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ABSTRACTABSTRACTABSTRACT 

MHssbauerMHssbauerMHssbauer spectroscopyspectroscopyspectroscopy andandand X-rayX-rayX-ray powderpowderpowder 
diffractiondiffractiondiffraction havehavehave beenbeenbeen usedusedused tototo identifyidentifyidentify 
ironironiron compoundscompoundscompounds ininin pre-Columbianpre-Columbianpre-Columbian pigments,pigments,pigments, 
probablyprobablyprobably usedusedused forforfor artartart decorating,collecteddecorating,collecteddecorating,collected 
fromfromfrom thethethe oldestoldestoldest archaeologicalarchaeologicalarchaeological sitesitesite ofofof 
EarlyEarlyEarly ManManMan presentlypresentlypresently knownknownknown ininin AmericaAmericaAmerica atatat 
SaoSaoSao RaimundoRaimundoRaimundo Nonato,Nonato,Nonato, ininin NortheasternNortheasternNortheastern 
Brazil.Brazil.Brazil. TheTheThe ironironiron compoundscompoundscompounds werewerewere idenfiedidenfiedidenfied asasas 
beeingbeeingbeeing alpha-Fe203alpha-Fe203alpha-Fe203 (haematite)(haematite)(haematite) withwithwith fullfullfull 
MorinMorinMorin transitiontransitiontransition supressedsupressedsupressed andandand smallsmallsmall 
particlesparticlesparticles ofofof alpha-FeOOHalpha-FeOOHalpha-FeOOH (goethite).(goethite).(goethite). 

1.1.1. INTRODUCTIONINTRODUCTIONINTRODUCTION 

SaoSaoSao RaimundoRaimundoRaimundo Nonato,Nonato,Nonato, Piaui,Piaui,Piaui, ininin thethethe NortheastNortheastNortheast ofofof 

Brazil,Brazil,Brazil, isisis famousfamousfamous dueduedue tototo thethethe richnessrichnessrichness ofofof pre-Columbianpre-Columbianpre-Columbian 

rupestralrupestralrupestral art,art,art, decoratingdecoratingdecorating itsitsits numerousnumerousnumerous rockshelters.rockshelters.rockshelters. 

MeasurementsMeasurementsMeasurements ofofof Carbon-14Carbon-14Carbon-14 catacatacata fromfromfrom charcoalcharcoalcharcoal havehavehave 

stablishedstablishedstablished aaa continuouscontinuouscontinuous chronologychronologychronology indicatingindicatingindicating humanhumanhuman 

occupationoccupationoccupation ofofof thethethe sitesitesite fromfromfrom 6,1606,1606,160 +++ 130130130 yearsyearsyears tototo 32,160~16032,160~16032,160~160



 

yearsyearsyears B.P.B.P.B.P. (1).(1).(1). 

InInIn thethethe sitesitesite knownknownknown asasas BoqueiraoBoqueiraoBoqueirao dadada P~draP~draP~dra Furada,Furada,Furada, oneoneone ofofof LOOLOOLOO 

humanhumanhuman paintedpaintedpainted rockshelters,rockshelters,rockshelters, aaa seriesseriesseries ofofof powderspowderspowders ofofof differentdifferentdifferent 

colourscolourscolours hashashas beenbeenbeen foundfoundfound InInIn aaa waywayway thatthatthat maymaymay suggestsuggestsuggest theirtheirtheir useuseuse 

asasas aaa rawrawraw materialmaterialmaterial forforfor thethethe numerousnumerousnumerous drawingsdrawingsdrawings foundfoundfound ononon thethethe 

wallswallswalls ofofof thethethe rockshelters.rockshelters.rockshelters. TheyTheyThey werewerewere foundfoundfound sidesideside bybyby sidesideside InInIn 

aaa probableprobableprobable humanhumanhuman mademademade arrangementarrangementarrangement besidesbesidesbesides thethethe walls.walls.walls. 

2.2.2. RESULTSRESULTSRESULTS ANDANDAND DISCUSSIONDISCUSSIONDISCUSSION 

ThreeThreeThree samplessamplessamples havehavehave beenbeenbeen selectedselectedselected tototo performperformperform thethethe 

MessbauerMessbauerMessbauer andandand X-rayX-rayX-ray studies:studies:studies: aaa redredred powder,powder,powder, aaa light-redlight-redlight-red powder,powder,powder, 

andandand aaa yellowishyellowishyellowish powder.powder.powder. TheTheThe spectraspectraspectra ofofof samplesamplesample 111 1,1,1, redredred powder,powder,powder, 

recordedrecordedrecorded atatat roomroomroom temperature,temperature,temperature, 2UOK,2UOK,2UOK, SOK,SOK,SOK, andandand 4.2K4.2K4.2K areareare dispayeddispayeddispayed 

ininin figurefigurefigure 1.1.1. TheTheThe roomroomroom temperaturetemperaturetemperature MessbauerMessbauerMessbauer datadatadata withwithwith least­least­least­

squaressquaressquares fitting,fitting,fitting, glveglveglve 0=0=0= .3Smm/s,.3Smm/s,.3Smm/s, relativerelativerelative tototo metallicmetallicmetallic lronlronlron 

atatat roomroomroom temperature,temperature,temperature, 6q6q6q === -.22mm/s-.22mm/s-.22mm/s andandand aaa hiperfinehiperfinehiperfine fieldfieldfield ofofof 

SOSkG.SOSkG.SOSkG. TheTheThe samplesamplesample hashashas beerbeerbeer identifiedidentifiedidentified asasas beingbeingbeing haematitehaematitehaematite withwithwith 

fullfullfull MorinMorinMorin transitiontransitiontransition suppressed,suppressed,suppressed, sincesincesince atatat roomroomroom temperaturetemperaturetemperature 

ltsltslts quadrupolequadrupolequadrupole splittingsplittingsplitting shouldshouldshould bebebe aroundaroundaround +++ .2Umm/s..2Umm/s..2Umm/s. 

TheTheThe spectraspectraspectra ofofof samplessamplessamples 111 222 (light-red(light-red(light-red powder)powder)powder) andandand fff 333 

lyellowishlyellowishlyellowish powder),powder),powder), alsoalsoalso obtainedobtainedobtained atatat roomroomroom temperature,temperature,temperature, LOOK,LOOK,LOOK, 

SOKSOKSOK andandand 4.2K4.2K4.2K areareare shownshownshown ininin figuresfiguresfigures 222 andandand 3.3.3. ItItIt isisis visiblevisiblevisible fromfromfrom 

figs.figs.figs. 222 andandand 3,3,3, thatthatthat forforfor bothbothboth samplessamplessamples theretherethere existsexistsexists aaa slightslightslight 

superparamagneticsuperparamagneticsuperparamagnetic relaxation.relaxation.relaxation. ThroughThroughThrough thethethe fittedfittedfitted MessbauerMessbauerMessbauer 

parametersparametersparameters wewewe havehavehave identifiedidentifiedidentified thethethe ironironiron compoundscompoundscompounds ininin samplessamplessamples 

111 222 andandand fff 333 asasas beingbeingbeing haematitehaematitehaematite endendend omaJlomaJlomaJl particlesparticlesparticles ofofof goethite.goethite.goethite. 

MDssbauerMDssbauerMDssbauer parametersparametersparameters ofofof magneticmagneticmagnetic componentscomponentscomponents atatat 4.2K4.2K4.2K areareare listedlistedlisted 

InInIn tabletabletable I.I.I. TheTheThe changechangechange InInIn quadrupolequadrupolequadrupole splittingsplittingsplitting ofofof haematitehaematitehaematite 

fromfromfrom -.21mm/s-.21mm/s-.21mm/s tototo -.16mm/s-.16mm/s-.16mm/s mustmustmust correspondcorrespondcorrespond tototo aaa changechangechange ininin 

<8>,<8>,<8>, sincesincesince forforfor thethethe least-squaresleast-squaresleast-squares fittingfittingfitting wewewe havehavehave assumedassumedassumed 8=0.8=0.8=0. 

TheTheThe X-rayX-rayX-ray powderpowderpowder diffractiondiffractiondiffraction patternspatternspatterns fullyfullyfully confirmedconfirmedconfirmed thethethe 

MessbauerMessbauerMessbauer results.results.results. 



 

  
 

   

 
 

INKINKINK o(mm/s)*o(mm/s)*o(mm/s)* Llq(mm/s)Llq(mm/s)Llq(mm/s) (H(KG)(H(KG)(H(KG) 

redredred .49.49.49 161616 534534534 

light-redlight-redlight-red ... 494949 161616 .':>34.':>34.':>34 

.49.49.49 -.26-.26-.26 .':>02.':>02.':>02 

yellowishyellowishyellowish .49.49.49 -.16-.16-.16 534534534 

.49.49.49 -.26-.26-.26 503503503 

TABLETABLETABLE III --- BrazilianBrazilianBrazilian pre-Columbianpre-Columbianpre-Columbian inkinkink MessbauerMessbauerMessbauer 

ofofof magneticmagneticmagnetic componentscomponentscomponents atatat 4.2K4.2K4.2K 

*relative*relative*relative tototo metallicmetallicmetallic ironironiron atatat roomroomroom temperaturetemperaturetemperature 

1.001.001.00 .\~,.,loo.\~,.,loo.\~,.,loo

rrr,,, 

0.850.850.85 """ 
rrr 

1.001.001.00 

";:~."'\";:~."'\";:~."'\ (-~(-~(-~ nnn ......r.!\r.!\r.!\ ('\,('\,('\, rrr 
::: ::: ::: ;;; '.j'.j'.j 'i'i'i ::: ~~~ ... ... 

0.850.850.85 

1.001.001.00 ---.---.---. ".-....,....-..".-....,....-..".-....,....-.. ,............,,............,,............, ""\""\""\ r­r­r­
eoeoeo I(I(I( ~~~ ttt ':':': .t.t.t '~'~'~ f¥''''.:f¥''''.:f¥''''.: ~~~ !!! .:.:.: 

.:.:.: :::::: "'.',::"'.',::"'.',:: :::::: :::::: 

... ,t,t,t """ 

1.001.001.00 --- --.....,--.....,--....., r,r,r, r--r--r-- r--\r--\r--\ (',(',(', rrr .............................. ---
­­­

4.21(:.4.21(:.4.21(:. 1.1.1. l~,l~,l~, .:.:.: I'I'I' 
... ... '.,'.,'., .~.~.~ """ :':':' '.:'.:'.: 

-10.0-10.0-10.0 -5.0-5.0-5.0 0.00.00.0 5.05.05.0 10.010.010.0 
VelocityVelocityVelocity (mm/secl(mm/secl(mm/secl 

AREAAREAAREA en
enen

100
100100

54
5454

46
4646

26
2626

747474 

parametersparametersparameters 

fiQur.1fiQur.1fiQur.1 --- Prehi.toricPrehi.toricPrehi.toric InkInkInk (Red(Red(Red P"",der)P"",der)P"",der) 
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FigureFigureFigure 333 --- PrehistoricPrehistoricPrehistoric InkInkInk (Vellowi.h(Vellowi.h(Vellowi.h Powder)Powder)Powder) 
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