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Abstract

The identity of artists and localisation of workshops are rarely known with certainty before
the mid-15"" 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 Wi&zburg 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 the workshopof the enigmaticMasterof the Rimini Altarpiece,
activearound1420+40remainunknown,in spiteof anabundantproductionand Europe-
wideexportation[1, 2] of his sculpturesexclusivelcutin alabaster.
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Themasterpiecef the2exceptionallyskilled®[1] sculptor,commonlyreferredto asthe
Masterof the Rimini Altarpieceor Masterof Rimini, is acrucifixion groupincluding twelve
apostlesoriginally placedn the churchof SantaMaria delleGrazie nearRimini, Italy. It was
acquiredby the Liebieghaudiuseum(Frankfurt, Germany)in 1913[3, 4]. Distinctivestylistic
featureof this groupledto numerousattributionsof alabasteartwork, spreadall over
Europe to hisworkshop.Thequality of the Rimini altarpieceand severabther stylisticallyand
materiallycloselyrelatedsculptureseachedanartisticleveldesignatinghemto the high-end
art marketin the early15" century. Thefewknown or supposedtlientsareprincelyfamilies
like theltalian Borromeiand Malatestd1] andrich abbeysfrom Arras(N Francefig1)to
WrocgawPoland).However whatKim Woodsspecifiedas?Rimini group®of artworks[1]
encompasseslargerangeof artisticqualities At the lowerendof this spectrumnumerous
minor worksexist,showingsimilaritieswith the Rimini Altarpieceand other masterpieces
attributedto the Masterof Rimini. Theyareconsideredasworkshopproductionsthatmay
havebeendestinedo theanonymousart marketandto personalbdevotion.

Thea@Masterof Rimini® remainsmysteriousn severatespectsCanthe artwork from the
aRimini group®beattributedto the samehand,the sameworkshopor evenagroup of work-
shopsandstylisticfollowersTanthe Masterbe qualifiedasitinerant or migratory artistwith
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Fig 1. Potential localisations and export destinationsof the Master of Rimini workshop.Major historicalalabaster-
producing regionsin latemedievaW Europeandnewlyinvestigatediepositsn Francona;historicd localisatio of
themain known sculpturalensembleselatedto the Rimini worksha (violetpoints,Arras:attribution uncertain);
localitiesmentionedin thetext; potentialareasf activity of the Masterof Rimini workshop(historicalprovinces of
Franconain violet, Flandersn greenandArtois in beigejn their 15"-early16" cent.limits). Backgroundmap:

Major Europearriver basingn light blue,riversin blue.The mapwascreatedisingopensourceQ-GIS3.10software,
underlying data(borders hydrography arefrom thefreeEsriGeoportalServer(https://wwwesri.com/erus/arcgis
productggeoportal-sever/oveniew).

https://abi.org/10.1371durnal.por.0265242.90L
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or without astableworkshopf astableworkshopexistedwherewasthe productionlocated
andwherewasthe nodalpoint of this pan-Europeartradenetwork?.

Only aroughestimateof the survivingwork is possibledueto the diversitywithin this
grouphinderingacleardefinition of thelimits betweerthe production of the Masterof Rimini
or hisworkshopand possibldollowers[5]. Thebroaddiffusion of artwork linked to the Mas-
ter of Rimini with known provenancéFig 1) in Europemakesageographidocalisationof the
workshopimpossiblelt is againon astylisticbasisghat the Masterof Rimini wasfirst qualified
astypicallyMiddle Rhenishsouthof Cologne notablyby SwarzensKi3] who purchasedhe
Rimini groupfor Frankfurtandinitiated the scientificresearcton medievahlabastesculpture
outsideEngland.Swarzenskiormally discardsrom the verybeginningthe possibilitythat the
Masterof Rimini wasltalian [6] alreadymentionsa secondhypothesi®f aNetherlandish-
Frenchorigin of the sculptureof the Rimini group,first formulatedby Volbach[7], thatis
now prevailing,eventhough,askim Woodsstatesn herlandmarkmonographyon medieval
alabastesculpture the possibilitythat the Masterof Rimini wasGermanhasneverbeendis-
missed?2, 5, 8]. Argumentsof the proponentsof a Flemishorigin [1, 2,4, 9+12]are,on the
onehand,theiconographigproximity to paintingsby Rogiervander Weydenandthe Master
of Fl&nalleandto the paintedrepresentatiorof monochromaticsculpturesandotherelements
of JanvanEyck'sGentaltarpiecd1, 2,4], and,on the otherhand,the factthat the Netherlands,
muchlike Burgundyand England wereexportinggothicart atlargescalg7]. Recentlyparal-
lelswith a14" centuryFrenchsilk painting havebeenpointedout [13]. Undeniably the
Rimini styleis multifacetedandotherartisticinfluencesnotablyfrom CentralEuropehave
beendiscerned8, 14].

Our studyshedsanewlight on the Rimini enigma from ananglesofar underexploitedn a
researctdominatedby art historical,stylisticandiconographicapproachedt focuse®n the
materialusedfor the artworksattributedto the Rimini group.Historically, varietiesof both
calciteandgypsum/anhydriteand,in somecasespnyx,i.e.abandedform of the silicatemin-
eralchalcedonyweredesignateds"alabaster.Thenamestemsrom the calcitevariety,
known as"Egyptian'or "Oriental"alabasterThe stoneof Egyptian ,  small-sizedint-
mentvesselds abrownish,bandedcalciumcarbonatgCaCQs) andgeologicallyspeaking
calcareousinteror traverting[15]. In our study,weusetheterm for whatAstonetal.referred
to as®real®labastef15], which alonein medievaEuropewaswidespreadndusedfor sculp-
ture, thefine-grainedto cryptocrystallinevarietyof gypsumahydrouscalciumsulfate
(CasQ 2H,0) or its anhydrousvarietythe anhydrite(CaSQ) [16,17].

It waskKim Woodswhofirst statedsimilaritiesin the appearancésimilar, albeitnot identi-
cal°[1]) of thealabasteusedboth by the Masterof Rimini andanothersculptorandwood
carver,Tilman Riemenschneidgi1450+1531He isamongthe mostprominent namesof late
medievakculptureandhis biographyandartistic production, halfa centuryafterthe obscure
Masterof Rimini, aredocumentedn detail[8, 18]. Bothusedan alabastedescribedas®cov-
eredwith distinctivenetwork of greyveinsaround2 mm thick andresemblingblood vessels®
[1] (Fig 2A). We makeuseof the provencapacityof Sr,Sand O isotopefingerprintsto dis-
criminatehistoricalEuropearalabastedeposity19+21]to verify thisintriguing resemblance,
to testthe provenancef the materialusedby both the Masterof Rimini andby Riemenschnei-
der,and,ultimately,to providenewevidencdo theidentity of the Masterof Rimini andthe
locationof hisworkshopby identifying his supplychains We then confront our geochemical
resultswith the rarewritten medievakource®n artwork of the Rimini groupthatwehave
investigatedn somemore detail,goingbackto someof the original manuscripts.

Two latemedievakource®xistthat reveala Europe-wideradeof alabastesculpturein the
first half of the 15" century,thetime the Rimini-workshopwasactive Thefirst concernsa
grouprepresentinghe swooningMary, the so-called¢ThreeMaries®,nowin the National
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Fig 2. Characterstic cleargreyand dark veinsof the alabaser usedby the Rimini workshop.(A) Backsideof the
SwooningMary groupof the Rimini Crucifixion, Liebieghas Skulpturenammlung(B) polishedsurfaceof the
Ickelheimalabaster.

https://abi.org/10.1371durnal.por.0265242.902

Museumof Warsawandinvestigatedn our study(Fig 3C). It waspart of a Crucifixion, now
attributedto the Masterof Rimini, acquiredin 1431for the churchof our Ladyof the Sandin
WrocgawPoland)by the Abbot Jodocusf the WrocgawAugustinianfriary from a Parisian
merchant|3, 10,11,22,23],evenif Woods[1] pointsout thatthe term for designingParisin
theWrocgaviraderecord( ) isambiguousWe resolvethis ambiguityby
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Fig 3. A-M: Masterof Rimini group. A-C: SwooningMary groups(A: Liebieghas Museum Rimini altarpieceB:
LouvreMuseum,C: NationalMuseumof Warsaw) D-G: Piet s (D: Rijksmuseum Amsterdam E: Mittelrheinmuseum
Koblenz F:Museumam Dom, Wirzburg,G: DeutschordasmuseumBadMergenthém); H-O: ApostlegH-J: Rimini
Altarpiece Liebieghas Museum Frankfurt,K: J.PaulGettyMuseum L-M: Musée del'Hdtel SandelinN: Louvre
Museum,0;-O,: SchwerteSaintViktor church);P: Replacementf the headof SaintPeter Liebieghaus/useum,
Rimini altarpieceQ: 3/ . &Srf%srfor artwork and Francanian quarries. For comparisonprincipal deposis
previouslyidentifiedto havedeliveredalabastefor 14" to 16" centurysculpturein W Europe[19+21] renormalised
to V-CDT. R-W: Riemenghneiderand workshop.R-T: Annunciation groups(R: LouvreMuseum,S-T:
Rijksmugum),U: SaintJeromeClevelandMuseumof FineArt, V: Annunciation,D. KatzGallery,W: Madonnaand
the Child in thelap of SaintAnne, Museumfér Franken Photographic credits: NationalMuseumin Warsaw(C),
reprintedfrom https://cyfowe.mnw.&.pl/en/catdog/616803inderaCCBY licensel.iebieghas Museum(A, H, |,
J),kindly providedby Liebieghag Museumwith permissiorto publishunderaCCBY licenseRijksmugum(D),
reprintedfrom https://wwwrijksmuseumnl/en/colection/BK-NV-11667undera CCBY license,).PaulGetty
Museum(K), reprintedfrom http://www.getty.ed{art/collecton/objects/28883/masterf-the-rimini-altarundera
CCBY licenseClevelandMuseumof FineArt (U), reprintedfrom https://www.cleveland#.org/art/194.82undera
CCBYlicenseD. KatzGallery(V) kindly providedby D. KatzGallerywith permissiorto publishunderaCCBY
licenseOtherphotos(B, E-G,L-P, R-T, W) author'sown photograghic work (Wolfram Kloppmann).

https://dbi.org/10.1371durnal.por.0265242.908

identifyingthe expressior? asalatertranscriptionerror that shouldread?

° asin the earliestpreservedaopyof Jodocuslostmanuscript,pointing to aCalvary-
like arrangementseeadetaileddiscussioron this point in the S1Appendixand S1,S2Figsin
S1File).

The seconddocumentedacquisition,oneyearlater,in 1432 wasmadeby Jearde Clercq,
the Abbot of the SaintVaastAbbeyat Arras (N-France Fig 1), who boughtan alabasteCoro-
nation of the Virgin groupincluding thetwelveapostlesfrom a Germanmerchant{24+26].
Thisensemblés lostbut alabasteartwork from the sameperiodis still conservedn the same
ancientArtois region,notablythe four apostlegFig 3L and 3M), supposedlyart of asimilar
altarpiecewith twelveapostlesacquiredin 1429y the canonGauthierPonchefor the Saint-
Omer Cathedra[24], nowin the Musée deI'Hdtel Sandelinin Saint-Omerthatcanbe
countedin thegroupof Rimini art[24]. Bothwritten sourcediavebeenusedasargumentgor
situatingthe workshopin Paris[4, 13],N-Franceor S-Netherland§l] or in Germany{27,28].

Whereaghe Masterof Rimini and hisworkshopexclusivelyusedalabasterthis materialis
anexceptionn theworksof Tilman Riemenschneidegneof the mostaccomplishedrtistsof
LateGothicsculpture After uncertainyearsof apprenticeshiandjourneying,hesettleddown
definitelyin Wiirzburg (SouthernGermany)in 1483 whereheworkedin lime-wood,sand-
stone,andlimestong[18]. Until recently only five alabastesculpturesvereattributedto
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Riemenschneidesind hisworkshop[29], aSaintJeromenow in The Clevelandvluseumof
Art, the Virgin of the Annunciation heldby the Louvre(Paris),acompleteAnnunciation
group,Virgin andAngelGabriel,atthe RijksmuseumAmsterdam)anda SaintBarbaranow
in aprivatecollectionin Bremen.Two bas-reliefsverenewlyaddedto Riemenschneiderala-
bastercorpus,aMadonnaandthe Child in thelap of SaintAnne (a so-calledAnna Selbdritt
group),nowin the Museumfér Franken(Wi&zburg)[30] andan Annunciation,formerlyin a
privatecollectionin Munich andexposedn the Munich NationalMuseum,currentlyfor sale
[31]. Reputedlyaltarsin the chantryof the Wérzburg Cathedralweredecoratedvith alabaster
statuesy Riemenschneiderisand,now lost[29]. The ClevelandsaintJeromeandthe Louvre
Virgin canbetracedbackto the collectionof aclergymarin Erfurt [32], in the 19" century
andaresupposedo havebeencommandedyy the clergyof Erfurt for the churchof Saint
PeterabbeyTheyweresoldafter1892from aprivatecollectionin DieburgnearFrankfurt
[33] andtheir attribution to Riemenschneidadatesbackto 1906[34] for the LouvreVirgin
andto 1909[33] for the ClevelandsaintJerome.

Riemenschneiderisfrequentalabasteworksareratherlargelyspreadn time [8]: they
coveraperiodfrom 1485+1487AmsterdamAnnunciationgroup)to 1505+ 1(SaintJerome)
[29,35], all datingbeingbasedn stylisticcomparisonsThereasondor usingalabastemter-
mittently canonly besuspectedl’he commandsrom Erfurt might haveexplicitly specified
andevenfurnishedthe materialto beused[29]. Indeed,Permianalabastewasquarriednorth
of Erfurt in the SouthHarzregion,notablyin NordhausenThuringia) but first written rec-
ordson this depositarefrom the mid-16" century[36], and northwestof Erfurt in Witzenhau-
sen(Hesse)exploitedasearlyas1458[10]. Riemenschneidemayhaveknown alabastefrom
hisyouthin theHarzregion[18], assupposedby JustusBier[29] but alsodiscoveredt in
SouthernGermanywhereit aboundsn the environsof his hometown Wizburg.

In this studywereportisotopeanalysesf anearcompletecorpusof the survivingRie-
menschneidealabastesculptureqsix out of sevenandarepresentativeelectiorof sculptures
attributedto the Rimini group,including masterpiecekke the Rimini altarandthe Wrocgaw
groupbut alsosmallerindividual workswith undeniableserialproduction.Our databaseon
Europearalabastef19, 20]is completedoy newdataon historicalquarriessouthGerman,
Franconianalabastemneof the two possiblesourcegor the Riemenschneidawrorkshop.

Materials and methods
Artwork included in this study

We haveobtainedandanalysedamplesrom fifteenartworks,now scatteredvorldwide,
attributedto the@Rimini group®[1], to the Master'sown hand,hisworkshopandhypothetical
followers, Our corpusincludesfour statuesand groupsfrom his mostprominent opus,the
Rimini altarpiecerecentlyrestoredatthe LiebieghaudMuseum(Frankfurt, Germany) plus
onelaterreplacementThe otherworksarean Apostle(RF4402)andthe Swoonof the Virgin
(RF1639)from the LouvreMuseum(Paris,France)the SaintPhilip (2015.58pf the J.Paul
GettyMuseum(LosAngeleslJSA),the Swoonof the Virgin (the so-called*ThreeMaries®
group, r.402) of the NationalMuseumof Warsaw(Poland),the Piet (BK11667)pf the Rijks-
museum(Amsterdam Netherlands)the Piet (P 1990/13)of the Mittelrheinmuseum
(Koblenz,Germany)thePiet (Inv. 491)of the Museumam Dom (Wi zburg,Germany)and
thePiet of the DeutschordensmuseuBadMergentheimGermany).Two of thefour Apos-
tles(2911.3and2911.4)of the Musée de'Hdtel Sandelin(Saint-Omer France)wereinvesti-
gated aswellasone Apostleandhis pedestain the SaintViktor churchin Schwerte
(Germany)whereeightalabasteapostlesanda Christin Majestywereintegratedn alater
woodenAntwerp altarpiece.
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Of theseverknown alabasteworksattributedto Riemenschneidesind his workshop,we
havebeenableto characterizeix,including the SaintJeromg CMA 1946.82)heldby the
ClevelandMluseumof FineArt (Ohio, USA),the Virgin of the Annunciation (RF1384)atthe
Louvre,the Annunciation Virgin and Angel(BK-16986-AandB) at the Rijksmuseumthe
Anna Selbdritt(ZV67983)of the Museumféir Franken(Wi&zburg, Germany)andthe
Annunciationcurrently atthe DanielKatzGallery(London, UK).

For all museum/collectiorsamplesthe inventory numbersof the sampledartwork, names
andlocationsof museumsarereportedin S1Tablein S1File2Analyzedartwork®, column
aCurrentsituation®Table,ijmagedn Fig 3. All necessarpermitswereobtainedfor the
describedstudy,which compliedwith all relevantregulations.

Identification of historical quarriesin SouthernGermany

Thehypothesi®f aSouthGermanor CentralGermanorigin for the alabasteusedby Rie-
menschneidedirectedour researctio the Wiirzburgregion (FranconiaN-BavariaGermany).
Geologicallyall Franconianalabastebelonggo the Upper TriassicLadinianto Karnian (Keu-
per) evaporite$37] thatregionallycomprisetwo gypsumcomplexedntercalatedn grey,green
anddark red marls:amassivevhite gypsumbankof around10m (the so-calledGrundgips®)
andalesscontinuouslevelof gypsumnodules attainingdiameteraup to 1.1m, locallyforming
anests®This higherlevelhasdeliveredalabasterfrequentlycontainingargillaceouslasersand
veinsandrarelypurewhite whereasomecolouredvarietiesveresoughtfor [37].
Thegypsumindustrywasandis still activein this regionbut the historicalalabastequar-
riesin SouthernGermany(Franconia)arescarceldocumentedn recentliterature[37]. For-
tunatelywedisposef two 18" centurywritten sourceslescribingin detailthe ancient
alabasteexploitationsof the municipalitiesof Castel[38] and of Ickelheim[39], respectively
35and65km SEfrom Wizburg(Fig 1). The Castellalabastewith agrey,awhite andared-
dishvarietywasusedat leastrom the 16" centuryonwards Thefirst textsourceon its use
[38] dateshackto 1578andit waswidelyemployedn the 16" to 18" centuriesfor decorative
elementsn religiousarchitecturemainly the greyvarietydueto its resemblancé marble.
Followingtheanonymougdescription[38] of 1791 welocalizedthe historicalexploitations
accuratelyto afew100m andanalysedhreesample®f massiveandnodularalabaster.
Thelckelheimdepositis describedn greatdetailby Hofmannin 1757 He stateghe open-
ing, of a®newquarry®,in 1748 whereashe nearby?old quarry® hadreputedlybeenexploited
for 2400years®He alsomentionsthe exploitationof alabastenodulesfrom the vineyardsn
thevicinity, with frequentlargescaleéransportsto Nuremberg His descriptionof the material
is mostintriguing: the colouris @throughoutwhite® with 2subtleveinsof the samewhite col-
our® whereasomenodulescontainblackveins.This correspondgreciselyto Kim Woods'
macroscopidescriptionof the materialusedby the Masterof Rimini [1] (Fig 3). Thedimen-
sionsheprovidesfor the2stones®r nodulesaremostly30x60cm andthe heaviestayattain
200+30Wg sothat, for funeraleffigies2four of them needto beskilfully assembledWe
indeedstatethat neitherof theindividual statuesn our corpusexceed$0cm.Oneexceptional
caseof abiggersculptureassociatetb the Rimini workshopthe Piet [27] of the Louvre
Museum(R.F.1807H: 0.95W: 0.83m., D: 0,38m), not includedin this studydueto its fragil-
ity, is distinctly compositeand not monolithic. For somesculpturegelatedto the Rimini
group,it hasbeensupposedhattheir geometrywasdeterminedby the dimensionsandround-
ing of the usedalabastepiece notablyfor the MergentheimPiet [40] (Fig 3G)sothatit is
likely thatindeednodulesandnot bankedalabastetevelswvereused.
Hofmann'stopographicdescriptionis sufficientlypreciseo locatewith ahigh degreeof
confidencethe historicallocationsof the 2new®andalsoof the 2old® quarryevenif the
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alabastehostingmarlsarerapidly eroded.Thelckelheimvineyardsarestill deliveringalabas-
ter nodulesof decimetricsize On total, weanalysedour nodulesandfragmentsrom four dif-
ferentlocationsSEof thevillage.

Thethird sampled~ranconiandepositof similar geologicabge(threesamples)Markt
Seinsheimis mentionedin 1840to havedeliveredalabasteandgypsum[41]. We sampled
white gypsumfrom abandonecdexploitationsat two differentlocationsin distinct stratigraphic
positionsthe Karnianmassivestratiform2GrundgipsClayer,andthe Ladinianto Karnian
massiveo nodularalabastecontainedin the marlsof the Estheriebeds.

Detailsareprovidedin S2Tablein S1File.

Sampling

Therequiredminimum quantity for acompleteisotopeanalysigSr,S,and O isotopesusing
themethoddescribedn Kloppmann,Leroux(19)is lesshan20mg. This correspondgo a
tiny flakeof around2 x 2 x 2 mm. Flakessampledwith aminiature chiselon anon-carved,
non-visiblesurfaceof the sculpture(e.g.rearsurfaceor base)werepreferredto micro-drilling
for two reasons(l) It is possibleo detectand correctanytreatmentor contaminationof the
surfaceby manualcleaningunderamicroscope(2) thereis lessaesthetiémpactasthe non-
carvedsurfacedrequentlyhavedefectsuchasdrilled fixing holesor irregularsurfacesllow-
ing discretesamplingto beundertakenWe strictly avoidedanysuspectedr visiblerepairsor
fixingswheregypsumplaster/mortarwerepresentasthesearehighly contaminantfor our
method.We alsoavoidedor cleanednechanicallywhenevepossibleunderabinocular
microscopeby scrapingwith pointedtweezersany surfacareatmentqpatina,wax,white-
wash,. .) to obtainunalteredisotopesignature®f freshmaterial.

Analyses

Thesamplesrecrushedweighedand slowlydissolvedn aclosedubefilled with 50ml of Milli-
porel distiledwaterat50EGn anovenfor atleastoneweek After filtration, the 50ml solution
isdividedin threealiquots;two aliquotsof 5 ml areusedfor Srisotopesandelementabnalysis,
theremaining40ml for sulphatessotopesSulphatesireprecipitatedasBaSQ from thefiltered
solutionby addingacidifiedBaC}, solution (5%HCI). Theprecipitateis thenfiltered off andleft
to dry andafraction( 350 @) of BaSQis mixedwith vanadiumpentoxidein atin capsuld42],
injectedin aflashcombustionelementabnalyse(FlashEA) whereBaSQisreducedo SO2at
1700+1800EChe purified SO, is analysedor Sisotopesy acontinuousflow isotoperatio mass
spectromete(CF-IRMS:ThermoDeltaPlusXP).An aliquotof theBaSQ ( 200 g) isplacedn a
silvercapsuleinjectedin ahigh temperatureconversiorelementahnalyse(TC/EA) reactorwith
agraphiteinsertat 1450ECTheresultingCO is analysedy CF-IRMSfor oxygenisotopesThe
isotopiccompositionof sulphuris expresseth the usualdeltanotationasapermil (¥2) deviation
of the heavy-to-lightisotopeabundanceatio (3SF%S,%0/*%0) in the samplewith respecto
internationalstandardg$43]. 3*S£%S,including previouslyreportedvaluegor the historicalquar-
ries[19,20] havebeen(re-)normalisedo the V-CDT standardusingthe following mostrecent
3‘Svalueg¥2 . V-CDT) for the BaSQ sulphatereferencematerialsprovidedby the IAEA and

the NBS:IAEA-SO-6(-34.05%), IAEA-SO-5(0.49Y%), NBS12121.12%%).

Oxygenisotopesarereportedas %0 with respecto the V-SMOW standard Sulphurand
oxygenisotopesaremeasuredwice.Theerror, basen repeatedneasurementsf interna-
tional andin-housestandardsis 0.5% for 0 and0.3% for 3*S(1 followingcommon
practicefor IRMS[44]).

Chemicalpurification of Sris performedusinganion-exchangeolumn (Sr-Specpefore
massanalysisaccordingto amethodadaptedrom Pin and Bassir{45], with total blank<1 ng

PLOS ONE | https://doi.org/10.1371/journal.pone.0265242  April 12, 2022 8/17



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

for the entirechemicalprocedure After chemicalkeparationaround150ng of Sris loaded
onto atungstenfilamentwith atantalumactivatorandanalysedvith aFinniganMAT262
multi-collectorthermalionization massspectromete(TIMS). Themeasured’Sr%rratios
arenormalizedto a®®Srf8Srof 0.1194An averagénternal precisionof 10x 10° (2 ,) was
currently obtainedduring this study. Thereproducibility of the 8’Srf®Srratio measurements
wastestedhroughrepeatedinalysesf the NBS987standardfor which we obtainedamea-
suredmeanvalueof 0.710245 11x10° (2 ; n = 324)during the period of analysisSample
ratioswerenormalizedto the certifiedvalueof the NBS98710.710240).

Results
Isotopefingerprinting

All samplesvereanalysedor their isotopiccompositionof strontium, sulphurandoxygen,
following the protocoldescribedn the Materialsand Methodssection Resultsaareprovidedin
S3Tablein S1File,Fig3,andS4Figin S1File.

All sculpturesof our Rimini corpusshowveryhomogeneoustrontium andsulphurisotope
signaturezomparedo the overallvariability of the alabastedeposit19] with meanvalues
andstandarddeviationsof respectivel¥).70862 0.00003or 0.00006,2) (n =16)for
87Sr°Srcomparedo ananalyticaluncertaintyaround0.000007andof 14.6  0.1%%

V-CDT (n=16)for 3%S.For 39S thestandarddeviationsaresmallerthantheanalytical
uncertaintyof 0.3%. Oxygenisotopevaluesaremorevariablewith amean %0 0f12.8 0.8
Y% . V-SMOW (n = 16)comparedo ananalyticaluncertaintyof 0.5%. Theheadof Saint
Peterin the Rimini Altarpiecenowin the Liebieghau¢INV 418),considerechsalateraddi-
tion, clearlyrepresentsnoutlier, with a®’Srf°Srof 0.707111 0.00000&nda 3*Sof

11.8 0.3% . V-CDT (Fig3Q).

Thevaluesf the artworksattributedto Riemenschneideaindworkshopfall in the same
field asthe Rimini sculpturegFig 3R,S4Figin S1File.)with meanvaluesrespectivelyor
87Srf%sr, 3%s,and %0, 0f0.70868 0.0000%n=6),14.5 0.1% . V-CDT (n=5),and
12.8 0.9 . V-SMOW.

TheFranconianquarriesin the Steigerwaldegion SEof Wiitzburgshowamean®’Sr/°sr
0f0.70856 0.0001Zn = 10).Themean **Svalueis15.1 0.3% . CDT(n=10)andthe
mean ®0is13.5 0.4% . V-SMOW (n = 10).Fortheboth latterelementsthe standard
deviationof theraw materialss smallerthanthe analyticaluncertainty.No distinction of the
individual quarries(lckelheim,CastellMarkt Seinsheim)s possiblén this groupbasedn
isotopiccompositions.

Discussion

Themoststriking factof our resultsis theisotopichomogeneityof the artworksattributedto
the Masterof the Rimini Altarpieceandworkshop,comparedo the overallvariability of the
principal Europearalabastedepositd19] (Fig 3Q). Thisis particularlytrue for the Srand S
fingerprintswhereashe oxygensignaturearemorevariable(S4Figin S1File.),whichisusu-
allythe casdor the gypsumandanhydritesofar investigated19]. We canconcludethatthe
Rimini workshopuseda singlesourceof alabastesupply likely asinglequarry,whichis com-
patiblewith the visualhomogeneityof the materialstatedbefore[1]. Thisfactis mostastonish-
ing in the contextof the currenthypothesiof the workshopbeingsituatedin or around
FlandersThe Low Countrieshaveindeedastrongtradition of alabastecarvingbut no local
alabastesourcesGiventhe largevarietyof provenancesf imported materialavailabldgo a
supposedlylemishworkshop the veryselectivesupplywould indicateeitheran aesthetic
choiceor astrongtraditional,commercialor personalink with aparticularalabaster-
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producingregion.Thehomogeneougsotopesignatureslsocorroboratethe stylisticattribu-
tion of all investigatedlabastesculptureso acommonworkshopor groupof workshops,
indicatingthat the 2Rimini-style®is indeedrecognizablamongthoseof the early15" century,
albeitthe materialmayhaveplayedsomerolein the attributions. Thishomogeneityconcerns
both the masterpieceattributedto the hand of the Masterof Rimini himselfand minor pieces
like the Piet groups(Fig3D+3G)thathavebeensupposedo be,atleastpartly, serialwork-
shopproductions[4]. Particularlyinstructiveexamplesn thisrespectirethe Piet groupscon-
servedn Koblenz(Fig 3E)and W& zburg (Fig 3F)virtually identicalin their dimensionsand
details Materialhomogeneityindicatesa stronglink betweertheworkshopleaderand
apprenticeand maybealsopossiblamitators or followers.If the latter existedtheyusedthe
samematerialwhich,again,indicateseitheracloseaestheti@ssociatiorof the soughtstyle
with aspecifictypeof alabasteor alocal/regionakupplyfor the main workshopand possible
satelliteworkshopsSimilarly,the Riemenschneidarvorkshopusedasinglealabastesource,
in spiteof the only occasionaémployof this materialandthe largetemporalspreadingf the
concernedartworks.

Noneof the historicalEuropeardepositddentified previously{19], correspondsgo the
observedsotopesignature®of the two artwork corpusesThefactthatthe geochemicadigna-
turesof the productionsof the Rimini and Riemenschneidervorkshopsareidenticalfor the
investigatedorpusespointsto a South-Germarsupplyfor both.

Concerningthetwo hypothesegrevailingsofar on the scarcealabastesculpturesy Rie-
menschneideandhisworkshop[1], wecanrule out with certaintythat the historicalmaterial
originatesfrom the Permiangypsumand anhydritedepositof the Harz mountains their very
distinctivefingerprintsbeingincompatiblewith thoseof the artworks.Theremaininghypoth-
esigfor the original materialis that of alocalsupplyaroundthe city of Wi zburgwhereRie-
menschneideresidedfor nearlyfive decadedndeed ,we statethatthe Franconianalabaster
depositof the Steigerwaldegion E and SEof Wiitzburg, differentfrom all other European
depositsofar investigatedarethe only with isotopicfingerprintscompatiblewith boththose
of the Rimini andRiemenschneiderorpusesthe mostdiscriminatingparameterdeingstron-
tium andsulphurisotopes.

Theonly notableexceptioris the headof SaintPeteraspart of the Rimini crucifixion (Fig
3P)with aclearlyPermiansulphatésotopecompositionthat canbelinked to the Harz alabas-
ter quarriesnearNordhausenThe SaintPeterwasheadlessvhenSwarzenskacquiredit in
1913[3, 4] for the Liebieghausindwascombinedwith anexistinghead,mostlikely dating
from the 19" century.

Thelckelheimalabasteis the only of the investigated-ranconiandepositso showthe dis-
tinctive macroscopideatureobservedor the Rimini sculptureqFig 3). Also,the dimensions
of theartwork arecompatiblewith the useof gypsumnodulesasstatedby our 18" century
source39] from the Ickelheimquarries.Theduration of four centuriesof exploitationof the
Ickelheimqguarriesmentionedby Hofmannin 1757 thoughto betakenwith care would
includethe productionphase®f the Rimini and RiemenschneidarvorkshopsWe thuscon-
cludethatthe Ickelheimquarriesarethe mostlikely sourceof supplyfor both.

Concerningthe supplyandlocationof the Rimini workshop two newscenariogomeinto
question:

1. Theworkshopwassituatedin the SouthernNetherlandsor in Northern Franceandwas
exclusivelysuppliedwith Franconianalabaster.This scenarids basedn the currentcon-
sensu®n theinfluenceof Flemishpainting on the styleof the Rimini sculpturesnotablyof
the Masterof Flemallg[4], and on the scarcéhints on the Parisianart marketfor thetrade
of the Rimini productions,notablefor the Wrocgavgroup[11].
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2. The Rimini workshopwassituated nearthe Franconiandepositsand usedexclusively
the material easilyavailablenearits doorstep,asit is evidentfor the Riemenschneideala-
bastemproduction. The Masterof Rimini might, in this casehavereceivechis educationin
the Franco-Flemistsphereor beenstronglyinspiredby the art of this region,marking his
iconographyand stylealongwith other source®f influencesparticularlyfrom Central
Europearart [14].

We cannot,basedn isotopefingerprinting alone decidebetweerboth scenariosyetour
findings proveavoluntarychoiceof the material,eitherfor aesthetior for practical/economic
reasons.

Thefirst scenariovould imply atransportof more than 600km from the Franconianquar-
riesto the Netherlandsto Brugessuggestetly Kim Woodsasa possibldocationof the work-
shop[1, 2]. Tradeof raw materialsoverlong distancess now welldocumented46], for
Englishalabastef19,47],the FrenchAlpine depositd19] and,to alesseextent,of Spanish
material(notablyfor the Beudaguarrieg[19]). The Main and Rhineriversmayhaveservedor
riverinetransport,the Ickelheimquarriesbeingsituated37km from the Main river (Fig 1),
thelatterflowing to the Rhine,navigableasfar asthe SouthernNetherlandssinceantique
times[48]. Furthermore the dimensionsof the blocsarerathermodest all below60cm for
our corpus facilitatingtransport,a specificityof the Rimini sculpturegpointedout by Legner
[4].

However thefirst scenariaaisesanumberof questionslf the workshopwassituatedn
the SouthernNetherlandor in Northern Francewhy did it not useother,morereadilyavail-
ablematerial,e.g.Englishalabastefrom the EastMidlandsor FrenchAlabastefrom the
Alpine depositsknown to havetransitedat this time to andthrough France[19]?Why did the
Masterof Rimini choosd-ranconianalabastefor hisworkshopere,wemaysuggesthathe
knewthesedepositsperhapglueto Germanroots,andfor some(aesthetictelational,eco-
nomic?)reasonslungto themduring thewholelifetime of hisworkshop We haveother
example®f suchaconservatisnin the choiceof aspecifiomaterial,e.g. fifty yeardater,the
sculptorMartin Claustrepriginatingfrom Grenoblewho continuedusingthe alpinealabaster
of Notre-Dame-de-Msagelong afterhavingleft the DauphinBregion[49]. Thelastquestion
isthe mostintriguing one:If aEurope-wideexportof Franconianalabasteexistedwhy do we
find its fingerprintsin noneof the othermedievalnd earlymodern Europearartworkspub-
lishedsofar[19, 20]?0One canarguethat the total numberof analysess still quite limited,
comparedo the existingalabasteEuropearartwork of the lateMiddle Agesandthatthere
aresomeinevitablebiase®f sampling Notably,the 15" centuryalabastesculpturefrom the
Low Countrieswasin largepartsdestroyedyy theiconoclasReformationmovementof the
16" centuryandis thereforeinaccessibléo investigation Germanalabastesculptureis sofar
underrepresenteth our corpus.Nonethelesghe 15" cent.useof Franconianalabaster
appearsatthe presentstateof our researchfocusedn andexclusivdor two workshopsplus
eventuafollowers,oneof them,the Riemenschneidarvorkshop beingsituatedwith certitude
in the Franconiarregion.

This providessomeargumentdor the secondscenarioaregionalanchoringof the Rimini
workshopin SouthernGermany In this casewhy doesthe styleandiconographyof the
Rimini group showsuchcloseinks with Flemishart, alongsideotherinfluenceq4, 9, 14]?
Beforethe seconchalf of the 15" century,artistbiographiesarerarelyknown with sufficient
detailto reconstructheir mobility. Hypothese®f artistitinerancyweresofar largelybasedn
stylisticconsiderationg&ndthe ideaof non-residentartistswanderingfrom town to townin
Europe thustransmitting newstylistictendencieg2Wanderkinstler®). This conceptwaslater
qualifiedasa?scientificmyth® for individual sculptureg50], evenif it still holdsfor cathedral
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building lodgesLaterandbetterdocumentediographieshow,that,indeed,Flemishartists
in thelate 15" andthe early16™ centurymigratedall overEurope including Spain[51],
England[52] and Germany[53], thusdisseminatinghe Flemishstyleand makingit the inter-
nationalreferenceof thetime. A prominentexampleof amigratingalbeitnot itinerant artistis
the sculptorNicolasGerhaertorn in Leydenaround1420whoinstalledaworkshopin Stras-
bourgbeforel463 andacceptedn 1467an offer of the Emperorand movingto theimperial
residenceof WienerNeustadiwherehediedin 1473[54].

The Masterof the Rimini Altarpiececouldbeconsideredhisan earlierexampleof such
internationalmobility. Yet,the constancyof supplyclearlycontradictsthe hypothesi®f an
itinerant artist[50] introducedat the beginningof the Rimini researchby Swarzenski3] and
Kéite [55] and confirmsthe prevailingtheoryof ageographicallgtable highly specialized
exportworkshop.We maypostulatethatit wasrun by asculptorwho, havingreceivedhis edu-
cationor artisticinspirationin the Flemishspherejnstalledhis workshopin SouthernGer-
many.Like laterNicolasGerhaertin Strasbourd56] andthe numerousFlemishartists
workingin Spain[57,58]in the seconchalfof the 15" century,he might havesoughtto escape
the constraintsof therigid guild systenof townsin the Low Countrieslike Brugeswhich
throttled artisticinnovation[57]. Furthermore asJollystatedor Flemishsculptor'smigration
to earlyRenaissanc&ermany anothermotivation might havebeenthereadilyavailableaw
materialthatwasnon-existentin the Netherlandg453].

A potentialcandidatefor the Rimini workshop'docationis thetown of Nuremberg52km
easfrom theidentified alabastedeposit{Fig 1), wherewe haveevidenceof along-lastingtra-
dition of alabastecarving.In Nurembergup to the endof the 17" centurythis professiorwas
consideredas®freeart?, facilitatingthe accesfor anygiftedartisanwithout requirementof a
masterpiec¢s9], asopposedo 2sworncrafts® thelatterbeingoverseery amastef60]. The
craftsmen'sevoltof 134%hadledto anabolition of the guild systemNuremberg'd_esser
Counciltakingthe entiregovernancef thelocalcraftandtrade[61]. Only in 1698aguild of
alabastermeffAlabasterer®wasfoundedleadingto aculmination of activitytill the 1720s
[59]. Bytheendof the 18" century,this professiorseemso havevirtually vanished59]. The
oldestexplicitmention of analabastecarverin Nurembergdatesrom 1441[62] whenaMar-
tin Guldeinbecameeitizen,provingthat,in the early15" century,specialize@rtistswere
activein theregion.Theyprobablyalreadyreliedon localsupply thuscorroboratingHof-
mann'sstatemenbf along-lastingactivity for the Ickelheimquarries[39]. He mentionsthat
ain the past,frequently40to 50cartload=f suchstones¥rom the Ickelheimvineyardstparted
to the Imperial town of Nurembergameetingplaceof artists®. Theattractivenesef the Impe-
rial City of Nurembergasaleadingcentreof craft productionisindeeddirectly relatedto its
LesseCouncil'spolicy [61]. Fromthe seconchalf of the 14" centuryonwardsit facilitated,
throughastrongreductionof the regulatoryburden,in particularfor the2freearts®including
sculpture theimmigration, settlementndwork of alargenumberof talentedartists[61].

A vastnetworkof commercialrelationsradiatedfrom the postulatechighly productive
SouthGermanproduction centreof alabastesculptureboth to the South,acrosghe Alpsto
Northern Italy, and,eventuallyia Paristo Northern Franceandto other Europearcapitals.
Thisisillustratedby the altarpiece®f Rimini andlsolaBella(formerly in Milano), Saint-
Omerand,potentially thelostensemblef Arras,the altarpiecesf Schwabstedind Schwerte
in Northern Germany aswell asthe crucifixion groupfrom WrocgawfFig 1). The Imperial
City of Nurembergmight havefavouredthe developmenbf sucha network. At the crossroads
betweerCentralandWesternEurope betweerthe Hanseand Northern Italy, thetown
benefitecfrom imperial protectionandfreedomof tradesincethe 12" century[63]. It devel-
opedafarsightedpolicy of freetradeagreementand merchantmobility with all major trade
centresof Europe from Lébeckto Venice,Brugego CracowandWrocgaw63]. Therehave
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beenstrongeconomicandartisticlinks betweerNurembergand Wrocgawfacilitatingdirect
arttradeof Franconianartwork deliveredto Silesig61] evenif the Wrocgavalabastegroup
seemdo havetransitedthroughthe anonymousart marketvia Paris.Suchmodernforms of
theart marketdevelopedincluding art centresn SouthernGermany n parallelto traditional
lineswhereart trading agentdinked workshopgo wealthypatrons[64]. As statedoy Woods
[1] the outstandingquality of the Masterof Rimini's personaproduction metthe demandof
theupperendof the market,similarly to the more or lesscontemporaneoupaintingsof Van
Eyck.Direct commissiongrom high-rankingclientslike the MilaneseBorromeiand, most
likely, the Malatesta®f Rimini [1] could haveprevailedfor the fewconservednasterpieces
whereagheworkshopproduction,including serialproduction of devotionalobjects eventu-
ally alsoby followers would ratherbeintendedfor the openmarket[4]. Thiscouldalso
explainwhy noneof the known masterpiecesf the workshopwereinitially situatedin the
NurembergandevenFranconianregionwhereaseveralesseartworks,mainly Piet sasour
examplesrom Wirzburgand BadMergentheim(Fig 3F and 3G),canbetracedbackto
churchesn SouthernGermany{40, 65].

Our resultsprovideameando betterconstrainthe largeand somewhaproteanRimini ala-
bastercorpusasit is obviouslypossibleo identify unambiguouslyhe preferredmaterialused
by this workshop.Theyshouldalsohelpto geographicalljocusfuture historicalresearchar-
getingsofar unreportedwritten evidenceof the workshop'sactivities.Our studyillustrates
howindependentirchaeometrienethodscanshedanewlight on theart historicaldiscussion
on artistmobility andart traderoutesprior to themid-15" centuryin acontextof still sparse
written sourcen artistidentitiesand andthe morethan patchyrecordsof individual
art tradetransactionsStylisticanalysednevitablysubjectivdo someextent,havebeenthe
main argumentdor geographicallgituatingthe Rimini workshopwith its pan-Europeradi-
ancewith quite contradictoryresults Evenif the materialsciencesannotprovidean ultimate
answetto the enigmaof the Masterof the Rimini Altarpiece weprovidecorroboratingevi-
denceon aterritorial anchoragevithin or astronglink to SouthernGermany thusre-opening
adebateahat otherwiseseemedo havecometo adead-end.
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