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METROLOGICAL RESEARCHINTO IHE FOOT
MEASUREMENT FOUND IN THE CELTIC

OPPJDUMOF MANCHING

Franz ¡mdMary Schubert*

ABsTtzÁcr—Ananusuallyclearground-planofa quadrangularbuildingfrom thefirsísettlementof
tite La Téneoppidumof Manchingofferedan excellentbasefor tite investigationinto titemeasuringanit
utilizedforthelay-outof tite buildings.Observationsshowedogeometricalcord-measaringsystem,based
on theratio of tite lengíh to Ihe widtit of eachrespectiveground-plan.Fromthepositionof thepost-boles
tt wospossibleto calculatethedimensionofafootandtite¡mii or ihemodaltísof themeasaringsytemused
(310mm). A parallel to tisis modulaswasdiscoveredin an importantfindfrom tite ¡972 excavation -an
¡ron rod witit bronzemarkings154.5mmlong, ha lf thelengihof Ihemodulas,titasfixing it moreprecisely
10309mm. Tite origin of tisis anit raisedmonyproblems.sincecomparisonsbetweentheManchingmo-
dalasandtite Greek,RomanondNeorEasternsystemsboyenoíprovedveryfruitfal, battwo recentfinds
thoaghareof importance:asitiplike calticbosinfoundin MontBeuvraywitit a basicmodulasof304.2mm
andtiteground-,planof an Etrascanitousein Bagnolo,givingo basicmodulasof308mm.Soit ispossible
to cometotheconclasionthai altitoagis titeorigin oftheManchingfootmeasurementeannotbeexplained
exoctly,similaranitscanbefoundin tite immediotevicinity ofsomeof titeCelticoppida.

REstJMEN.—Laplanto deun edificio cuadrangulardelprimerpobladodeloppidumde La TéneFi-
nal de Mancitinghapermitido la investigacióndela unidaddemedidoempleada.Las observacionesre-
alizadasmaestranunsistemageométricodemedicionesconcuerda,basadoenla proporciónentrela lon-
gitud y la ancitara decadaplantaconstractiva. Los agujerosde los postespermitencalcular la anidado
módulodelsistemademedidasempleado,basadoen unpiede310mm. Un paralelopara estemódulo se
descubrióen la excavaciónde1972:ana barra demedidasdehierro conmarcasde broncede154.5mm
de longitud, lo mitaddelmódulode Manching,quefija a éstemásexactamenteen309mm. La invesligo-
ción sobreel origen deestaunidadde medidaplanteaproblemas,ya quefaltan trabajossimilaressobre
plantasconstructivasyno hansidofructíferaslas comparacionesconlossistemasempleadosenel man-
do griego, romanoy del PróximoOriente.A pesarde lodo, haydositallazgos recientesimportantes:el
estanquecultual barquiformedeMontBeuvrayconun módulode304.2mmy la planta deunacasaetrus-
ca deBagnolocuyomóduloesde308mm.Por ello, aunqueel origendelmódulodeMancbingno sepue-
deexplicarconexactitud,medidasdepiesimilaresseencuentranenalgunosotrosoppidacéllicos.

KEYWORDS:Ce/ticfoel. Lengis unir Measuremenísystems.Manching.La flne.

PALABRASCLAVE:Pie céltico. Unidad delongitud. Sistemasdemedida.Mancbing.La TOne.

1. INTRODUCTION

The oppidumof Manching(seemap 1 a andb),’ si-
tuatedon the flood-planeof the river Danubein up-
per Bayanaabout70 kms north of Munich,waspro-
bablythecity-like centreof the Celíictribe Vindelici.
The main reasonfor the choiceof this sitewas its po-
sition in relation to two importanttraffic routes:one
com~ngfrom thesouthandcrossingIhe Danubenear
the moderncity of Ingolstadt,and the other- an east-
west communication- usedthe river or took the low

ReproducedfromJ. Collis (1984:No. 1-8, 6-8).

terracesouthof Ihe Danubeandwent night through
the middleof the Celticoppidum.Thesettlementwas
fortified by a 7 kms longrampart- constructedduring
the earlyperiod in the “murus gallicus” technique-

which enclosedan areaof nearly400hectares.Twoga-
les are well known and two otherscanonly be hypot-
heíically located.The excavations.which startedin
1955andcontinueduntil 1987,’brought to light traces

2 Excavationscarriedofis by the Rómisch-GermanischeKommís-
sion desDeutschenArcháologischentnstituts.Pubí.by theRómisch-
GermanischeKommissionin a seriesundertlie title of: Dic Ausgra-
bungenin Manching.W. KrámerandF. Maier(eds.).Vol. 1(1970) -

Vol. 15(1992).

* DeutschesArcháologischeslnstitut, Jesuitenstr.lngolstadt.Alemania.
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of an intensiveCeltic occupationin the centreof the
oppidum,witha high densityoveranareaof about80
hectares,surroundedby a sparselypopulatedstrip of
landa few hundredmetreswide.Only smallareasjust
insidethe rampartappearto haveremainedfree of
buildings (seemapib). Investigationsinto thelay-out
of the oppidumsuggestthatthe settlementwaswell
plannedandorganized,with severaltypesof building
complexessuchas housesfor craftsmenand traders,
small farmsteads,quartersfor a highersocialgroup -

similar to the “nobilites” in CaesaricGaul - and reli-
giousbuildings.Architecturalandmetrologicalinves-
tigationsin theoppidumshowedthatnotonly theplan
of the whoíesettlementwashighly organised,butthat
thelay-out of theground-plansof thevarioustypesof
buildingswasbasedon geometricalrulesandmeasu-
ring units,which indicatedthat a knowledgeand use
of linear measuresbasedon the unit of a Celtic foot
waspresentA

Investigationsinto thereconstructionof thebuilding
remainswithin the oppidumof Manchingraisethe
questionasto the existanceof a fixed measuringunit
usedfor the lay-outof thesebuildings.4No architect
would disregardmeasuringsystemsor proportions
wheninvestigatingthe buildingsof the ancientcivili-
zations,especiallythoseof the Mediterraneanworld.’

Many attemptshavebeenmadein the past to mdi-
cateandinterpretprehistoricmeasuringsystems,’but
strangelyenough,theculturalareaandperiodof time
of theearlyand lateCelticsocieties,which hada very
closerelationshipto the Antiqueworld of the Medi-
terraneancivilisations,were ignored.’

During theinvestigationsof the ground-plansof

‘.The aushorgayea detailedexplanationof tbis researcbin aIec-
tureat theDepartamentodePrehistoria,UniversidadComplutense
Madrid in 1992,titíed“Investigationsinto themeasurementand de-
sign of theground-plansof theCeltic oppidumof Mancbing.These
resultswill bepublishedin Germania(Schubert.1994).

‘First referencein F.Schubert(1983).
‘OuestionsregardingGreekandRomanbuildingmeasurenientsha-

ve beenexaminedrecentlyin two detailedyork,. H.Bankel(1983)pro-
duced newand importantresults.He dealswith previnusinterpreta-
tionsandbuilding designs,asvelí aswith their measurementsystems
andthemeasuringunitson whicb theyarebased.comprehensivelyre-
fering so literatureandancienawritten sources.Secondly.FC. Hecht
(1979)examinestheparticulartolerancelimits of thefoot measuring
unit. Thesetwo worksprovide aneasyaccesslo theolder literature.
RegardingIhe buildingdesigns,compareaswellL. Haselberger(¡980).

R.C.A. Rostíander(1979)triedto completea summaryof me-
trological finds andreferences,including thosefrom prehistoriccul-
tures,buí failed lo raise quessionsregardingmeasurementswithin
theCeltic LaTéneculture.ThemeasuringunitsfromAnciení civili-
sationsarecitedaccordingto the level of researchadvancenieníat
that time; busgenerallyhe failed so critically examineIhe results.
Thoughthework seems,at firsí glance.so give anoveralí view,it 5
unfortunatelynotof muchusefor thefotlowing investigations.Com-
paretheresearchdoneby H. Dannheimer(1985)on lIte posí-hole
ground-plansof the Early Middle Ages and P.Huggins/K.Rod-
weIllW.Rodwell (1983:21ff>.

Dehn (1957: 78-99,esp.94), for bis part, drewaltentionso thc
closeconnectionbetweenHeuneburgclay bricksand¡beGreekclay
brick walls, indicatingin particulartIte correlationbetweentheme-
asurementsof tIte Heuneburgcíay brickswith thoseof Apolloniaand
Gela. Here hewasableto showthat tIte length of tIte Heuneburg
brickshadsimilar measurementsto thosewhichVitruv cited for the
Greekbricks: tbeTetradoronmeasuring4 palmaeandthePentado-
ron measuring5 palmae.

Manchingit becamevery noticeablethat apartfrom a
fewexceptions,thepost-holerowsof thewalls,on meel-
ing at thecorners,formedan exactright angle.There-
fore it canbe assumedthaI the right anglemusthave
beencarefully constructed,probablywith the help of
the so-called Pythagoreantriangle using the three
lengths - 3, 4 and5 (ancientBabylonianandEgyptian
sourcesseemlo point to a muchearlierknowledgeof
this triangle).Accordingto the foregoingexplanation,
it is now possibleto imaginea processin which acord
with the length of 12 (3+4+5)is markedwith knotsat
the correspondingdistancesbetween3,4 and 5, which
would allow a right angleto be markedout easily,and
it canbeassumedthat the singleintervalsweredivided
míofeet.Rut therewouldbe no evidencewhateverfor
suchan assumption,if the proportionsof the ground-
plansidesthemselvesdidn’t suggestIhe useof the Py-
thagoreannumericalcombination.On examiningthe
measumemenísof the Manchingrectangularground-
plans,it canbe surprisinglyestablishedthaI Ihe ratio
of Ihe short side to the long side alwaysamountsto a
multiplication in feetof the basicnumbers3 and4. In
asimilarway the accompanyingdiagonalsshowamuí-
tiplication in feetof thebasicnumber5.

The constructionof a right-angledtriangleaccor-
ding to Pythagorashowever,is not the only geome-
trical form represented.A secondsolution basedon
thefact that eachandeverycircumferenceof a circ-
le canbe divided six timesby its radius,showsthat a
rectanglecannow be formedwhen two pairsof the
opposingpointson the circularperipheryof the cre-
atedhexagonare joined. But for further implemen-
tationof this method,it is of importancethat the short
side of this rectanglealwayshasthe sanelength as
theradius,andits diagonaltwicethelengthof the ra-
dius.Exactlythis observationthat the hexagondrawn
within the circumferenceof a circle, can be divided
into six equilateraltriangles,the sidesof which cor-
respondto Ihe radius,allowsfor anothervariationof
thisgraphicalsolution for theconstructionof theaboye
describedrectangle.Taking anyequilateraltriangle
(with the basex) andits mirror image,it is possibíe
todrawa rectanglewhich issimilar to thatdrawnwit-
hin Ihe circle divided into six parts (seefootnote3).

Apart from theprevioushexagonalconstructions
mentioned,thereis a third variation which wasal-
so used.althoughit only leadsto an approximateso-
lution. Proceedingfrom the aboyementionedrectan-
gle drawnwithin a circle,in which Useratio of theshort
sideto the diagonalis 1:2; now give the shortside the
valueof 4, which consequentlyresultsin the diagonal
havinga valueof 8. Furthercalculationsshowthat Ihe
longside of the rectanglehasa valueof 6.928,which
canbetakenas7. Thismeansthat the rectangle,den-
vedfrom the compassconstructioncanalso be drawn
from a trianglewith fulí numberswhich is similar to
thePythagoreantriangle.Theacceptancethatthe rec-
tangularground-plansin Iheir basicform are actually
aresult of thenumerical4-7-8constructionandnotof
theconstructionsbasedon thecircularincision nor on
the equilateraltriangles,canbe supportedby the ob-
servationthatthe foot measurementsof theseground-
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Map t.—DistributionofLa TOneoppida (a) andpianofihe ManchingOppidum(b).

plansmostly representa multiple of tite combination
of the figures4-7-8(seefootnote3).

Ah theground-planswhich havebeeninvestigated
up to now in Manchingcanbetracedbackto the basic
formsof: Pattern1, fixed in its proportionto the Py-
thagoreantriangularwith thesideratioof 3:4, andPat-
tern II which isbasedon a rectanglewithin a circle,and
dependingontheconstruction,with a sideratioof 1:43
or 4:7. The basicrectangleswith tite ratio 3:4and 4:7
canbe connectedin manydifferentwayssoasto form
largermorecomplicatedgroundplans.

Thestartingpoint for tite investigations,reflections,
and resultsput forward here is tite unusuallyclear
ground-planof an almostquadraticbuilding basedon
six posts,which belongsto tite first settlementperiod
of tite oppidumof Manching(Fig.1).’ Titis structure,
possibly a storehouseof tower-like form, appearsto
havebeenerectedonsix stilts.AII the post-bolesof tite
ground-planof titis building showa noticeableunifor-
mity, theytendto haveeither quadraticor rectangular
contourandaresitallow, nothavingbeendugverydeeply
intothesubvirginsoil.Tite standingpositionof tite wo-
oden four-corneredpostsareclearly markedat the
groundlevel in the large postholes,andthis enables
thedistancebetweenthe woodenpoststo be measu-
redexactly.Theprecisionof thesemeasurementsis ex-
tremelyhigh. Thesecondcharacteristicof Uds building
hasmadeit possibleto recognizethemeasurementson
whicit theground-planwasbased,andto calculatethe
unit or modulusof Useusedmeasuringsystem.Titecross
sectionof tite woodenpostsis verysimilarandclearly
larger titan tite definedmeasuringunit, which makes
it casierto discoverwitetiter the measurementwasset
to meetthe middle, tite externálor tite internal edge
of thewoodenposts.Observationsitavesitown titattite
cord-measuringsystemwastheprincipalandmostim-
portantbasisfor the ground-plandesignand that tite
settingof tite postsfollowed morea practicalusage
titan strict theoreticalrules(seefootnote3).

As already mentionedtite cord measuringsystem
observedwhileworking on tite Manchingground-plans
follows fixed geometricrules.The ratio of the length
to tite width (for example3:4or 4:7) within tite system
showswhich geometricpatternwas usedfor eacitres-
pectiveground-plan.The analysisof theground-plan
designof Manchingformsthebasisforcalculatingtite
modulus(tite actualanalysisitself will bedealtwith la-
ter)) Proceedingfrom this analysis,it canbeseenthat
tite cordmeasuringsystemof tite ground-planof the
previouslymentionedstoreitouseis madeup of two
recíangles,eacit itaving a width to lengtit ratio of 4:7.
Theserectanglesarejoined lengtitwaysthusgiving an
entirewidtit lo length ratio of 8:7 (Fig.1 and 2). One
recíangletakenon its own,formsabasicelementused
for tite constructionof tite ground-plansin Manciting.
Titis rectanglewas originally derivedfrom the circie
constructionpreviouslyexplained,basedon the exact
ratio of 1:43.But tite rectanglecanbe formedin amo-
re simplewayby usingtwo triangleseacitwith tite nu-
mericalseriesof 4,7, and8 (Fig. 2). Titis seemsto ita-
ve beenthe most usualmethod usedin Manching.
Titesetriangles,unlike tite Pytitagoreantriarigle,dont
producean exactright angle,butsitow a deviationof
W from their nominalmeasurement.Titis difference
causesa little distortionof thebasicrectanglegiving it
a slight trapezeform. Eut witen a symmetricalreflec-
tion of this trapezeis drawn,by usingthe sitorterside
of tite rectangleas a basis,this deviationcanbeco-
rrectedgiving the aboyementionedform of two rec-
tanglesjoined lengthwayswith tite ratioof 8:7andcon-
tainingexactright angles(Fig. 2).

Returningto Ihestoreitouseground-plan,it canbe
seenthat tite distancefrom post1 topost3 (measured
from tite middleof bothposts)is 6.53m (Fig. 1).”’ Tite
lengtit of tite moduluscanbecalculatedby dividing tite

~Seefootnote3.
a Posí-Itole1=636/1 in the ezcavalionplan;Post-boje3=636165in

tIte excavationplan. Neithertheexternal(6.92 ni) nortIte internal
(6.14m) measurementtake,, betweenpost 1 andpost3 is of impor-
lanceso Ibis research.

a b

‘Manchingexcavation1972. SectionNo. 636.
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6

Fig. 1.—Ground-planof lhesixpostbuildingoftite ManchingOppidumfrom,vhichtherneasuringunu is derived.

aboyemeasurement6.53 m by tite number7 or a muí-
tiple of 7. Tite length of a modulusin tite dimensionof
afoot canbereachedby assumingfor the distanceof A
<6.53 m) a divisor of 21 (titat means7 times tite factor
3), witicit givesa lengtit of 0.31 m for tite modulus.Tite
lengthof IheotitersideB (Fig. 1) which iscomposedof
2 parts in tite drawing,giveswhenmeasureda distance

of 7.46m.” Tite ratio 7.46mtotite aboye6.53mreflects
exactlytite ratio 8:7. Likewise,if tite distanceof 7.46m

Post-Itole4636/4in sheexcavationplan: Posí-hole6=631/3in -

she excavationplan.The externalandIheinternalmeasuremcntsbes-
weenthesctwo posts(7.62m and6.88 ni respectively)areonly being
notedhere.Neitherihesemeasurementsnor thosementionedin
footnote lO wereusedasa basisfor tIte ground-plan.

a
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is divided by 24 (thai means8 timestite factor3) ame-
asurementof 0.31m is reachedbr tite lengthof tite mo-
dulus.Thepreciselydeíerminedmeasuringunizof 0.31
m discoveredin tite aboyeruentionedground-plan,is
alsofound in otherbuildings in Manchingwith varia-
Nc.grousid-plandesigns.”Titis attempítoderivelites-
ze of tite modulusdirectly from tite clearlydefinedme-
asurementsof Ihe ground-plansis similar to tite way
pursuedby tite arcititectsof the antiqueGreekasidRo-
man buildings.” Although tite síaríingpoiní for such
metrologicalinvestigatiofisof tite antiquestonebuil-
dings is fundameníallybelter titan thai offeredby
prehistoricground-plans,tite resu]tsjo tite formerare
not as clearas onewould expectthem Lo be,asdiffe-
resit moduluslengthshaveolten beensuggestedfor the
samebtsildingdespiteits clearly identifiablemeasuring
poi nts.However,morecritical investigationsof ami-
questonebuildings itave recent(yshownon the one
itasid tite problemswhicbcan arise‘when tryirig to ex-
trací a measuringunit from tite ground-p)ans,ami on
tite otiterhavemadevery clear,how important it is fo
takeinto accountotiter metrologicalresearcissources.
Titereforeit canbe íaken lo bea grealstrokeof luck,
that tite foot unit derived(rom lite investigationsof tite
ground-planmeasuremenislii Manehingcanbedeter-
mmcd in a completelydifferent waythroughtite sup-
pon of an original iron measuringmd.

During tite excavationof 1972,aniron rod with mar-
kings in bronzewasdiscoveredirj tite centralpart of
tite oppidum,’4tite importanceof which remnainedunk-
nown br a long time asdiere was no analogyto it
anywhere.Tite useof ibis finó wasat first unclear,but
dueto its form andto tite bronzemarkingsfeusidvn
it, tite suspicionwas raisedthai it rnay bea tneasuring
rod. After this assumptienliad beenconfirmed,tite
existanceof an established309 mmtorA measuremení
for Manciting could be conciuded,completelymdc-
pendentof the leadingevidencederivedfromtite buil-
ding measurements.Tite find wasveryrusty, andde-
tausweredifficuit to recognize;tite resullingdepicted
form (Fig. 3a-b).wasonly possibleahertite find itad
beenfully restored,”Titebasicform cotisistsof a round
iron rod witit a constantdiameterof 6.5 mm. Tite re-
cognizablemetal coreseenby X-ray is more siender
andmeasures5.5mm. Onecsutof tite redis cut straight
andthe otiter endcarnesa italf-spiterical head,with a
diameterof 1 lmm,sharplyset off againstlite cylisidri-
calsitaft. Tite basicareaof Che calotlaUs slightly in a
conicalform to titeshaft.Tite total lengthincludíngtite
iteadis 162 mm.

‘Fbi-ceverycarefullyworkedsmallbronzeringsonly
1.8 mmwide, witit a rounded-offquadraticcross-sec-
tion, werefound on tite sbaft.Tite ringswereopente

“Seefootnote3.Aiso 1’. Schubert(1992:302).
Compareto fooínoíe5.
InventorvNo 1974/2391,found in secticsn769, pu c2. Isis re-

nsazkablesitasin pit c3. as weli as;h tite neighbouninghumus ayer,
brakerpiecesof twabronzebeatasfrom a gold scalesvereSound.

“1 would like so sake tite oppor¡uniíyhcre, of ¡hankingrite Ra-
n,isch-GerwanischesZení,almuseun,Mairtz (oc ¡he completionof
lite X-ray pbotographsanO rcsbora¡ionofsitenieasuringrod, amies-
pecially tite directorDr. U. Schaa(t(or willingly taking on thc york.

Fg. 2.—Geo,nesricalconssrucsionoftheground-plonloyo¡¡¡.

a widíh of LS mm al onesectionwirit eachof the op-
pesingends formedso aste give an overlappingcon-
nection.Titeseopeaingswerepossiblyduetotite fact
thai tite ringswerewrenchedopenatalaterdatedue
to tite strongcorrosionof tite red. Probablytitis is al-
sotite reasonfor tite presentoval forsnof titerings,lite
otilen diameterof two of tite rings viajes between
7.7mm ami 8.2mm, atid thatof enebetween7.2mm and
8.2 ¡orn. It tite rings wereclesedin titeir probableorí-
ginal sitape,tite resulí would give ño exacícircular
fono.Despitetite damagetarricOoutby the corrosion
and a slight curvatxneof tite sitaft verycareful metal
working cansliJJ be recognized,especiallylo Ihe pro-
ductivaof Che bronzerings. Titis tendste suggestthai
tite rod wassornekisid of isistrumení,tite useof whicit
requiredvery highprecisionanOexactitude.Takingle-
getiterChe delicatenessof tite rings in connectionwiCh
tite selidiseo shaft,it is hardly possibleto explain its
funclion as anytiting etitertitan for marking,and titis
raisesa verystrongsuspicionthaitite find isa mean>-
ring red.Tite lengthof tite cylindricalpartof tite sitaft
as farastite peint wherethe headbeginsis 154.5mm
(Fig. 3b-c), andIbis is pTacticallyhalf tite lengthof tite
modulusof 310 mm determinedby tite building aiea-
suren-jenís.Baseden tite measuringrod tite length of
which is 1/2 foot (or 154.5mm), tite meduluscannow
be detertninedmoreexactly[o 309mm, thai is deuble
tite Iengthof tite measuringrod.Tite word “feet’ will
be usedfrom new ente indicatetitis modulus.

At lite beginningtiterewasgrea!difficulíy in mIer-
pnetingChe sectionmarkedby rite threebronzenings.
Tite diflerení intervaisbetweenítem aswell astiteir
number.leadenete suspecítitat tite unequaldivisions
wereactsally pre-fixed.Tite distantemeasuredfroto
tite froríl cOge of tite secondring (E) te tite head
amounís1056.4(56.7mm, asidtitat from tite furtiter ed-
ge of the samering to tite beadgives a distanceof
58.2/58.9mm (Fig. 3). Tite respectiveminimal undma-

7

Propotional ‘oflie longui Of A jo ng.



232 FRANZ AND MARY SCHIIBERT 

a 

(measwing length) 

1 
Daktylos 
1110 foot 

2 
Daktyloi 
118 foot 

h 
v 

3 
Daktyloi 

3/16 foot 

h 

ll8 fan 

h 
v ‘\ 

I 
0 

I 
-4 

1 

I 
I 
2 

l 
I 
3 

I I 
4 

I 
t 
5 

I 
i 
6 

I 
I 
7 

1 d 
a 

Fig. J.-The Manching measuring rod, half a foot long. 1. X-ray image. 2. a) and b) Drawing of the original after restoration; c) and d) 
Explanation of the divisions based on a foot divided into sixteen daktyloi (digiti).-Scale 1.9. 
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ximal distancesresultingfrom tite ring beingsetsligittly
síantedenthe roundred.Titemeanvalueof titesedis-
lancescorrespendsexactlyte 3/16 of tite established
foel of 309 mm, titus giving a calculationof 57.9 mm
(Fig. 3c). In cemparisente tite secondring, tite pesi-
tion of tite first ring (A) was totally inexplicable,nel-
ther tite distancete tite itead (23.0 mm or ratiter
24.8mm) norte thesecendring gayeameaningfulpro-
portion.Titerefereit isepente suspiciontitat this ring
wasnet in its original positienwiten tite ebjectwas
feund,andtite facttitat tite rings wereopen,substan-
tiatestitis suspicien.On closerexaminatienof tite sitafí,
a slight hollew impressionbecemesapparentabouta
distanceof 19 mmfremtite head,and it is veryproba-
ble that this canbe consideredasbeingtite original po-
sitienof thering. Assumingthat titis is tite original po-
sitien of tite ring, tite distanceof 19 mm (or ratiter
19.3 mm) is exactly1/16of tite establishedfoot. It can
also be acceptedthat tite position of tite third sligittly
síantedring (C), feundat distancesof 108.5/109.5mm
and110.5/111.2mmfrom tite itead(Fig. 3b-c),is not in
its original position.Evidencefer an earlierposition
fer tisis ring is not recegnizable,as tite X-ray picture
sitewsstrengcorresionin titis areawitich itascaused
possiblemarksof tite original position of tite ring te
vanisit.Acceptingsucita movementof tite ring andas-
sumingtitattite feetis dividedinto 16 parts- astite po-
sitien of tite rings suggest- titen tite 6/16 (3/8) ratio
would comeintequestion,andtitis would give the orI-
ginal position of ring (C) as being115.9mm frem tite
itead(Fig. 3b-c).Titis suggestedpositienlies, unfortu-
nately,in tite areaof tite iteaviestcorresion,but it can
be suppertedin titat tite movementsuggestedis sImI-
lar te titat of ring (A>. On closerexaminationit canbe
seentitat tite two divisions - 1/16 and3/16 - aswell as
tite hypetiteticalthird division of 6/16 (or ratiter3/8)
of tite witele foot, in otiter werds,alí tite importantin-
tervaisof a foot divided into 16 partscanbe readen
titis measuringred. A sketcit may clarify tite number
of tite resultingratios (Fig 3d).

It mustbeacceptedtitat tite useof suchameasuring
redwith its representedintervalswasbotit convenient
andpracticalin antiquity. Titis weuld tendto raisetite
questionaste witetiter this redwasoriginally marked
out with singledigits (or daktyloi), eacitwitit its ac-
companyingring, tite ringsbeing lost witile in usede-
ring antiquetimes.However,titis interestingquestion
witicit cannetbe answeredwitit certainty,is really in-
significant for tite result of tite metrologicalresearcit
carriedout itere. A metrologicalsystemitasbeencal-
culatedfrom tite total length of tite foot unit witit its
sixteendivisions andset out in tabularferm (‘Fab. 1).
Witile doing titis a limit of tolerance between
309/310mm wastakeninto censideration,as itappens
in extremecasesbetweentite unitscalculatedfromtite
buildingsandtitosefrom tite measuringred.Titus the
actualmeasuringredandtite resultingmetrelogicalin-
vestigationcarriedout,netonly confirm theexistence
anduseof a developedfoot measurementfor tite buil-
dingremainsof theoppidumof Manciting(andwitit it
for tite LateLa TéneCeltic civilizatien), butalso tes-
tify te tite accuracyof tite establishedlengtit. Tite sligitt

TABLE 1
Division of 11w foot ¡o sixteendaktyloi or digiti

ant! their respectivevalues¡o millimetres

Daktyloi
Digiíi

Fractions
ofa foot

Length
of tite rnodulus

309 (a)

Length
of ¡hemodulas

310mm (it)

1 1/16 19.31 19.38
2 1/8 38.63 38.75
3 3/16 57.94 58.13
4 1/4 77.25 77.50
5 5/16 96.56 96.88
6 3/8 115.88 116.25
7 7/16 135.19 135.63
8 1/2 154.50 155.00
9 9/16 173.81 174.38

10 5&8 193.13 193.75
11 11/16 212.44 213.13
12 3/4 23L75 232.50
13 13/16 251.06 25L88
14 7/8 270.38 271.25
15 15/16 289.69 290.63
16 1 309.00 31000

(a) Lengthof sise measuringred(309 mm).
(b) Lengsbof the feodunU derivedfrom thebuilding me-

asurements(310mm).

differenceof lmm betweentite sizeof the modulusof
tite building measuremeníand tite lengtit of tite mea-
suring rod is practicallywithout significance.

Newtitat theMancitingfoot modulusitasbeenade-
quatelyprevedte be310 mmor ratiterfixed merepre-
cisely te 309 mmwitit tite helpof tite discoveredmea-
suring red, tise questioncanbe raisedas te tite origin
of theusedmeasuringunit. Comparableinvestigations
of ground-plansin preitistoric Europe,as well asana-
legieslo themeasuringredareabsentat present,soa
glancecanbe directedtewardstite metrologyof tite
Greek,RomanandNearEasternworld. It would ito-
wever,be irresponsiblete uncritically selectappre-
priatefeot Iengtits as a comparison,from tite abun-
danceof metrologicalliteratureandinformationabout
measurementsfoundin titesearcas.In hisexamination
of tite “Feol measurementsof titeAttic Buildings’ H.
Bankelpointedeut,’6itew unreliableit canbe,evenin
the Greekmotitercountry, te determineand te name
measuringunits.As a result of itis researcit,he sug-
gestedtitat two foel unitswereusedfor tite Attic buil-
dings, tite Ionic foel measuring293/295mm andtite
Doric feotmeasuring325/327mm.’7

The existanceof an Ionic foot hasbeencenfirmed
by L. Haselbergerin Dydyma,wite fixed it morepre-
ciselyte296.4+-0.4mm.’t In tite samewayasDñrpfeld,
Eankelusedtite building measurementsof Erecit-
titeion lo calculatetite Doric feet, and in deingso he
fixed this foot unit morepreciselyte 326.74mm.’9 But
accordingteR.C.A. Rottlánder,titis measurementput

‘Bankel (1983:92ff.) (seefootnote5.).
7 Bankel(1983:93ff.).
‘Haselberger(1980:211).
‘ Bankel (1983:89).
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ferwardby Bankel is unrealistic,andhesuggestsms-
tead,afoot unit measuring333.19mm, witicit isthe re-
sulí of his statisticallycalculatedmeasurementsof tite
samebuilding.Healsocomparestitis foel of 333.19mm
tetite so-calledCretan-Aeginetian-feetof 333 mmput
ferward originallyby Dórpfeld fer the pre-Selenicpe-
riod.”

In iter compreitensiveresearciten measuringsys-
tems,E. Pfeifferwentinte greatdetail te examineIhe
backg?oundorigins of ancientmeasuringsystems.She
camete the conclusions,firstly titat a measurernení
witich shecalled tite ‘Egyptian-Greek-Remanpeus
wasembeddedin a largemetrelogicalsystemandhad,
baseden aunu of 370.66mm (pygen),an initial value
of 296.853mm” a measurementwhich is nearly ¡den-
tical tetitat of Haselberger’sIonic foot of 296.4+4mm.
Secendlysite showed that a foet unit measuring
333.96mm whichsitecalístite ‘Babylonian-Tungrian-
Druisanic’ foot did notdevelepfrom tite aboyeinitial
unitof 370.66mm (pygon),butfrom acosmegraphical
unitoriginally usedin BabyloniaYSite alsementioned
titat titis unit of 333.96 mmwas known in Egypt, and
possiblyusedIherein titat a lengtit of 333.96mm was
foundclearlymarkedenan Egyptianmeasuringred.”
Yet anetherfoot unit calledby F. Hultscit tite Olym-
pian feel with a measuremeníof 321 mm’~
(320.601mm)” wasdisceveredal Olympia,buíneither
titis unit nor titesementionedaboyecoincidewith tite
Manciting feot.

In comparison,the foot frem F. Hultsch,giventite
name“Attic-Solonic feot,” weuld agreewith thaI
fromManciting,but it isnotreliable.Hultschassumed
titat tite Solonicreform broughttite Attic measuring
lengthinto relatienshipwith tite newlycreatedmetro-
logical capacityandweight system- thusgiving a cío-
sedAttic metrologicalsyslem.He camete ihe conclu-
sien íitat Ihe value of the original foot ameunted
probablyte 308.8mm, but Hultsch’sassumptienand
tite resultingcalculationsprevedverydeubíful.”

Tite length of an Attic foot of 310.4 mm, calculated
by R.C.A. Retthinderfrom a metrologicalexamina-
lien of red-figuredAttic petteryof the fiflh century
B.C. is near te Hultscit’s “Attic Foot’ and tite size
foundin Manching.Buí itis resulíscanonly be loeked
upenasanaveragestatisticalvaluetakenfrom diver-
gentfeotsiseasuremenís,rathertitananactualmeasu-
ring unit” It is still moretemptingte takeascompari-

“Rostítinder(1991: 145ff.).
21 Pfeiffer (1986:62ff).
“Pleiffer (1986:531ff.).
“Pfeiffer (1986:534).
»HultscIt (1882;Repriní 1971: 530).

Pleifler (1986:401,459ff.) calculatestwo measurementsfor tIte
“Olympic foot, titas of 320.601 mm wItich is taken ¡ron, sIte given
measurementof 192.36m for the“RennbaItn’ in Olympia.

»F.1-lullsch(1882;Reprint 1971:69ff)SeealsoF.Schubert(1992).
“Comprehensivelyexplainedin Bankel(1983:97. 82ff. andfoní-

note148)(seefootnote5). SeealsoFC.Kraft (1959/60:27,30and82ff.)
Seealsol-Iultscit (1882;Reprint 197!:66ff., esp.68).

Rottlánder(1979: 74, no. 7.2.2/6).Uponcloseresanjinationof
tite ‘astisciterFuB’ establisItedas310.4 mo, by Rottlánderasapos-
sible coniparisonto tbeManchingfoot,oneobservationis of impor-
tance:Theanalysisandevaluationofthemeasurementwbich tite aut-
Itor carriedouíonprovincial Romanpotteryproduceda constantva

sonan antiquemeasuringlengtit in witicit tite measu-
remeníof tite foelcerrespondsexactlytetite Manciting
unit, andas well as titat, tite existenceof witich seems
tebe beyondah criticism - tite so-called“small ¡‘tele-
maicfoot” with a length of 308.33-309.22mmY In itis
writings“De cenditienibusagrerum”,”the Reman
agrimensorer field measurerHyginus reponed,titat
theestatesin tite previnceof Kyrene,whicit Plolema-
cusApion 96 B.C. gayetetite Remanpeople,weredi-
vided mío Centurians,baseden a squareareacalled
“plintitis”, thesidesof whicit being eneasile longor
1.85/1.855kms, witicit correspendste 1250Remaniu-
gera.From titesefield measuremenís,he calculateda
“smahl Ptolemaicfeol” whicit measured1 1/24 times
tite length of a Remanfeol. In a brilliant train of
titougitt, A. Oxé” expeundedthat the aboyementio-
nedsquaremile wasbaseden tite unu calculatedby
EratostitenesandthaI Hyginus’ efferts te use titis cal-
culatiente supperthis “small Ptolemaicfeot” is unre-
alistic. He mentionstitat tite measuremeníssuggested
by Hyginusare veryunreliable,asaretite calculations
ite usedfer furtiter explanationste extracíthe original
groundmeasuringunit, tite so-called“small Ptelemaic
foel’ of 308.33mm, from tite lengtit of tite Acre and
lite Centurianmeasuredby itim, andtitat in reality titis
foel neverexisted.Pfeifferhasshewnin detailtitat tite
Ptolemaicfeol <25/24 peus 309.222mm)” wasn’t a
primary feetmeasuremenílike tite Egyptian-Greek-
Remanpeusof 296.853mm, but wasderivedfrom a
field measurementbasedentite pygon (371.066mm).”
ThePtelemaicfeet is the unit witicit originaleswiten
a redwitit a side measurementof 10 pygen is divided
by twelve (10 x 371.066mm: 12 = 309.222 mm)” Titis
result confirms partly tite assumptiensof Oxé, but
doesn’tleaveany deubíaste tite real exislanceof titis
feetunit. With regardte tite foel measuremeníof 309
mm determinedin Manching,it cannew besuggested
titat titecerrespendencebetweenit andtite Ptolemaic
foot (25/24 foot) is net pure coincidence,but thaI
tite Manciting feot unit, like tite aboye mentioned
peus/feotmust itavebeentakenfrem an ancieníme-
trelegicalsystem.

In view of tite fact thaI lite squarered, with a side
length of 10 pygon, is a very oíd basicunil of ground
measuremení,tite questioncannew be raisedas te
witat extentIhis red fermstse basisfer tite Gaulish

loe of 296 mm br tIte Romanfoot. This agreesstrikingly witIt Ihe
lengthof 295.7 mm mentionedin thecurrení literature. Compare
Hecht (1979: 108). la comparison,similar measuremenísmadeby
Rotílánderon red-figuredAttic potteryof tite fifth eentury. gaye an

averagevalue of3IO.
4 mm.TItis showsno simitarityeithertotheIengtIt

of sheIonic foot, tite Creían-Aeginetianfoot nortIte Doric Ioot.
ConcerningRostlándersAttic foot comparePfeiffer(1986:554).

“Hultsch (1882;Repriní 1971:70)calculatedtIte smalíPtolemaic
¡onU (308.2mm) from the Romanfoot, whictsbe assumedtobe
295.7mm. - CF.Lebmann-Haupt(RESer.11. Ed.6. p.I934u. p.t949)
took lite Romanfoot so be 297 mm andarrived at a slightíy larger
value for tIte Ptolemaictoot - that of 309.4 mm. - wbereasPfeiffer
(1986:136,457ff.)calculatesanoriginal Iengthof309.222mm.

F. Blume/K. Lachmann/A.Rudorff (eds.)(1967: 122).
A. Oxé (1926:235ff.).

32 Pfeiffer (1986: 457ff.).
“Pfeiffer (1986: 432ff.,454).

Pfeiffer (1986: 136ff.).
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groundmeasurernentswitich havebeenhandeddownun-
dertite namesof libra,parallela,candetumandarapen-
nis. l3ut it is netpossiUeteanswertitis questionitere.”

A newfind from tite eppidumof Bibractewiticit has
areusedaltenlionin anentirelydifferentspitereseems
te uste bemuch mereimportantfor tite discussienof
the Celticfeol nseasurement.In tite year 1987,M. Al-
magro-Gorbeacameacrossa sitiplike cultic basin ca-
refully built of rectangularsíeneblecks.’~Fromthe ra-
tio length te widtit, baseden a circularlay-out,a feot
of 304,2mmcould be determinedas tite basicmeasu-
rement.Althoughthesituatienof tite basincancelbe
datedexactly, it seemedte belengte a late pitaseof
tite buildingof tite eppidum,titat meanstite lastcen-
tury B.C. Eventiteugistitere isa cleardifferencebet-
weentite lenglit of tite Manciting foot unit of 309 mm
and titat of titebel measurementel 304.2mm found
inBibracte,it is possiblete assumelitat the lattermea-
surementbelengste tite lower section,and tite Man-
ching unit to tite upperpafí of tite variatienscaleof
tite se-calledPtolemaicfeol.” Unfertunatelymetrolo-
gical invesligationsenMonI Beuvray,witicit weuldgi-
ve someinformationabeultite building measurements
of theotiterwell-known ground-plansfoundtheredu-
ring tite lastcentury,are absentat presení.

Anotiter greusid-planbogadin anentirelydifferent
culturalandgeograpiticalafeaiswortit mentiening.In
tite recentlydiscoveredEtruscancity of BagnoloS. Vi-
to (Lot. Forcelle)net far frem Mantua,in tite plains
of Mincie, tite posí-iteleground-planof aheusewas
excavatedandexactly measuredby R. de Marinis?’
Using Ihe cord measuringsystemestablisitedby the
Mancitingbuildingsasa basis,tite lengthof a foel tite-
re wasascertainedte be308 mm, practically identical
with tite Manchingfoel measurement.

1Iultsch(1882;Repriní 1971: 692f.).
M. Almagro-Gorbea(1988,38ff.);M. Almagro-Gorbea1 iGran-

AymericIt (1988);M. Almagro-Gorbea/i.Gran-Aymerich(1991).At
this point, 1 would especiallylike to tItank M. Almagro-Gorbeafor
inforrnationregardingIhe resulísof his excavalionandbr aliowing
meto usehisplans.

RegardingtIte questionof tIte variation of foot measurements
comparePfeiffer (1986:454ff.).

14. deMarinis (1986:140 ff., esp.168 (Fig)).

Theaboyeresultspointclearly te tite factthaI in tite
immediatevicinity of tite Celtic oppida, foet measu-
Ternentswhichresembletite establishedManchingfeot
seemte itavebeenin existente,and in all probability
werecennectedwith tite measuringsysíemof tite Pto-
lemaicfoot of 25/24 peus.

CONCLUSIONS

Fremtite feregoinginformation,it itasbeenshown
that invesíigationsinto tite existenteanduseof a feol
measuremeníwititin a Celtic oppidum during tite
LateLa T¿neperied, liad te be restrictedte deriving
Ihe modulus lengtit from tite building remains,sup-
portedby an unique find in tite form of an original
iron measuringred. ‘Flie deductienstaken frem tite
Manchingand Gallic Bibracteresearchresulís,new
makeit pessiblete cometoIhe cenclusientitat exact
linear measurements,baseden tite unit of a feotwe-
re kísown and usedfor Ihe lay-out of tite buildings.
Theprecisedivision of the Manciting foel míosixteen
parí digiti or daktyloi tendste suggestthai tite useof
standardmeasuremeníswefe also usedin eliter are-
asof life, suchasin craftsmansitipandtrade.In view
of tite absenceof comparablefinds in titeCeltic spite-
re,’9 ceupledwith an abundanteof eftencontradic-
tery studiesen ancientmetrelegy,tite generalques-
tion of tite origin of tite Celtic foel unit and its
connectiente otiter ancienímetrologicalsystems
could enly be teucheden itere.HeweveT, ib we bave
managedle raisetite discussionabeuttite Cellic unit
of lengtit te a new level of interesí,we feel we itave
reachedeurgeal.

A recentlypubl¡sItcdarticleby M. Feugére(1992.133 witIt fo-
otnote29 andFig. 72; 150,29),on anolcItedbronzerod datedto tite
middteof tite first centurylIC. whicti R. Gebhardwas kind enough
to point out tome, mensures148mn1- tItat is exactly Itatf tIte length
of a Romanfool. Titevarying Iengthsof tite intervalsbetweentite six
Itamn,ered-indoubíenotches,wIticb Feugéreinterpretsa,being
partly divided mío haíf pollices of a Ivelvepartdivision,andpartly
as digiti of asixteenpan division of a foot, don’tseco,So suggesta
measoringsrnii, it, thai tite Ie,3gthof tite givenpottex(digittismode-
lus doesníwork ouí for tIte whole length of tIte rod. Tite one-sided
pointedempitasisof tIte rod and itscurvedendsuggestratIter tItat its
funclion may havebeentitat of a writing utensil,witIt tite doublenol-
cItesbeingpurelyornamental.
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