or migratoryartistwith

Fig 1. Potential localisationsandexport destinationsof the Masterof Rimini workshop.Major historicalalabaster-
producing regionsin latemedievalW Europeandnewlyinvestigateddepositsin Franconia;historical localisation of
themainknownsculpturalensemblesrelatedto theRimini workshop (violetpoints,Arras:attribution uncertain);
localitiesmentionedin thetext;potentialareasof activityof theMasterof Rimini workshop(historicalprovincesof
Franconiain violet,Flandersin green,andArtois in beige,in their 15th-early16th cent.limits). Backgroundmap:
Major Europeanriver basinsin light blue,riversin blue.ThemapwascreatedusingopensourceQ-GIS3.10software,
underlying data(borders, hydrography) arefrom thefreeEsriGeoportalServer(https://www.esri.com/en-us/arcgis/
products/geoportal-server/overview).

https://doi.org/10.1371/journal.pone.0265242.g001

PLOS ONE A pan-European art trade in the late middle ages: Isotopic evidence on the master of Rimini enigma

PLOS ONE | https://doi.org/10.1371/journal.pone.0265242 April 12, 2022 2 / 17

LandschaftsverbandWestfalen-Lippe
(LWLDenkmalpflege)(grantforA.T.M,C.G,W.K),
thatof theAnnunciationbas-reliefof Tilman
RiemenschneiderbytheDanielKatzGallery
London(grantforA.T.M,C.G,W.K).Thefunders
hadnoroleinstudydesign,datacollectionand
analysis,decisionto publish,or preparationof the
manuscript.

Competinginterests: I havereadthejournal's
policyandtheauthorsof thismanuscripthavethe
followingcompetinginterests:FundingbyDaniel
KatzGalleryLondonof theanalysisof onesample
(Annunciation,bas-relief).Thisdoesnotalterour
adherenceto PLOSONEpoliciesonsharingdata
andmaterials.

https://www.esri.com/en-us/arcgis/products/geoportal-server/overview
https://www.esri.com/en-us/arcgis/products/geoportal-server/overview
https://doi.org/10.1371/journal.pone.0265242.g001
https://doi.org/10.1371/journal.pone.0265242


or without astableworkshop?If astableworkshopexisted,wherewastheproductionlocated
andwherewasthenodalpoint of thispan-Europeantradenetwork?.

Only aroughestimateof thesurvivingwork ispossibledueto thediversitywithin this
grouphinderingacleardefinition of thelimits betweentheproductionof theMasterof Rimini
or hisworkshopandpossiblefollowers[5]. Thebroaddiffusionof artwork linked to theMas-
ter of Rimini with knownprovenance(Fig1) in Europemakesageographiclocalisationof the
workshopimpossible.It isagainon astylisticbasisthat theMasterof Rimini wasfirst qualified
astypicallyMiddle Rhenish,southof Cologne,notablybySwarzenski[3] whopurchasedthe
Rimini groupfor Frankfurtandinitiated thescientificresearchon medievalalabastersculpture
outsideEngland.Swarzenskiformallydiscardsfrom theverybeginningthepossibilitythat the
Masterof Rimini wasItalian [6] alreadymentionsasecondhypothesisof aNetherlandish-
Frenchorigin of thesculptureof theRimini group,first formulatedbyVolbach[7], that is
nowprevailing,eventhough,asKim Woodsstatesin her landmarkmonographyon medieval
alabastersculpture,thepossibilitythat theMasterof Rimini wasGermanhasneverbeendis-
missed[2, 5,8]. Argumentsof theproponentsof aFlemishorigin [1, 2,4,9±12]are,on the
onehand,theiconographicproximity to paintingsbyRogiervanderWeydenandtheMaster
of FleÂmalleandto thepaintedrepresentationof monochromaticsculpturesandotherelements
of JanvanEyck'sGentaltarpiece[1, 2,4], and,on theotherhand,thefactthat theNetherlands,
muchlike BurgundyandEngland,wereexportinggothicart at largescale[7]. Recently,paral-
lelswith a14th centuryFrenchsilk paintinghavebeenpointedout [13]. Undeniably,the
Rimini styleismultifacetedandotherartisticinfluences,notablyfrom CentralEuropehave
beendiscerned[8, 14].

Our studyshedsanewlight on theRimini enigma,from ananglesofar underexploitedin a
researchdominatedbyart historical,stylisticandiconographicapproaches.It focuseson the
materialusedfor theartworksattributedto theRimini group.Historically,varietiesof both
calciteandgypsum/anhydrite,and,in somecases,onyx,i.e.abandedform of thesilicatemin-
eralchalcedony,weredesignatedas"alabaster."Thenamestemsfrom thecalcitevariety,
knownas"Egyptian"or "Oriental"alabaster.Thestoneof Egyptian���������, small-sizedoint-
mentvessels,isabrownish,bandedcalciumcarbonate(CaCO3) andgeologicallyspeakinga
calcareoussinteror travertine[15]. In our study,weusetheterm for whatAstonetal.referred
to asºrealºalabaster[15], whichalonein medievalEuropewaswidespreadandusedfor sculp-
ture,thefine-grainedto cryptocrystallinevarietyof gypsum,ahydrouscalciumsulfate
(CaSO4�2H2O) or its anhydrousvarietytheanhydrite(CaSO4) [16,17].

It wasKim Woodswhofirst statedsimilaritiesin theappearance(ªsimilar,albeitnot identi-
calº[1]) of thealabasterusedbothby theMasterof Rimini andanothersculptorandwood
carver,Tilman Riemenschneider(1450±1531).He isamongthemostprominentnamesof late
medievalsculptureandhisbiographyandartisticproduction,halfacenturyaftertheobscure
Masterof Rimini, aredocumentedin detail[8, 18].Bothusedanalabasterdescribedasªcov-
eredwith distinctivenetworkof greyveinsaround2 mm thick andresemblingbloodvesselsº
[1] (Fig2A).Wemakeuseof theprovencapacityof Sr,SandO isotopefingerprintsto dis-
criminatehistoricalEuropeanalabasterdeposits[19±21]to verify this intriguing resemblance,
to testtheprovenanceof thematerialusedbyboth theMasterof Rimini andbyRiemenschnei-
der,and,ultimately,to providenewevidenceto theidentity of theMasterof Rimini andthe
locationof hisworkshopby identifyinghissupplychains.Wethenconfrontour geochemical
resultswith therarewritten medievalsourceson artworkof theRimini groupthatwehave
investigatedin somemoredetail,goingbackto someof theoriginalmanuscripts.

Two latemedievalsourcesexistthat revealaEurope-widetradeof alabastersculpturein the
first halfof the15th century,thetime theRimini-workshopwasactive.Thefirst concernsa
grouprepresentingtheswooningMary, theso-calledªThreeMariesº,now in theNational
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Museumof Warsawandinvestigatedin our study(Fig3C).It waspartof aCrucifixion, now
attributedto theMasterof Rimini, acquiredin 1431for thechurchof our Ladyof theSandin
Wrocøaw(Poland)by theAbbotJodocusof theWrocøawAugustinianfriary from aParisian
merchant[3, 10,11,22,23],evenif Woods[1] pointsout that theterm for designingParisin
theWrocøawtraderecord(�����		� 	
 ��
��
	�) isambiguous.Weresolvethisambiguityby

Fig 2. Characteristic cleargreyanddark veinsof the alabaster usedby the Rimini workshop.(A) Backsideof the
SwooningMary groupof theRimini Crucifixion,LiebieghausSkulpturensammlung(B) polishedsurfaceof the
Ickelheimalabaster.

https://doi.org/10.1371/journal.pone.0265242.g002

PLOS ONE A pan-European art trade in the late middle ages: Isotopic evidence on the master of Rimini enigma

PLOS ONE | https://doi.org/10.1371/journal.pone.0265242 April 12, 2022 4 / 17

https://doi.org/10.1371/journal.pone.0265242.g002
https://doi.org/10.1371/journal.pone.0265242


identifyingtheexpressionª	
 ��
��
	�
 asalatertranscriptionerror thatshouldreadª���
��
��
	�º asin theearliestpreservedcopyof Jodocus'lostmanuscript,pointing to aCalvary-
like arrangement(seedetaileddiscussionon thispoint in theS1AppendixandS1,S2Figsin
S1File).

Theseconddocumentedacquisition,oneyearlater,in 1432,wasmadebyJeandeClercq,
theAbbotof theSaintVaastAbbeyatArras(N-France,Fig1),whoboughtanalabasterCoro-
nationof theVirgin groupincluding thetwelveapostles,from aGermanmerchant[24±26].
Thisensembleis lostbut alabasterartwork from thesameperiodisstill conservedin thesame
ancientArtois region,notablythefour apostles(Fig3Land3M), supposedlypartof asimilar
altarpiecewith twelveapostles,acquiredin 1429by thecanonGauthierPonchefor theSaint-
OmerCathedral[24], now in theMuseÂedel'HoÃtel Sandelinin Saint-Omer,thatcanbe
countedin thegroupof Rimini art [24]. Bothwritten sourceshavebeenusedasargumentsfor
situatingtheworkshopin Paris[4, 13],N-Franceor S-Netherlands[1] or in Germany[27,28].

WhereastheMasterof Rimini andhisworkshopexclusivelyusedalabaster,thismaterialis
anexceptionin theworksof Tilman Riemenschneider,oneof themostaccomplishedartistsof
LateGothicsculpture.After uncertainyearsof apprenticeshipandjourneying,hesettleddown
definitelyin WuÈrzburg(SouthernGermany)in 1483,whereheworkedin lime-wood,sand-
stone,andlimestone[18]. Until recently,only fivealabastersculptureswereattributedto

Fig 3. A-M: Masterof Rimini group. A-C: SwooningMary groups(A: LiebieghausMuseum,Rimini altarpiece,B:
LouvreMuseum,C:NationalMuseumof Warsaw); D-G: Piet�s(D: Rijksmuseum,Amsterdam,E:Mittelrheinmuseum
Koblenz,F:MuseumamDom,WuÈrzburg,G:Deutschordensmuseum,BadMergentheim); H-O: Apostles(H-J:Rimini
Altarpiece, LiebieghausMuseum,Frankfurt,K: J.PaulGettyMuseum,L-M: MuseÂedel'HoÃtelSandelin,N: Louvre
Museum,O1-O2: Schwerte,SaintViktor church);P:Replacementof theheadof SaintPeter,LiebieghausMuseum,
Rimini altarpiece.Q: ��34S��. 87Sr/86Sr for artwork andFranconian quarries.Forcomparison: principaldeposits
previouslyidentifiedto havedeliveredalabasterfor 14th to 16th centurysculpturein W Europe[19±21],renormalised
to V-CDT. R-W: Riemenschneiderandworkshop.R-T: Annunciationgroups(R:LouvreMuseum,S-T:
Rijksmuseum),U: SaintJerome,ClevelandMuseumof FineArt, V: Annunciation,D. KatzGallery,W: Madonnaand
theChild in thelapof SaintAnne,MuseumfuÈr Franken.Photographiccredits:NationalMuseumin Warsaw(C),
reprintedfrom https://cyfrowe.mnw.art.pl/en/catalog/616803underaCCBYlicense,LiebieghausMuseum(A, H, I,
J),kindly providedbyLiebieghausMuseumwith permissionto publishunderaCCBYlicense,Rijksmuseum(D),
reprintedfrom https://www.rijksmuseum.nl/en/collection/BK-NM-11667underaCCBYlicense,J.PaulGetty
Museum(K), reprintedfrom http://www.getty.edu/art/collection/objects/284883/master-of-the-rimini-altarundera
CCBYlicense,ClevelandMuseumof FineArt (U), reprintedfrom https://www.clevelandart.org/art/1946.82undera
CCBYlicense,D. KatzGallery(V) kindly providedbyD. KatzGallerywith permissionto publishunderaCCBY
license.Otherphotos(B, E-G,L-P,R-T, W) author'sownphotographicwork (Wolfram Kloppmann).

https://doi.org/10.1371/journal.pone.0265242.g003
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Riemenschneiderandhisworkshop[29], aSaintJerome,now in TheClevelandMuseumof
Art, theVirgin of theAnnunciationheldby theLouvre(Paris),acompleteAnnunciation
group,Virgin andAngelGabriel,at theRijksmuseum(Amsterdam),andaSaintBarbara,now
in aprivatecollectionin Bremen.Two bas-reliefswerenewlyaddedto Riemenschneider'sala-
bastercorpus,aMadonnaandtheChild in thelapof SaintAnne(aso-calledAnnaSelbdritt
group),now in theMuseumfuÈr Franken(WuÈrzburg)[30] andanAnnunciation,formerly in a
privatecollectionin Munich andexposedin theMunich NationalMuseum,currentlyfor sale
[31]. Reputedly,altarsin thechantryof theWuÈrzburgCathedralweredecoratedwith alabaster
statuesbyRiemenschneider'shand,now lost[29]. TheClevelandSaintJeromeandtheLouvre
Virgin canbetracedbackto thecollectionof aclergymanin Erfurt [32], in the19th century
andaresupposedto havebeencommandedby theclergyof Erfurt for thechurchof Saint
Peterabbey.Theyweresoldafter1892from aprivatecollectionin DieburgnearFrankfurt
[33] andtheir attribution to Riemenschneiderdatesbackto 1906[34] for theLouvreVirgin
andto 1909[33] for theClevelandSaintJerome.

Riemenschneider'sinfrequentalabasterworksareratherlargelyspreadin time [8]: they
coveraperiodfrom 1485±1487(AmsterdamAnnunciationgroup)to 1505±10(SaintJerome)
[29,35],all datingbeingbasedon stylisticcomparisons.Thereasonsfor usingalabasterinter-
mittently canonly besuspected.Thecommandsfrom Erfurt might haveexplicitlyspecified
andevenfurnishedthematerialto beused[29]. Indeed,Permianalabasterwasquarriednorth
of Erfurt in theSouthHarzregion,notablyin Nordhausen(Thuringia)but first written rec-
ordson thisdepositarefrom themid-16th century[36], andnorthwestof Erfurt in Witzenhau-
sen(Hesse),exploitedasearlyas1458[10]. Riemenschneidermayhaveknownalabasterfrom
hisyouth in theHarzregion[18], assupposedbyJustusBier[29] but alsodiscoveredit in
SouthernGermanywhereit aboundsin theenvironsof hishometown WuÈrzburg.

In thisstudywereport isotopeanalysesof anearcompletecorpusof thesurvivingRie-
menschneideralabastersculptures(sixout of seven)andarepresentativeselectionof sculptures
attributedto theRimini group,includingmasterpieceslike theRimini altarandtheWrocøaw
groupbut alsosmallerindividual workswith undeniableserialproduction.Our databaseon
Europeanalabaster[19,20] iscompletedbynewdataon historicalquarriessouthGerman,
Franconianalabaster,oneof thetwo possiblesourcesfor theRiemenschneiderworkshop.

Materials and methods

Artwork included in this study
Wehaveobtainedandanalysedsamplesfrom fifteenartworks,nowscatteredworldwide,
attributedto theªRimini groupº[1], to theMaster'sownhand,hisworkshopandhypothetical
followers,.Our corpusincludesfour statuesandgroupsfrom hismostprominentopus,the
Rimini altarpiece,recentlyrestoredat theLiebieghausMuseum(Frankfurt,Germany),plus
onelaterreplacement.TheotherworksareanApostle(RF4402)andtheSwoonof theVirgin
(RF1639)from theLouvreMuseum(Paris,France),theSaintPhilip (2015.58)of theJ.Paul
GettyMuseum(LosAngeles,USA),theSwoonof theVirgin (theso-calledªThreeMariesº
group,�r.402) of theNationalMuseumof Warsaw(Poland),thePiet� (BK11667)of theRijks-
museum(Amsterdam,Netherlands),thePiet� (P1990/13)of theMittelrheinmuseum
(Koblenz,Germany),thePiet� (Inv. 491)of theMuseumamDom (WuÈrzburg,Germany),and
thePiet� of theDeutschordensmuseum(BadMergentheim,Germany).Two of thefour Apos-
tles(2911.3and2911.4)of theMuseÂedel'HoÃtelSandelin(Saint-Omer,France)wereinvesti-
gated,aswellasoneApostleandhispedestalin theSaintViktor churchin Schwerte
(Germany),whereeightalabasterapostlesandaChrist in Majestywereintegratedin alater
woodenAntwerpaltarpiece.
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Of thesevenknownalabasterworksattributedto Riemenschneiderandhisworkshop,we
havebeenableto characterizesix,including theSaintJerome(CMA 1946.82),heldby the
ClevelandMuseumof FineArt (Ohio,USA),theVirgin of theAnnunciation(RF1384)at the
Louvre,theAnnunciationVirgin andAngel(BK-16986-AandB) at theRijksmuseum,the
AnnaSelbdritt(ZV67983)of theMuseumfuÈr Franken(WuÈrzburg,Germany),andthe
Annunciationcurrentlyat theDanielKatzGallery(London,UK).

Forall museum/collectionsamples,theinventorynumbersof thesampledartwork,names
andlocationsof museumsarereportedin S1Tablein S1FileªAnalyzedartworkº,column
ªCurrent situationºTable,imagesin Fig3.All necessarypermitswereobtainedfor the
describedstudy,whichcompliedwith all relevantregulations.

Identification of historical quarriesin SouthernGermany
Thehypothesisof aSouthGermanor CentralGermanorigin for thealabasterusedbyRie-
menschneiderdirectedour researchto theWuÈrzburgregion(Franconia,N-Bavaria,Germany).
Geologically,all Franconianalabasterbelongsto theUpperTriassicLadinianto Karnian(Keu-
per)evaporites[37] that regionallycomprisetwo gypsumcomplexesintercalatedin grey,green
anddarkredmarls:amassivewhitegypsumbankof around10m (theso-calledªGrundgipsº)
andalesscontinuouslevelof gypsumnodules,attainingdiametersup to 1.1m, locallyforming
ªnestsº.Thishigherlevelhasdeliveredalabaster,frequentlycontainingargillaceousflasersand
veinsandrarelypurewhitewhereassomecolouredvarietiesweresoughtfor [37].

Thegypsumindustrywasandisstill activein this regionbut thehistoricalalabasterquar-
riesin SouthernGermany(Franconia)arescarcelydocumentedin recentliterature[37]. For-
tunatelywedisposeof two 18th centurywritten sourcesdescribingin detailtheancient
alabasterexploitationsof themunicipalitiesof Castell[38] andof Ickelheim[39], respectively
35and65km SEfrom WuÈrzburg(Fig1).TheCastellalabasterwith agrey,awhiteandared-
dishvarietywasusedat leastfrom the16th centuryonwards.Thefirst textsourceon its use
[38] datesbackto 1578andit waswidelyemployedin the16th to 18th centuriesfor decorative
elementsin religiousarchitecture,mainly thegreyvarietydueto its resemblanceto marble.
Followingtheanonymousdescription[38] of 1791,welocalizedthehistoricalexploitations
accuratelyto afew100m andanalysedthreesamplesof massiveandnodularalabaster.

TheIckelheimdepositisdescribedin greatdetailbyHofmannin 1757.Hestatestheopen-
ing,of aªnewquarryº,in 1748,whereasthenearbyªold quarryºhadreputedlybeenexploited
for ª400yearsº.Healsomentionstheexploitationof alabasternodulesfrom thevineyardsin
thevicinity, with frequentlargescaletransportsto Nuremberg.His descriptionof thematerial
ismostintriguing: thecolour is ªthroughoutwhiteºwith ªsubtleveinsof thesamewhitecol-
ourº whereassomenodulescontainblackveins.Thiscorrespondspreciselyto Kim Woods'
macroscopicdescriptionof thematerialusedby theMasterof Rimini [1] (Fig3).Thedimen-
sionsheprovidesfor theªstonesºor nodulesaremostly30x60cmandtheheaviestmayattain
200±300kgsothat,for funeraleffigies,ªfour of themneedto beskilfully assembledº.We
indeedstatethatneitherof theindividual statuesin our corpusexceeds60cm.Oneexceptional
caseof abiggersculptureassociatedto theRimini workshop,thePiet� [27] of theLouvre
Museum(R.F.1807,H: 0.95,W: 0.83m.,D: 0,38m), not includedin thisstudydueto its fragil-
ity, isdistinctlycompositeandnot monolithic.Forsomesculpturesrelatedto theRimini
group,it hasbeensupposedthat their geometrywasdeterminedby thedimensionsandround-
ing of theusedalabasterpiece,notablyfor theMergentheimPiet� [40] (Fig3G)sothat it is
likely that indeednodulesandnot bankedalabasterlevelswereused.

Hofmann'stopographicdescriptionissufficientlypreciseto locatewith ahighdegreeof
confidencethehistoricallocationsof theªnewºandalsoof theªoldº quarryevenif the
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alabasterhostingmarlsarerapidlyeroded.TheIckelheimvineyardsarestill deliveringalabas-
ter nodulesof decimetricsize.On total,weanalysedfour nodulesandfragmentsfrom four dif-
ferentlocationsSEof thevillage.

Thethird sampledFranconiandepositof similargeologicalage(threesamples),Markt
Seinsheim,ismentionedin 1840to havedeliveredalabasterandgypsum[41]. Wesampled
whitegypsumfrom abandonedexploitationsat two differentlocationsin distinctstratigraphic
positions:theKarnianmassivestratiformªGrundgipsºlayer,andtheLadinianto Karnian
massiveto nodularalabastercontainedin themarlsof theEstheriabeds.

Detailsareprovidedin S2Tablein S1File.

Sampling
Therequiredminimum quantityfor acompleteisotopeanalysis(Sr,S,andO isotopes)using
themethoddescribedin Kloppmann,Leroux(19)is lessthan20mg.Thiscorrespondsto a
tiny flakeof around2 x 2 x 2 mm. Flakes,sampledwith aminiaturechiselon anon-carved,
non-visiblesurfaceof thesculpture(e.g.rearsurfaceor base)werepreferredto micro-drilling
for two reasons:(1) It ispossibleto detectandcorrectanytreatmentor contaminationof the
surfacebymanualcleaningunderamicroscope,(2) thereis lessaestheticimpactasthenon-
carvedsurfacesfrequentlyhavedefectssuchasdrilled fixing holesor irregularsurfacesallow-
ing discretesamplingto beundertaken.Westrictlyavoidedanysuspectedor visiblerepairsor
fixingswheregypsumplaster/mortarwerepresentasthesearehighlycontaminantfor our
method.Wealsoavoidedor cleanedmechanically,wheneverpossible,underabinocular
microscope,byscrapingwith pointedtweezers,anysurfacetreatments(patina,wax,white-
wash,.. .) to obtainunalteredisotopesignaturesof freshmaterial.

Analyses
Thesamplesarecrushed,weighedandslowlydissolvedin aclosedtubefilled with 50ml of Milli-
pore1 distilledwaterat50ÊCin anovenfor at leastoneweek.After filtration, the50ml solution
isdividedin threealiquots;two aliquotsof 5ml areusedfor Srisotopesandelementalanalysis,
theremaining40ml for sulphatesisotopes.SulphatesareprecipitatedasBaSO4 from thefiltered
solutionbyaddingacidifiedBaCl2 solution(5%HCl). Theprecipitateis thenfilteredoff andleft
to dry andafraction(�350 �g) of BaSO4 ismixedwith vanadiumpentoxidein atin capsule[42],
injectedin aflashcombustionelementalanalyser(FlashEA) whereBaSO4 isreducedto SO2at
1700±1800ÊC.Thepurified SO2 isanalysedfor Sisotopesbyacontinuousflow isotoperatio mass
spectrometer(CF-IRMS:ThermoDeltaPlusXP).An aliquotof theBaSO4 (�200�g) isplacedin a
silvercapsule,injectedin ahightemperatureconversionelementalanalyser(TC/EA) reactorwith
agraphiteinsertat1450ÊC.TheresultingCOisanalysedbyCF-IRMSfor oxygenisotopes.The
isotopiccompositionof sulphurisexpressedin theusualdeltanotationasapermil (½) deviation
of theheavy-to-lightisotopeabundanceratio (34S/32S,18O/16O) in thesample,with respectto
internationalstandards[43]. 34S/32S,includingpreviouslyreportedvaluesfor thehistoricalquar-
ries[19,20]havebeen(re-)normalisedto theV-CDT standardusingthefollowingmostrecent
��34Svalues(½ ��. V-CDT) for theBaSO4 sulphatereferencematerialsprovidedbytheIAEA and
theNBS:IAEA-SO-6(-34.05½),IAEA-SO-5(0.49½),NBS127(21.12½).

Oxygenisotopesarereportedas��18O with respectto theV-SMOW standard.Sulphurand
oxygenisotopesaremeasuredtwice.Theerror,basedon repeatedmeasurementsof interna-
tional andin-housestandards,is0.5½ for ��18O and0.3½ for ��34S(1� followingcommon
practicefor IRMS[44]).

Chemicalpurification of Srisperformedusinganion-exchangecolumn(Sr-Spec)before
massanalysisaccordingto amethodadaptedfrom Pin andBassin[45], with totalblank<1 ng
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for theentirechemicalprocedure.After chemicalseparation,around150ngof Sris loaded
onto atungstenfilamentwith atantalumactivatorandanalysedwith aFinniganMAT262
multi-collectorthermalionizationmassspectrometer(TIMS).Themeasured87Sr/86Srratios
arenormalizedto a86Sr/88Srof 0.1194.An averageinternalprecisionof � 10x 10�6 (2� m) was
currentlyobtainedduring thisstudy.Thereproducibilityof the87Sr/86Srratio measurements
wastestedthroughrepeatedanalysesof theNBS987standardfor whichweobtainedamea-
suredmeanvalueof 0.710245� 11x 10�6 (2�; n = 324)during theperiodof analysis.Sample
ratioswerenormalizedto thecertifiedvalueof theNBS987(0.710240).

Results

Isotopefingerprinting
All sampleswereanalysedfor their isotopiccompositionof strontium,sulphurandoxygen,
following theprotocoldescribedin theMaterialsandMethodssection.Resultsareprovidedin
S3Tablein S1File,Fig3,andS4Figin S1File.

All sculpturesof our Rimini corpusshowveryhomogeneousstrontiumandsulphurisotope
signaturescomparedto theoverallvariabilityof thealabasterdeposits[19] with meanvalues
andstandarddeviationsof respectively0.70862� 0.00003(or �0.00006,2�) (n = 16)for
87Sr/86Srcomparedto ananalyticaluncertaintyaround0.000007,andof 14.6� 0.1½ ��.
V-CDT (n = 16)for ��34S.For ��34S,thestandarddeviationsaresmallerthantheanalytical
uncertaintyof 0.3½. Oxygenisotopevaluesaremorevariablewith amean��18O of 12.8� 0.8
½ ��. V-SMOW (n = 16)comparedto ananalyticaluncertaintyof 0.5½. Theheadof Saint
Peterin theRimini Altarpiecenow in theLiebieghaus(INV 418),consideredasalateraddi-
tion, clearlyrepresentsanoutlier,with a87Sr/86Srof 0.707111� 0.000008anda��34Sof
11.8� 0.3½ ��. V-CDT (Fig3Q).

Thevaluesof theartworksattributedto Riemenschneiderandworkshopfall in thesame
field astheRimini sculptures(Fig3R,S4Figin S1File.)with meanvalues,respectivelyfor
87Sr/86Sr,��34S,and��18O,of 0.70868� 0.00005(n = 6),14.5� 0.1½ ��. V-CDT (n = 5),and
12.8� 0.9��. V-SMOW.

TheFranconianquarriesin theSteigerwaldregionSEof WuÈrzburgshowamean87Sr/86Sr
of 0.70856� 0.00012(n = 10).Themean��34Svalueis15.1� 0.3½ ��. CDT (n = 10)andthe
mean��18O is13.5� 0.4½ ��. V-SMOW (n = 10).For theboth latterelements,thestandard
deviationof therawmaterialsissmallerthantheanalyticaluncertainty.No distinctionof the
individual quarries(Ickelheim,Castell,Markt Seinsheim)ispossiblein thisgroupbasedon
isotopiccompositions.

Discussion
Themoststriking factof our resultsis theisotopichomogeneityof theartworksattributedto
theMasterof theRimini Altarpieceandworkshop,comparedto theoverallvariabilityof the
principalEuropeanalabasterdeposits[19] (Fig3Q).This isparticularlytrue for theSrandS
fingerprintswhereastheoxygensignaturesaremorevariable(S4Figin S1File.),which isusu-
ally thecasefor thegypsumandanhydritesofar investigated[19]. Wecanconcludethat the
Rimini workshopusedasinglesourceof alabastersupply,likely asinglequarry,whichiscom-
patiblewith thevisualhomogeneityof thematerialstatedbefore[1]. This factismostastonish-
ing in thecontextof thecurrenthypothesisof theworkshopbeingsituatedin or around
Flanders.TheLowCountrieshaveindeedastrongtradition of alabastercarvingbut no local
alabastersources.Giventhelargevarietyof provenancesof importedmaterialavailableto a
supposedlyFlemishworkshop,theveryselectivesupplywould indicateeitheranaesthetic
choiceor astrongtraditional,commercialor personallink with aparticularalabaster-
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producingregion.Thehomogeneousisotopesignaturesalsocorroboratethestylisticattribu-
tion of all investigatedalabastersculpturesto acommonworkshopor groupof workshops,
indicatingthat theªRimini-styleºis indeedrecognizableamongthoseof theearly15th century,
albeitthematerialmayhaveplayedsomerole in theattributions.Thishomogeneityconcerns
both themasterpiecesattributedto thehandof theMasterof Rimini himselfandminor pieces
like thePiet� groups(Fig3D±3G)thathavebeensupposedto be,at leastpartly,serialwork-
shopproductions[4]. Particularlyinstructiveexamplesin this respectarethePiet� groupscon-
servedin Koblenz(Fig3E)andWuÈrzburg(Fig3F)virtually identicalin their dimensionsand
details.Materialhomogeneityindicatesastronglink betweentheworkshopleaderand
apprenticesandmaybealsopossibleimitatorsor followers.If thelatterexisted,theyusedthe
samematerialwhich,again,indicateseitheracloseaestheticassociationof thesoughtstyle
with aspecifictypeof alabasteror alocal/regionalsupplyfor themainworkshopandpossible
satelliteworkshops.Similarly,theRiemenschneiderworkshopusedasinglealabastersource,
in spiteof theonly occasionalemployof thismaterialandthelargetemporalspreadingof the
concernedartworks.

Noneof thehistoricalEuropeandepositsidentifiedpreviously[19], correspondsto the
observedisotopesignaturesof thetwo artworkcorpuses.Thefactthat thegeochemicalsigna-
turesof theproductionsof theRimini andRiemenschneiderworkshopsareidenticalfor the
investigatedcorpuses,pointsto aSouth-Germansupplyfor both.

Concerningthetwo hypothesesprevailingsofar on thescarcealabastersculpturesbyRie-
menschneiderandhisworkshop[1], wecanruleout with certaintythat thehistoricalmaterial
originatesfrom thePermiangypsumandanhydritedepositsof theHarzmountains,their very
distinctivefingerprintsbeingincompatiblewith thoseof theartworks.Theremaininghypoth-
esisfor theoriginalmaterialis thatof alocalsupplyaroundthecity of WuÈrzburgwhereRie-
menschneiderresidedfor nearlyfivedecades.Indeed,westatethat theFranconianalabaster
depositsof theSteigerwaldregionEandSEof WuÈrzburg,differentfrom all otherEuropean
depositssofar investigated,aretheonly with isotopicfingerprintscompatiblewith both those
of theRimini andRiemenschneidercorpuses,themostdiscriminatingparametersbeingstron-
tium andsulphurisotopes.

Theonly notableexceptionis theheadof SaintPeteraspartof theRimini crucifixion (Fig
3P)with aclearlyPermiansulphateisotopecompositionthatcanbelinked to theHarzalabas-
ter quarriesnearNordhausen.TheSaintPeterwasheadlesswhenSwarzenskiacquiredit in
1913[3, 4] for theLiebieghausandwascombinedwith anexistinghead,mostlikely dating
from the19th century.

TheIckelheimalabasteris theonly of theinvestigatedFranconiandepositsto showthedis-
tinctivemacroscopicfeaturesobservedfor theRimini sculptures(Fig3).Also,thedimensions
of theartworkarecompatiblewith theuseof gypsumnodulesasstatedbyour 18th century
source[39] from theIckelheimquarries.Thedurationof four centuriesof exploitationof the
IckelheimquarriesmentionedbyHofmannin 1757,thoughto betakenwith care,would
includetheproductionphasesof theRimini andRiemenschneiderworkshops.Wethuscon-
cludethat theIckelheimquarriesarethemostlikely sourceof supplyfor both.

Concerningthesupplyandlocationof theRimini workshop,two newscenarioscomeinto
question:

1. Theworkshopwassituatedin the SouthernNetherlandsor in Northern Franceandwas
exclusivelysuppliedwith Franconianalabaster.Thisscenarioisbasedon thecurrentcon-
sensuson theinfluenceof Flemishpaintingon thestyleof theRimini sculptures,notablyof
theMasterof Flemalle[4], andon thescarcehintson theParisianart marketfor thetrade
of theRimini productions,notablefor theWrocøawgroup[11].
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2. TheRimini workshopwassituatednearthe Franconiandepositsandusedexclusively
the material easilyavailablenearits doorstep,asit isevidentfor theRiemenschneiderala-
basterproduction.TheMasterof Rimini might, in thiscase,havereceivedhiseducationin
theFranco-Flemishsphereor beenstronglyinspiredby theart of this region,markinghis
iconographyandstylealongwith othersourcesof influences,particularlyfrom Central
Europeanart [14].

Wecannot,basedon isotopefingerprinting alone,decidebetweenbothscenarios,yetour
findingsproveavoluntarychoiceof thematerial,eitherfor aestheticor for practical/economic
reasons.

Thefirst scenariowould imply atransportof morethan600km from theFranconianquar-
riesto theNetherlands,to Bruges,suggestedbyKim Woodsasapossiblelocationof thework-
shop[1, 2]. Tradeof rawmaterialsoverlongdistancesisnowwelldocumented[46], for
Englishalabaster[19,47],theFrenchAlpine deposits[19] and,to alesserextent,of Spanish
material(notablyfor theBeudaquarries[19]). TheMain andRhineriversmayhaveservedfor
riverinetransport,theIckelheimquarriesbeingsituated37km from theMain river (Fig1),
thelatterflowing to theRhine,navigableasfar astheSouthernNetherlandssinceantique
times[48]. Furthermore,thedimensionsof theblocsarerathermodest,all below60cmfor
our corpus,facilitatingtransport,aspecificityof theRimini sculpturespointedout byLegner
[4].

However,thefirst scenarioraisesanumberof questions:If theworkshopwassituatedin
theSouthernNetherlandsor in Northern France,whydid it not useother,morereadilyavail-
ablematerial,e.g.Englishalabasterfrom theEastMidlandsor FrenchAlabasterfrom the
Alpine deposits,known to havetransitedat this time to andthroughFrance[19]?Why did the
Masterof Rimini chooseFranconianalabasterfor hisworkshop?Here,wemaysuggestthathe
knewthesedeposits,perhapsdueto Germanroots,andfor some(aesthetic,relational,eco-
nomic?)reasonsclungto themduring thewholelifetimeof hisworkshop.Wehaveother
examplesof suchaconservatismin thechoiceof aspecificmaterial,e.g.,fifty yearslater,the
sculptorMartin Claustre,originatingfrom Grenoble,whocontinuedusingthealpinealabaster
of Notre-Dame-de-MeÂsage,longafterhavingleft theDauphineÂregion[49]. Thelastquestion
is themostintriguing one:If aEurope-wideexportof Franconianalabasterexisted,whydo we
find its fingerprintsin noneof theothermedievalandearlymodernEuropeanartworkspub-
lishedsofar [19,20]?Onecanarguethat thetotalnumberof analysesisstill quitelimited,
comparedto theexistingalabasterEuropeanartworkof thelateMiddle Ages,andthat there
aresomeinevitablebiasesof sampling.Notably,the15th centuryalabastersculpturefrom the
LowCountrieswasin largepartsdestroyedby theiconoclastReformationmovementsof the
16th centuryandis thereforeinaccessibleto investigation.Germanalabastersculptureissofar
underrepresentedin our corpus.Nonetheless,the15th cent.useof Franconianalabaster
appears,at thepresentstateof our research,focusedon andexclusivefor two workshops,plus
eventualfollowers,oneof them,theRiemenschneiderworkshop,beingsituatedwith certitude
in theFranconianregion.

Thisprovidessomeargumentsfor thesecondscenario,aregionalanchoringof theRimini
workshopin SouthernGermany.In thiscase,whydoesthestyleandiconographyof the
Rimini groupshowsuchcloselinks with Flemishart,alongsideotherinfluences[4, 9,14]?
Beforethesecondhalfof the15th century,artistbiographiesarerarelyknownwith sufficient
detailto reconstructtheir mobility. Hypothesesof artist itinerancyweresofar largelybasedon
stylisticconsiderationsandtheideaof non-residentartistswanderingfrom town to town in
Europe,thustransmittingnewstylistictendencies(ªWanderkuÈnstlerº).Thisconceptwaslater
qualifiedasaªscientificmythº for individual sculptures[50], evenif it still holdsfor cathedral
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building lodges.Laterandbetterdocumentedbiographiesshow,that,indeed,Flemishartists
in thelate15th andtheearly16th centurymigratedall overEurope,includingSpain[51],
England[52] andGermany[53], thusdisseminatingtheFlemishstyleandmakingit theinter-
nationalreferenceof thetime.A prominentexampleof amigratingalbeitnot itinerant artist is
thesculptorNicolasGerhaertborn in Leydenaround1420whoinstalledaworkshopin Stras-
bourgbefore1463,andacceptedin 1467anofferof theEmperorandmovingto theimperial
residenceof WienerNeustadtwherehediedin 1473[54].

TheMasterof theRimini Altarpiececouldbeconsideredasanearlierexampleof such
internationalmobility. Yet,theconstancyof supplyclearlycontradictsthehypothesisof an
itinerant artist [50] introducedat thebeginningof theRimini researchbySwarzenski[3] and
KoÈrte [55] andconfirmstheprevailingtheoryof ageographicallystable,highlyspecialized
exportworkshop.Wemaypostulatethat it wasrun byasculptorwho,havingreceivedhisedu-
cationor artisticinspirationin theFlemishsphere,installedhisworkshopin SouthernGer-
many.Like laterNicolasGerhaertin Strasbourg[56] andthenumerousFlemishartists
working in Spain[57,58] in thesecondhalfof the15th century,hemight havesoughtto escape
theconstraintsof therigid guild systemof townsin theLowCountrieslike Brugeswhich
throttledartisticinnovation[57]. Furthermore,asJollystatesfor Flemishsculptor'smigration
to earlyRenaissanceGermany,anothermotivationmight havebeenthereadilyavailableraw
materialthatwasnon-existentin theNetherlands[53].

A potentialcandidatefor theRimini workshop'slocationis thetown of Nuremberg,52km
eastfrom theidentifiedalabasterdeposits(Fig1),wherewehaveevidenceof along-lastingtra-
dition of alabastercarving.In Nuremberg,up to theendof the17th centurythisprofessionwas
consideredasªfreeartº, facilitatingtheaccessfor anygiftedartisanwithout requirementof a
masterpiece[59], asopposedto ªsworncraftsº,thelatterbeingoverseenbyamaster[60]. The
craftsmen'srevoltof 1349hadledto anabolitionof theguild system,Nuremberg'sLesser
Council takingtheentiregovernanceof thelocalcraftandtrade[61]. Only in 1698aguild of
alabastermen(ªAlabastererº)wasfoundedleadingto aculminationof activitytill the1720s
[59]. Bytheendof the18th century,thisprofessionseemsto havevirtually vanished[59]. The
oldestexplicitmentionof analabastercarverin Nurembergdatesfrom 1441[62] whenaMar-
tin Guldeinbecamecitizen,provingthat,in theearly15th century,specializedartistswere
activein theregion.Theyprobablyalreadyreliedon localsupply,thuscorroboratingHof-
mann'sstatementof along-lastingactivityfor theIckelheimquarries[39]. Hementionsthat
ªin thepast,frequently40to 50cartloadsof suchstonesºfrom theIckelheimvineyardsªparted
to theImperial town of Nuremberg,ameetingplaceof artistsº.Theattractivenessof theImpe-
rial City of Nurembergasaleadingcentreof craftproductionis indeeddirectlyrelatedto its
LesserCouncil'spolicy[61]. Fromthesecondhalfof the14th centuryonwards,it facilitated,
throughastrongreductionof theregulatoryburden,in particularfor theªfreeartsºincluding
sculpture,theimmigration,settlementandwork of alargenumberof talentedartists[61].

A vastnetworkof commercialrelationsradiatedfrom thepostulatedhighlyproductive
SouthGermanproductioncentreof alabastersculptureboth to theSouth,acrosstheAlpsto
Northern Italy,and,eventuallyviaParis,to Northern Franceandto otherEuropeancapitals.
This is illustratedby thealtarpiecesof Rimini andIsolaBella(formerly in Milano), Saint-
Omerand,potentially,thelostensembleof Arras,thealtarpiecesof SchwabstedtandSchwerte
in Northern Germany,aswellasthecrucifixion groupfrom Wrocøaw(Fig1).TheImperial
City of Nurembergmight havefavouredthedevelopmentof suchanetwork.At thecrossroads
betweenCentralandWesternEurope,betweentheHanseandNorthern Italy, thetown
benefitedfrom imperialprotectionandfreedomof tradesincethe12th century[63]. It devel-
opedafarsightedpolicyof freetradeagreementsandmerchantmobility with all major trade
centresof Europe,from LuÈbeckto Venice,Brugesto CracowandWrocøaw[63].Therehave
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beenstrongeconomicandartisticlinks betweenNurembergandWrocøaw,facilitatingdirect
art tradeof Franconianartworkdeliveredto Silesia[61] evenif theWrocøawalabastergroup
seemsto havetransitedthroughtheanonymousart marketviaParis.Suchmodernformsof
theart marketdeveloped,includingart centresin SouthernGermany,in parallelto traditional
lineswhereart tradingagentslinkedworkshopsto wealthypatrons[64]. AsstatedbyWoods
[1] theoutstandingqualityof theMasterof Rimini's personalproductionmetthedemandsof
theupperendof themarket,similarly to themoreor lesscontemporaneouspaintingsof Van
Eyck.Direct commissionsfrom high-rankingclientslike theMilaneseBorromeiand,most
likely, theMalatestasof Rimini [1] couldhaveprevailedfor thefewconservedmasterpieces
whereastheworkshopproduction,includingserialproductionof devotionalobjects,eventu-
allyalsoby followers,wouldratherbeintendedfor theopenmarket[4]. Thiscouldalso
explainwhynoneof theknownmasterpiecesof theworkshopwereinitially situatedin the
NurembergandevenFranconianregionwhereasseverallesserartworks,mainlyPiet�sasour
examplesfrom WuÈrzburgandBadMergentheim(Fig3Fand3G),canbetracedbackto
churchesin SouthernGermany[40,65].

Our resultsprovideameansto betterconstrainthelargeandsomewhatproteanRimini ala-
bastercorpusasit isobviouslypossibleto identify unambiguouslythepreferredmaterialused
by thisworkshop.Theyshouldalsohelpto geographicallyfocusfuturehistoricalresearchtar-
getingsofar unreportedwritten evidenceof theworkshop'sactivities.Our studyillustrates
howindependentarchaeometricmethodscanshedanewlight on theart historicaldiscussion
on artistmobility andart traderoutesprior to themid-15th centuryin acontextof still sparse
written sourceson artist identitiesand�	��� andthemorethanpatchyrecordsof individual
art tradetransactions.Stylisticanalyses,inevitablysubjectiveto someextent,havebeenthe
mainargumentsfor geographicallysituatingtheRimini workshopwith its pan-Europeradi-
ance,with quitecontradictoryresults.Evenif thematerialsciencescannotprovideanultimate
answerto theenigmaof theMasterof theRimini Altarpiece,weprovidecorroboratingevi-
denceon aterritorial anchoragewithin or astronglink to SouthernGermany,thusre-opening
adebatethatotherwiseseemedto havecometo adead-end.
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