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RESUMO

Os carbonatos do psal e suas caracteristicas Unicas representam um desafio para a compreensao
dos processos deposicionais e diagenéticos relacionados a essad anchés gjeocronologia

da Formacéao Barra Velha é controverBar exemplo, ha controvérsias se os carbonatos dessa
formagao foramdepositads durante o Barremiano ou durante o AptiaR@rase obter a
cronologia dos processos deposicionais e diagenéticos relacionados aos carbonatos da por¢éo
superior da Formacéo Ba Velha e também entender como funciona o sistema isotogiin U

em minerais carbonaticogste estudo integrou petrografia convencional, imageamento por
QEMSCAN, e datacao4Pb in situ de carbonatos. As amostras séo de trés testemwBRSA3
923A-SPS,9-BRSA-928 SPS,e 7-SPH6-SPS) do campo de Sapinho4, localizado na por¢éo
central da Bacia de Santos. As idadesdalstieste estudo coincidiram com eventos tectonicos e
termais regionais que afetaram a Bacia de Santos. Esses eventos tém idal&s®e Ma, ~

116/114 Ma, e ~ 105/100 MBima influéncia local nas idades obtidas também foi observada, ja
gue os padrdes de idades foram diferentes entre os testemunhos. Por exemplo, as particulas
primarias de calcita dos testemunBeBRSA-928 SPSe 3-BRSA-923A-SPSforam afetadas por
umasubstituicAgpdsdeposicional do sistema-Bb, o que resultou em idades entrg05 Ma e

~ 82 Ma para essas particulddo entantoas particulas primarias do testemui@i®PH6-SPS
preservaram idadesais antigasle ~ 115 MaTal comportamentgontrastante das idades pode

ser explicado por diferentes contextos magmaticos, hidrotermais, estruturais e estratigraficos
atuando em diferentes areas do campo de Sapinhoa. As dolomitas, por sua vez, demonstraram que
a substituicdodo dstema UPb dos constituintes pode ndo ser um efeito pervasivo, mas que
depende mais da interacao rodhedo e das propriedades fisicas das particulas, como porosidade

e permeabilidadelsso foi observado em consequéndas camadas ngmworosas e nédo
pemeaveis de dolomita nderem sidafetadagpor umasubstituicaaeocronolégiado sistema

U-Pb. Na verdade, dolomita microcristalina e finos romboedros de doloeifigtraram as
primeiras datacdes diretas de idalesemianas para os carbonatos da Formacéao Barra Velha
Superior Em relacdo as idades das dolomitas, estas foram separadas em dolomitas pré
microcristalinas e @amo finos romboedros de idadesrremianagptianapor volta de 124 Ma
comodolomita lamelar e comeristais finos de dolomita romboédriparvasivade~117 1 110

Ma; e como dolomitas microcristalinas psemdrficas que sofrerarsubstituicdodo sistema
isotopico UPb relacionado a um evento de silicificacdo do Albi@eaomanianoDolomitas
péssilica tém idades por volta de ~100 Ms&® representadas por cimentos diagenéticos tardios
como dolomita blocosa dolomita em sela dolomita em sela limita temporalmente um evento

de dlicificacdo como mais velho que 100 Ma.



Palavras-Chave: Substituicaalo sistema LPb; Datac&o de carbonatos; Formacéo Barra Velha;

Interacéo rochdluido

ABSTRACT

The Presalt carbonates and their unique characteristics represent a challenge for understanding
depositional and diagenetic processes related to these fOo&sBarra Velha Formation's
chronology isalsocontroversial, whether it was deposited duringr&aian and Aptian times.

To constrain the chronology of depositional and diagenetic processes related to the Upper Barra
Velha carbonates and also to understand how tfb lkotopic system works in carbonate
minerals this study presents an integrated dyu of conventional petrography, QEMSCAN
imaging, and in situ UPb dating of carbonate samples from thiedls (3BRSA-923A-SPS, 9
BRSA-928 SPS, and-BPH6-SPS)of the Sapinhoa fieldocated in the central part of the Santos
Basin Ages obtained in thstudycoincidewith regionaltectonic and thermal events that affected

the Santo8asin. These events have geochronological ages of ~ 127/125 M6/114 Maand

~ 105/100 MaA local influence of the geological and structural contexts of the analyzidgm

was also detected, since the pattern of ages obtained in each well was different from the other.
For instance, the calcite primary particles from the wBREBA-928 SPS underwenit-Pb post
depositionateplacementwhich resulted in youngg@ostdepositional ages of ~ &0Ma for these
particles. Instead, the calcite primary particles from H8PH6-SPS well preserved older ages

of ~115 Ma. This different age behavior may be explained by different magmatic, hydrothermal,
structural, or stragraphic contexts acting on the studied wells. The dolomites, compared to calcite
particles, showed that tlgeeochronologicateplacemenof the particles may not be a pervasive
effect but may depend more on fltridck interaction and physical propertidstte particlessuch

as porosity and permeabilityThis was observed hendke nonporous and nopermeable
dolomitic aggregatesverenot affected by UPb geochronologicateplacementindeed, primary
microcrystalline and fine dolomite rhombecordedhefirst directbarremian ages for the Barra
Velha carbonates. Otherwise, microcrystalline pseudomorphic dolomites and calcite particles
underwent UPb replacementaused probably by fluidock interactions and thermal effects.
Concerningdolomite ages, theywere separated in plicification and possilicification
dolomites. Presilicification dolomitesoccur as-124BarremianAptian microcrystalline to very

fine laminated dolomite rhompas 1177 110 Ma lamellar and pervasivine rhombohedral
dolomite crystals and as pseudomorphic microcrystalline dolomiteat underwent tPb
replacementelated to an Albias€enomanian silicification evenRostsilicification dolomites

have ages of ~ 100 Ma and aepresentethy later diagenetic cements such askjodolomite

and saddle dolomite. The saddle dolomite temporally limits a silicification event as older than
100 Ma.

Keywords: U-PbreplacementCarbonate dating3arra Velha FormatigrFluid-rock interaction
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Figura 1: Esquema do processo de decaimento radiogénico dos is&thped® U em?°%Ph eX°’Pb,
respectivamente, de acordo com sweapectivas cadeias de decaimento e vieia O tempo de meia
vida é o tempo necessario para que metade dasnmaclideos de U se transformem em Pb. A taxa de
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Figura 2: Geocronologia tPb em carbonatos e diagrama da éatiie de TeraWasserburg associado.

A esquerda: imagem petrografica de udide. Osquadrados roxos representam os pontos de anélise. A
direita: diagrama da coalia de TeraWasserburg. Cada elipse roxa representa uma Unica analise e os
respectivos valores das raz8&6)/2°Pb e?“Pbf°%Ph. O eixo maior e o eixo menor das elipses amdias

incertezas de cada uma das duas razdes medidas. Em condi¢des ideais, no momento da cristalizacdo, as
razdes isotépicas U/Pb sdo heterogéneas e a razdo Pb/Pb é homogénea, resultando em uma linha de
regressédo horizontal (a isdcrona, marcada pela éimblpontilhada). Conforme o tempo passa e o U decai

para Pb radiogénico, a linha de regresséo inslna corta a curva da cdndia em uma posi¢céo que indica

a idade da amostra (o intercepto inferior). O intercepto superior entre a regressdo e re@igseynta a
composicdo inicial de 207PpPO%Ph do mineral (Montano,

Figura 3. (A) Area de estudo localizada na regido sudeste da margem continental brasileira, mais
especificamente na Bacia de Santos. O campo de Sapinhoa (em lil4s) esta na porgéo central da Bacia de
Santos. O poligono amarelo representa o poligono degbré&m magnta, estdo os demais campos de
petréleo. No norte, a Bacia de Santos é separada da Bacia de Campos pelo Alto de Cabo Frio. Ao sul, é o
Alto de Florianépolis que separa a Bacia de Santos da Bacia de Pelotas. (B) Detalhe do campo de Sapinhoa,
mostrando a dtribuicdo dos trés pocos estudados ao longo do

Figura 4: (A) Secao estratigrafica do Cretadaferior da Bacia de Santos (adaptado de Moreira et al.,
2007). (B) Histograma de idades de eventos magmaticos na Bacia de Santos. (C) Histograma das idades de
eventos de hidrotermalismo no @l (dados das bacias de Santos, Campos, Namibia e Kwgbiza).
Histograma de idades deposicionais e de diagénese registradassab (pi@dos das bacias de Santos,
Namibia e Kwanza). Os dados utilizados para a constru¢édo dos histogramas estéo disponiveis nos anexos
e sao das seguintes referéncias: Roclialkeset al. (2021); Godeau et al. (2021); Rochdlates et al.

(2022); Lawson et a{2022); Moreira et al. (2007); Szatmari & Milani, (2016); Trittla et al. (2018); Loma

et al.(2018); Rancan et al. (2018); Loubaatlal. (2021); Godeau et al. (2021); Roch&#es et al(2021);

Louback et al. (2023); Gordon et al. (2023); Oliveira et al.

Figura 5: (A) Correlagao estratigréfientre os pogos estudadpsy meio de perfil de raiegama.

O poligono roxo tracejado representa a por¢cdo amostradag@o923A.0O poligono Vermelho
tracejadaepresenta a porcdo amostrada deop928.0 poligono azul tracejado representa a porgao
amostrada doqgo SPH6. A linha tracejada laranja representa a base do sal. A linha azul tracejada
marca a Discordancia Intvdlagoas. (poligono lilAs marca a coregldo entre a porcao amostrada do

poco 923A, que corresponde aos 15 metros imediatamente abaixo do marco Lula, com os 30 metros
superiores da porcdo amostrada do poco 928, que provavelmente engloba o mesmo ou nivel
estratigrafico semelhante que o amostielo testemunho 923A. O poligono azul marca a correlagéo
entre a parte amostrada do po¢o SRHue corresponde entre cerca de 100 m a 140 m de profundidade
abaixo da base do sal, com a porcdo intermediaria amostrada do poco 928 que provavelmente
compreend um intervalo estratigrafico semelhante aquele compreendido pelo testemurBqBPH

Perfis estratigraficos da porcdo superior da Formacdo BagiteaVamostrada pelos trés pocos
estudadosA linha tracejada vermelha marca a divisdo do testemunha®d8as partes: (1) a se¢édo
superior, localizada dentro de ~ 20 metros logo abaixo da base do sal, que provavelmente esta em uma
posicao estratigrafica similar a do testemunho 923A; e (2) uma sec¢édo intermediaria do testemunho
928, localizada entre 100 m el abaixo da base da FAtiri, e que provavelmente corresponde a

uma posicdo estratigraficeeraelhante aquela na qual o testemunho -6Fdi amostrado.Os
poligonos vermelhos marcam locais de houve amostragem peilisea de WPb em

(o= 14 o T ] 0= 1 (03~ OSSP 34

Figure 1: (A) Location of the Zeta field in the central portion of the Santos Basia.yellow polygon
represents the Pugalt polygon, with the oil fields illustrated in magenta. In the northern part, the Santos



Basin is separated by the Campos Basin through the Eao High. In the south, the Floriandpolis High
separates the Santos Basin from the Pelotas Basin. (B) Detail of the Zeta field, showing the distribution of
the three wells studied along the area. (C) Lower Cretaceous stratigraphic section of thd3&sintos
(adapted from Moreira et al., 2007). (D) Histogram of magmatism ages in the Santos Basin. (E) Histogram
of hydrothermal events ages in the -Badt system. (F) Histogram of depositional and diagenetic ages
recorded in the Prsalt system. The datompiled from other studies are available in the supplementary
material (RochelleBates et al., 2021; RochelRates et al., 2022; Lawson et al., 2022; Moreira et al., 2007;
Szatmari & Milani, 2016; Trittla et al., 2018; Loma et al., 2018; Rancan @0dl8; Louback et al., 2021;
Godeau et al., 2021; RocheBates et al., 2021; Louback et al., 2023; Gordon et al., 2023; Oliveira et al.,
1202 ) PSSO SP PSP RR PRSI a4

Figure 2: Gamma ray well correlation between the three studied wells. The purple dashed polygon
represents the sampled portion form the well A. The red dashed polygon represents the sampled portion
from the well B. The blue dashed polygon represents the samplédnpioam the well C. The orange
dashed line marks the salt base. The light blue dashed line marks th&laigimas Unconfomity. The lilac
polygon marks the correlation between the sampled part of the well A, which corresponds to ~15 m right
under the Lulanark, with the uppermost ~ 30 m sampled from the well B, that encompasses the same
portion. The blue polygon marks the correlation between the sampled part of the well C, which corresponds
to ~100 mi 140 m under the salt base, with the middle samplet gfathe well B that probably
comprehends a similar interval. The red stars mark the stratigraphic position of the samples analyzed for
U-Pb
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Figure 3: (A) PPL photomicrograph of shrubstone with wielfmed shrubs with the interparticle space
occupied by dolomite rhombs. Sample is 5129.45 from well C. (B) PPL photomicrograph of spherulitestone
with lamellar pseudomorphic microcrystalline dolomite and stratiform silicification. Sample is 5016.90
from well B. (C) PPL photomicrograph of grainstone with inteparticle porosity and formed by intraclasts
of spherulites, composite ooids, basalt lithaislaand chert lithoclasts. Sample is 5014.75 from well B. (D)

XP photomicrograph of laminated, saféformed and partially silicified dolostone formed by
microcrystalline and rhombohedral dolomites. Sample is 5194.50 from well B. (E) PPL photomicrograph
of dolomitesupported rock composed by fine dolomite rhombs occupying the interparticle space and
replacing the framework constituents. Sample is 5124.60 from well C. (F) XP photomicrograph of a chert
with carbonate particles preserved. Microcrystallineailbccupies the interparticle space and replaces
particles. Macrocrystalline mosaic quartz fills vuggy pores. Sample is 5045.25 from well B. Bas: basalt;
Ch: chert; CO: composite ooid; Dol: dolomite; IC: intraclast; MD: microcrystalline dolomite; MMQ:
maciocrystalline mosaic quartz; MS: microcrystalline silica; LD: lamellar dolomite; Shr: shrub; Sph:
SPNBIUIITE. ..ottt e bt e e e e e e 50

Figure 4: Coupled conventional petrographic st&@EMSCAN imaging to a better understanding of
diagenesis. (AB) XP andQEMSCAM images of chert with carbonate particles preserved. It is possible to
notice that the quartz crystals are replacing dolomite rhombs and calcite particles. Sample is 5020.10 from
well B. (C-D) PPL and QEMSCAN images of dolomitized grainstone withmtbohedral dolomite filling

pore spaces and replacing calcite paticles. Macrocrystalline mosaic calcite fills intraerticies
porosity. Sample is 5100.75 from well A. Dol: dolomite; MC: macrocrystalline calcite; MS:
microcrystalline silica; Qz: quiez; Shr: shrub........... e 52

Figure 5: Analyzed primary constituents and their respective -Wéasserbung concordia diagram ages.
A) TeraWasserburg concordia diagram shogvii®U/?°Pb versus®PbF°Pb data of microcrystalline
dolomite. (B) TeraWasserburg concordia plots showfi#J/2°Pb versug’’PbF°Pb data of rhombohedral
dolomite. (C) PPL photomicrograph and QEMSCAN image of laminated dolostone formed by
microcrystalline and rhombohedral dolomites. Sample is 5194.50 from well B. (D)Wasserburg
concordia diagram showingf®U/2°Pb versus®’PbF%Pb data of a peloid. (E) XP photomicrograph of
analyzed peloid particle in the midst of microcrystallinkcai Sample is 5132.50 from well C. (F)
QEMSCAN image of figure in (E) highlighting the calcite peloid partially replaced by silica. (G} Tera
Wasserburg concordia diagram show#fy/2°Pb versug®PbPPhb data of a particle of shrub. (H) PPL
photomicograph of a shrub particle in a silicified rudstone. Sample is 5127.90 from well C. (I) QEMSCAN
image of figure in (H) highlighting calcite composition of shrub and the surrounding silica partially
replacing the particle. (J) TeMlasserburg concordia diggn showing?®3U/?%Pb versug’PbFPb data

of ostracod particles. (K) PPL photomicrograph of analyzed ostracod particles. Sample is 5113.00 from
well C. (L) QEMSCAN image of figure in (K) highlighting the calcite composition of the ostracod. (M)
TeraWasserburg concordia diagram showd#fity/2°Pb versug®PbP°Pb data of a shrub particle (N) PPL



photomicrograph of a shrub particle in a dolomitized grainstone Sample is 5118.95 from well C. (O)
QEMSCAN image of figure in (N) highlighting the calcite noposition of the shrub particle, the
surrounding dolomite cement and a few silica partially replacing calcite particles. (PyVasszburg
concordia diagram showirf§U/2%%Pb versug’’PbP%Phb data of a shrub particle. (Q) XP photomicrograph

of a silicified shrubstone. Sample is 5133.95 from well B. (R) QEMSCAN image of figure in (Q)
highlighting the calcite composition of a shrub particle and the surrounding silica partially replacing
particles of shrubs. (S) Tek&lasserburg concordia diagram show#fiy/2°Pb versug®PbPPb data of

shrub particles. (T) PPL photomicrograph of a shrub particle in a silicified rudstone. Samples is 5099.05
from well A. (U) QEMSCAN image of figure in (T) highlighting the calcite shrub particle partially replaced
by silica. Quoted age uncertainty includes propagated systematic uncertainties. Datapoint error ellipses are
2s. MSWD, mean squared weighted ddwiat (Pb*)c is #°PbF°Pb)c, known as common lead
composition. Red circles represent analytical spots made onpdhéles. Dol: dolomite; MD:
microcrystalline dolomite; MMQ: macrocrystalline mosaic quarz; MS: microcrystalline silica; Os:
ostracod; Pel: peloid; SD: saddle dolomite; Shr:

Figure 6: (A) TeraWasserburg concordia plots showiddfU/?%Pb versus?*’PbP°Pb data for
microcrystalline lamellar dolomite. (B) PPL photomicrograph of microcrystalline lamellar dolomite
contouring spherulite particles in a spherulitestone. Sample is 5016.90 from well B. (C) QEMSCAN image
of figure in (B) highlighting silicification in the domiterich sample. (D)TeraWasserburg concordia
diagramshowing?3&8J/?%Pb versug®PbF°Pb dateof rhombohedral dolomite. (E) PPL photomicrograph

of grainstoneaaffected by pervasive dolomitization, with rhombohedral dolomite crystals filling pores and
partially replacing particles. Sample is 5020.10 from well B. TE)aWasserburg concordidiagram
showing 238U/2%%Pb versus?*’Pbf°Phb dataof rhombohedral dolmite. (G) PPL photomicrograph of
grainstone affected by pervasive dolomitization, with rhombohedral dolomite crystals filling pores and
partially replacing particles. Sample is 5118.95 from well C. TH)aWasserburg concordidiagram
showing?38U/2%Pb \ersus’’PbF%Pb dataof blocky dolomite cement. (1) PPL photomicrograph of blocky
dolomite cement filling vuggy and intraparticle porosities. Sample is 5113.00 from well Cer@)
Wasserburg concordidiagramshowing®8U/2°%Ph versug®PbPPb dataof saddle dolomite cement. (K)

PPL photomimcrograph of saddle dolomite filling intraparticle fracture porosity in a grainstone. Sample is
5124.60 from the well C. (LYeraWasserburg concordidiagramshowing?3®U/?°Pb versug®’PbF’Pb

data of rhomboheral dolomite. (M) PPL photomicrograph of grainstone affected by pervasive
dolomitization, with rhombohedral dolomite crystals filling pores and partially replacing particles. Sample
is 5124.60 from the well C. (NjeraWasserburg concordiiagramshowing?38J/2%Pb versug’PbF’Phb

dataof saddle dolomite cement. (O) PPL photomicrograph of silicified and dolomitizes grainstone with
saddle dolomite crystals filling the center of vuggy pores lined by quartz crystals. Sample is 5020.10 from
the well B.Quaed age uncertainty includes propagated systematic uncertainties. Datapoint error ellipses
are 2s MSWD, mean squared weighted deigat (Pb*)c is €“PbF°Pb), known as common lead
composition. Red, green awhite circles represent analytical spots made on the particles. BD: blocky
dolomite; Dol: dolomite; LD: lamellar dolomite; MD: microcrystalline
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Figure 7: Microcrystalline pseudomorphic dolomites. (A) PPL photomicrograph of the sample where the
microcrystalline pseudomorphidolomites occur. Sample is 5049.95 from the well B. (B) QEMSCAN
image from figure in (A). (C) Ter&lVasserburg concordia diagram showff/2°Pb versug®PbPhb

data of microcrystalline pseudomorphic lamellar dolomite. (D). -Wéasserburg concordidiagram
showing?U/2%Pb versug’PbP’Pb data of the microcrystalline pseudomorphic dolomite that replaced
ostracod particles. (E) Telasserburg concordia plots show#igJ/?°Pb versug®PbPPb data of the
pooled data from these microcrystaflipseudomorphic dolomites, since they all occur in the same sample
and have the samé&PbF°Pb)c value. Datapoint error ellipses are 2s. MSWD, mean squared weighted
deviation. (Pb*)c is LPbP°Pb)c, known as common lead composition. LD: lamellar midk Os:
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Figure 8: (A) Kernel Density Estimation (KDE) curve and histogram ages of magmatic event in the
Santos Basin. (B) KDE curve and histogram ages of hydrothermalism events recorded in Santos, Campos,
Kwanza and Namibe basins. (C) KDE curve and histogram ages of dapalsitnd diagenetic events in

the presalt section of Santos, Kwanza and Namibe basins (literature data). (D) KDE curve and histogram
ages of depositional and diagenetic events in the Upper Barra Velha Formation (our data). The histogram
binwidth is 10 ad the kernel bandwidth is 1.5 for figures A, B, C, D. @)mmary chronology of the

Upper Barra Velha Formation carbonates and related magmatic, hydrothermal, and sedimentary events in



the Santos Basin and other @t basins (e.g., Campos, Kwanza andnib@ basins)The figureshows
the relationship between th8arra Velha Formation carbonateges withthose of magmatic and
hydrothermal events that affected the-padt. Kernel bandwidth is 5. Our data and compilation from other
studies aravailablein the sipplementary materigRochelleBates et a]2021; RochelleBates et a] 2022;
Lawson et a.2022; Moreira et al2007; Szatmari & Milani, 2016; Trittla et a018; Loma et a]2018;
Rancan et a12018; Louback et gl2021; Godeau et aR021; RochelleBates et a).2021;Louback et al.
2023; Gordon et gl2023 Oliveira et al, 2023)........covieeiii e 6l.....

Figure 9: Dolomitic layers intercalated with shrubs and spherulites and thé&lb dges. (A)Tera
Wasserburg concordidiagramshowing?3®U/2°%Pb versug®PbFPb dateof fine rhombohedral dolomite
crystals (B)TeraWasserburg concordidiagramshowing?3U/2°%Pb versug®PbF’Pb dataof spherulite
particles. (C) PPL photomicrograph of dolomitic spherulitestone with fine rhombohedral dolomite crystals
filling interparticle pores and partially replacing spherulite particles. Sample is 5090.95 from well A (D)
QEMSCAN image of figure in (C) highlighting the calcite composition of the spherulites, the interstitial
dolomite and silica partially replacing spherulites. {EraWasserburg concordidiagram showing
238/2%%Pp versug®PbP%Pb dateof interstitial micocrystalline dolomite. (FJeraWasserburg concordia
diagram showing 2%8U/?%Pb versus?*PbF°Pb dataof shrub particles. (G) PPL photomicrograph of
dolomitic shrubstone with microcrystalline dolomite layers intercalated with layers of shrubs. Sample is
5015.10 from well B. (H) QEMSCAN image of figure in (G) highlighting the calcite composition of the
shrubs, and the partial replacement of shrubs by the microcrystalline dolomiteer@yVasserburg
concordiadiagramshowingz8U/?°Pb versug®’PbF’Pb dataof fine rhombohedral dolomite crystals. (J)
TeraWasserburg concordiiagramshowing?38J/2°%Ph versug®PbF%Pb dateof spherulite particles. (K)

PPL photomicrograph of dolomitilicified spherulitestone with fine rhombohedral dolomite crystals
filling interparticle pores and partially replacing spherulite particles. Sample is 5144.00 from well B. (L)
QEMSCAN image of figure in (K) highlighting the calcite composition of spherulite particles, the
surrounding silica and the rhombohedral doloroitgstals between the particlé3uoted age uncertainty
includes propagated systematic uncertainties. Datapoint error ellips&s a#SWD, mean squared
weighted deviabn. (Pb*)c is E“PbP°Pb), known as common lead composition. Red circles represent
analytical spots carried out at calcite particles. Blue circles represent analytical spots carried out at dolomite
phases. Dol: dolomite; MD: microcrystalline dolomite; Shr: shrub; Sph:
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CAPITULO 1
1.1INTRODUCAO

O interesse em compreendercandicdes ambientais que promoveram a deposicao
dos espessos carbonatos lacustresiddde Eocretacea dwésal e a diagénese e
hidrotermalismo associados a esses depoditee um grande aumento durante o0s
altimos dez anos (Wright e Barnett, 2015; Souza et. al., 2018; Farias et al., 2019; Lima et
al., 2020 Carvalho e Fernandes; 2021; Rebelo et al., 20283depodsitosompreendem
principalmente carbonatos abidticos com agsiaa continentaige 8’Srf°Sr (0.7111
0.7141; Pietzschktal., 2018, 2020; Fariast al, 2019; Limaetal., 2020; Lawsoret al,
2022. O ambiente deposicional ndmarinhodesses carbonatos se da em uma ampla
variedade de facies influenciadas por ogéiés no nivel do lago e pela configuracéo
estrutural da bacia, responsavel pelos paltxs e paledaixos(Wright & Barnett, 2015;

De Paula Fariat al, 2017.

Shrubstones e grainstors&o facies formadas durante estagios de baixo nivel do lago,
possuemaltas porosidade e permeabilidade compreendem as melhores rochas
reservatorio de hidrocarbonetda porcdo superior da Formacéo Barra Velha, na Bacia
de SantosPor outro ladops mudstones, que n&onstituem as rochagservatoriade
hidrocarto n et o s, s«o formadas em condi - »es de
complexidade de facielmFormacao Barra Velhengloba também outras litologias como
spherulitestones, rudstones, packstones, travertinos, dolostones, cherts g\bheghtas
& Barnet, 2015; Souza et al., 2018; Gomes et al., 2020; Can&lRernandes; 2021;
Rebelo et al., 2023Porém, ndo sdo apenas as facies que tornam esses carbonatos tao
complexos as modificacbes pédeposicionais relacionadaseaentos de dissolucéo,
silicificacdo e dolomitizacdo, dentre outras alteracdes diagen&@assignificativas.
Elasocorremdesde anomento da sua deposig@ao longalevarios ciclos dalteracdes
durante o soterramen(blerlinger et al., 2017; Lim& De Ros, 2019; Lima et.ak020Q.

O ambiente deposicional, com suas caracteristicas particulares de alta alcalinidade, altas
concentracdes de silica e magnésio, e altas taxas de evapopagéiocom a auséncia

de bons analogos modernos para carbonattissiresi também contribuem paras a
dificuldades de entendimentala dindmica sedimentadas condi¢cdes climaticasio
contexto tecténicogla quimica da aguada formulacdo de modelos deposiciondass

faciesdo présalaptiano(Carvalho& Fernandes, 2021
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A cronologia @ porcao superiof~ormacdo Barra Velha tambéé um assunto
controwerso, ja que Moreira et al. (2007) limitaranpor¢éo superioFormacgaoBarra
Velha entre o intervalo de 117113 Ma Por outro ladad,.awson et al. (2022haseando
sena datacadasotopica deJ-Pb de carbonatos da porcdo superior da Formacdo Barra
Velha,sugerem uma idade deposicionalld®.83 + 1.56Vla para esta unidade. Porém,
estudos bioestratigraficos e quimioestratigrafida@sleschi et al2017)situam o topo da
FormacédoBarra Velha abaixale ~120 Ma ou abaixo de ~125 Ma, de acordo @am
diferentes calibracdes de idade de Malinverno et al. (2010) ou Ogg et al. (2012) para o
Eventode Anoxia Oceanica daptiano (OAE 1a)Em autro estudo, Pietzsdat al. (2020)
propde uma idade maximBarremiano Superioparaa deposicdo as carbonatos da
Formacadarra VelhaComo visto, a datacdo-Bb dos constituinteda Formacao Barra

Velha éfundamentapara estabelecer uma cronologia de eventos no sistené-sil.p

Minerais carbonéaticos como calcita, dolomita, aragonita e magnesita podem se
cristalizar por meio de processos diagenéticos, magmaticos, sedimentares, metamorficos
e hidrotermais, podendo acumular uranio durante a sua formacao, teosaiteis pea
a geocronologia ¥Pb Rasbury& Cole, 2009; Roberts et al., 202&m contraste com
0s carbonatos, nircdo € um mineral resistente a perturbagcdes termais e € comumente
utilizadocomo crondmetro ¥Pb por incorporar teores de U no sitio do ion zircdip (

e nao incorporanenhum Pb durante a sua cristalizadaesta forma, &b presente em
zircbestem uma origemessencialmentadiogénicgMezger& Krogstad, 1997Montano,
2021) Por outro lado, ®mecanismos de incorporacao de U e Pb em carbonatos durante
a cristalizagéoe diagénese ndo sao bem entendpus dependem de coeficientes de
particdotermodinamicamente determinadode muitas variaveisPor exemplo, dentre
essas variaveis pode induir adisponibilidade de elementdsaco, taxa de crescimento
da calcita, temperatura, pH, Eh, p®a razddCa*/COs 2 em solugdo, raio ibnico e
complexacaoeU (Roberts et al., 2021AIém dessas variaveis, sao importansgskiém
asconcentracoes iniciais d¢ e Ph, altera@esou recristalizagesa baixas temperaturas
na presenca de fluidgdifusdo de Plemtemperaturas moderad@herniak, 1997)além
dos processos de formacao de carbonatosnsepmplexos e duradourof#sbury &
Cadle, 2009).Entdo,uma dagjuesbes quando se trataadiatacdo de carbonatos, € sobre
qual evento geologicesta sendo representado pdiede(Rasbury & Cole, 2009; Drost
et al.,2019; Robertet al.,2020)
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A datacdo de carbonatdsm sido realizadapor meiode diluicdo isotdpica por
espectrometria de massas por ionizagéo termall(MI5) ou porablacdo a laser e
espectrometria de massa com plasma indutivamente acopladdM8LRSmith &
Farquhayr 1989; DeWolf& Halliday, 1991; Brannon et al., 1996; Rasbury et al., 1997;
Richards et al., 1998; Woodhead et al., 2006; Pickering et al., 2010).

Nos ultimos anos, devido a vantagem relacéa alta resolucéo espacial e rapida
aquisicao de dados, eblacdo a laser associada com um espectrdmetro de massas com
plasma indutivamente acopladbA-ICP-MS) tornouse cada vez mais popular na
datacédo UPbin situde carbonatogstudogde eventos tectonicogde fraturagHansman
et al., 2018; Nuriel et al., 20}, de evolucéo termal de bacias sedimentakésngenot et
al., 2018; MacDonald et al., 2019; Rochdfates et al., 2022F de interacdes rocha
fluido (Li et al., 2014; Godeau et al., 201830 algumas das aplicacdes dessa tédda
sistema do préal estudogoram realizados emwarbonatos das bacias de Santos, Kwanza
e da NamibigRochelleBates et al., 2021; Godeau et al., 2021; Rociidles et al.,
2022; Lawson et al., 2022pbtendo um amplespectrode idadesAs interpretacdes
relacionadas a essas idades revajamdiferentes eventos deposicionais, diagenéticos,

hidrotermais, tectdnicos e magmatiedstaram esses carbonatos.

As amostras analisadas foram obtidas de trés pogastpode Sapinhodpcalizado
na pate central da Bacia de Santos. Um desses p@&BREA-928-SPS) compreende
um testemunho comerca de 200 rde um interval@uase continuamostradala secéo
superior da Formacédo Barra Velm centro do campo. Neste testemunho € possivel
observar ndo a@mas constituintesprimarios das rochas como shrubs, esferulitos,
oncoélitos e ostracodemas também mtensadiagénese que afeta esses carbonatos na
forma de eventos de silicificagdo, dolomitizagéarstificacdo, formacéo de brechas e
fraturamentoFForam coletada® analisadasmbémamostras edois outrogestemunhas
7-SPH6-SPS localizado na parte norte do camp®@-BRSA-923A-SPS localizado na
porcéo sul e apesentanidicdes semelhant@s observadasmtestemunho 92® SPH
6 possuicerca de 30 m de intervalo contirdeporcasuperior da Formacéo Barra Velha,
enquanto o 928 possui aproximadamente 15 m de rochas testemunhadas, também da
porcao superior da Formacéo Barra Velhaomparagao das idades obtidas em amostras
desses trésestemunhose importante para entendes gariagges mineraldgicas e
isotopicasem relacdo @ contextodiagenético,tectonico, estruturalestratigraficoe

magmatico d bacia
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1.2 OJETIVOS DA DISSERTACAO

O objetivo desta dissertacdo € a caracterizacdo geocronoldgica de eventos
deposicionais e diagenéticos nos carbonatos da por¢ao superior da Formacgéo Barra Velha.

Para atingir esse objetivo, pretersie

1 Identificar e caracterizar as facies sedimentare®goem nos testemunhos
e nas laminapetrograficas

1 Identificar principais produtos diagenéticos observados na petrografia,
interpretando seu significado;

1 Identificar a composi¢cdo mineraldgica, por meio de avaliagdo quantitativa de
materiais por microsqoa eletronica de varredura (QEMSCAN), das fases
observadas em petrografia;

1 Relacionar as idades obtidas com a histéria geoldgica da Bacia de Santos e de

outras bacias do Rmal, como as bacias de Campos, da Namibia, e de Kwanza.

1.3 ESTRUTURA DA DISSERTACAO

Estadissertacdo de mestraésta organizada ewginco capitulos: Capitulo 1, que
introduz o tema pesquisad@presentas objetivos deste trabalho; o Capitulo 2 apresenta
a conceituacdao tedrica sobre a geocronologitblUcom foco na datacdeRb em rochas
carbonéticase aborda o contexto geoldgico do-Ba¢ da Bacia de Santas capitulo3,
gueapresenta os materiaigr&todos utilizados no trabalho; o capitulmnd,qual esta o
artigoi nt i t W-Pbalhting ¢f Carbonate Rocks From the Upper Barra Velha
Formation: Implications for the Geological History of the Santos Basi,m s er s ub met
ao periodico Marine and Petrteum Geology o capitulo 5, queconstitui breves
conclusdes e recomendac¢des deste trabalho sobre a utilizagdo da geocrorBgEsU

carbonatos do prgat e, por fim, o capitulo @&presenta o referencial bibliografico
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CAPITULO 2
2.1 CONCEITUACAO TEORICA
2.1.1 Geocrondmetro UPb

O cronbmetro isotopico b baseiase nos processos de decaimento natural dos
isétopos radioativos de U (os radionuclideos) inicialmente incorporados no mineral a ser
datado. Na natureza, os radionuclideos mais comuns do U%%b ® 02**U. Com o
tempo,228U e 0**U (os is6toposnie) decaem exponencialmente para os is6fSffls
e 2°Pb (is6topodilho) em uma taxa descrita por um parametro conhecido come meia
vida, que é de,47 bilhdes de anos pasasérie de decaimentdU -> 2°Pb e de (¥03
bilhdes de anos paeasérie delecaimentd*U ->?°"Ph. Depois de decorrida uma meia

vida, metade dos atomos ddtopemaetera decaidgara oisétopafilho (Figural).

100 | \

238 Meia-vida 206

4,47 Ga
L=

235 Meia-vida 207

R

-
(3}

Porcentagem do is6topo
[3)]
P4 o

\

\

\ \ | \ \

2 3 4 5 6 7
Meia-vida

Figural. Esquema do processo de decaimento radiogénico dos isétapes>>U em2°Ph e?°Pb,
respectivamente, de acordo com suas respectivas cadeias de decaimenteidant®@igempo de
meiavida € o tempo necessério para que metade dos radionuclideos de U se transformem em Pb. A
taxa de decaimento € exponencial.

As duas series de decaimento sgwesentadas pelas equacdes de Bateman (Batema
1910; E®¢ 1.1 el.2)
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206pp = 206ppy, + 238 (@238t 1) 11
207py = 207ppy, + 239 (@235 - 1) 12

onde o subscritd se refere a concentracao inicial do is6topo ou concentracdo de Pb nao
radiog°nico (ou seja, Pb comum); > ® a

precisdo; e t € o tempo decorrido desde o inicio da cristalizacdo até o presente.

As técnicas de especinetria de massa empregadas permitem coletar com mais
precisao as razdes isotopiess vez da concentracawlividual de cad#sotopo.Por isso,
um isétopo estavel tem que ser usadmo referéncia para a normaliza¢do atuando como
um denominador para as egdes de decaiment@omoo ?*4Pb nao é radiogénice por
ter a abundéancia constante desde o inicio da ,Térratilizado comoo isétopo de
referéncia(Schoene, 2014Normalizando as equacdes 1.1 e 1.2, resulta as seguintes

equacoes:
200ppy*/204ph = (20%Ph/29%Ph), + (238U/29Ph) (€®2381) 1.3
207ppy*/20%Ph = (2TPR/2%Ph)o + (2%U/2*Pb) (€° %8 - 1) 1.4

Dividindo a equacéo 1.4 pela 1chegase na seguinte equacao:

(236) 629851)_(20F3,lﬁ-20|5b
(23@) aeeesl )_(20F616-20F6b)

15

* refere-se a natureza radiogénica do Pb em questéo

A Equagadl.5 é muito Gtil porque permite evitar a medig¢do da concentragZa
Este isGtopotem uma menor abundanciaatural e uma meiavida mais curta se
comparado aé&*®U. Em relacéo aé**U, concluise que a maior parte d&U primordial
daTerraja decaiu. Atualmente, mza0?2U/?®U é consideradamaconstante conhecida
em sistemas terrestres e meteoriticos igaad7818 + Q045(Hiesset al, 2012). Embora
essa razgguntamente conos valoresdas constantes de decaimento, ainda seja uma
questdo de debate na comunidade geocronoldgica (€ralg2020) a Unica incognita

nesta equacao continua semd®b comum.

Existemdiversasequacdes que permitem o célculo da composigé®b comume

diferentediagramas tém sido usados como formas convenientes de exibir a composi¢éao

19



isotopicade Pb comum, comos diagramas da concordide TeraWasserburg e de
Wetherill. A curva daconcordia(Wetherill, 1956) € uma curva paramétrica que define a
evolucédo ds razbesle Pb radiogénico ao longo do tempo. Num sistema fechado, a
composicdo de um mineral que inicialteemaoincorpora nenhum Pb sera plasad
diretamente na curvaacconcérdiaam uma posicao que fornecédade concordante da
amostraEm um modelo simplificado de decaimendes duas cadeias de decaimerto U
Pb,sem Plxomum incorporado, as equacdekel.2 seriam:

206Pb* — 238U (e a238t _ 1) 16

20pp* = 239y (e a235t _ 1) 1.7
* refere-se a natureza radiogénica do Pb em questao

Como os dois sistemas de decaimento se desenvolvem em paralelo dentro de um
determinado mineral, eles deveriagsultar nanesnaidade (idade concordante). Assim,
as equactek.6 el.7 podem ser combinadas em um diagrémiegrama da concérdia).
Este diagama coloca os resultados?@® b8 versug®’PbP**U de uma mesma analise.
A curva conérdia n&o € linear, pois os is6toposte) e2®U possuem diferentes tempos
de meiavida. No diagramaaconcérdia, todas as amostras que permaneceram como um
sisema fechado desde o tempo de formacao cairdo sobre a curva (idade concélante)
gue saem da curva sdo chamadas de discordantes e se comportaram como um sistema
aberto (Dickin 2005 Schoeneg2014)

Em minerais com alto teor de U, como zircdo e monazitaaior parte do Pb que
ocorre é radiogénico e eventual Plcomumpode ser negligenciado e ocasionalmente
corrigido.Nesses minerais, o diagrama da concérdia geralmente utilizado € o de Wetheril
(Wetherill, 1956, que utiliza as razde8%PbP*U versus®®’PbP*®U. No entanto, para
minerais comapatita ou carbonatpguepodem incorporar grandpiantidadale Pb no
momento da cristalizac&®b comum),a datacdautiliza uma abordagem diferente
diagrama da concérdia de TaMasserburgTera & Wasserburg, 19°&2b).

2.12 Geocronologia de Carbonatos e Incorporagéao de U e Pb

Carbonatos sdo minerais com baixos a intermediarios teores de U (10 ppb a 100 ppm;
Weyer et al., 2008; Nuriel et al., 202fjue incorporam quantidades variaveis de Pb no

momento da cristalizacdo (Pb comum), resultando em umaaal&bilidadeda razao
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isotopica is6topanadisotopefilno (por exemplo,?%U/2%Pb). Idades de carbonato
obtidas através das duas cadeiaslglgaimento dificilmente serdo concordantes e sua
composicéo isotopica ficara fora da curva da concérdia.

O teorde Pb comum é avaliaghelo métodalaisécrora(Schoene, 20)4exigindo a
realizacdo de mudltiplas analises na mesma fase carbonética. Seisriadvanéaticos
coexistentegsvoluiram a partir da mesma composicao déd2b é observavel através de
multiplas anélisessimesmo constituinte carbonaficos pontogormardo uma linha reta
com significancia de idade em um gréafic®®®b’’Pb vs 2>U/2%Pb(Montano, 2021).

E a is6cronaPorém, devido a dificuldade em medif%Pb de forma precisa, poeke
fazer uso de isocronas alternativas como a de-Wasserburg, que utiliza parametros
normalmente bem detectados pelos coletores de Faraday Z4mcPb, e 2°Pb
(Ludwig, 1998; Woodhead et al., 2006). Portanto, a composicao isotopiia dé
carbonatos é usualmente representada no diaglaownoérdia de TeraNasserburgue
inclui ambas as cadeias de decaimdftd) -> 2°%Pb e 23U ->29Pp) e é o inverso do
diagrama da coricdia de Wetheril O diagrama da coobddia de TeraVasserburg
apresenta a razZ&U/°®Pb no eixaX e a razad°’Pb°Pb no eixoy.

Se?3/2%%pp* e 207Pp*/20%Pp* (* refere-se aPb corrigidapor Pb comum, como ocorre
no diagrama da concérdia de Wetherill) forem plotados no diagrama da concérdia de
TeraWasserburg, os dados concordantes e discordantes podem ser interpretados de
forma idéntica ao diagma da concordia de Wetherill. No entanto, se um conjunto de
amostras cogenéticas sair da concérdia por contaminagdo de Pb comum, entdo a regressao
linear do conjunto de dados interceptara a concordia no eixo X, correspondendo a idade,
e interceptara o xd Y (°PbP°Pb) no valor de Pb comum. O diagrama da concérdia de
TeraWasserburg, portanto, combina a eficacia da isécrona em obter uma composigéo de
Pb comum com a eficacia de um diagrama da concdrdia em testar se houve a abertura do
sistema (Schoen2014).Um ponto deuma analiséJ-Pb sera plotamlcom as seguintes

coordenadasartesianas

G
CoPm  (e’te1)

Eixo x:

(2 Olj’ lE)
(2 OFS lﬁ

(82°21)
—( 22887 )1.9

Eixo y.
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* refere-se & natureza radiogénica do Pbm questéo

onde k é a razaatual®**U/?*® = 1/13788 (Hiess e al., 2012A curva ch oncordia é

obtida considerando o mesmo t nas equat@es 1.9

A composicaaisotdpicainicial de um carbonato (em t0) sera plotada em um
diagrama da coricdia de TeraNasserburggomo um conjunto dpontos alinhados ao
longo de uma linha de regresséao horizontal. Com o tempo, os isdepae cada ponto
decaempara is6topos d€b, resultado em um aumentprogressiv da inclinagdo da
linha de regresséo. A idada formacé&o dcarbonato € obtidaelovalor no qual a linha
de regresséo corta a curva da concordia no intercepto inféoioesta razao, € chamada

defiLower intercept age ( R 2; Nlantano, 2021).

Carbonate dating
(2°?Pb/206pb)]0.: weeeeee---..isochron150Maago ____________|
¥
0 R /o F
Sn- ‘ﬂ‘f&"roq =
~ ~‘. 2
E : 0‘7@, ¥
E 0O
1
\\ '\bgq =
Ay Concordia %, 150Ma
238U!2°6Pb

Figura2. Geocronologia LPb em carbonatos e diagrama da ¢otia de TeraWasserburg associado. A
esquerda: imagem petrografica de uéide. Os quadrados roxos representam os pontos de analise. A
direita: diagrama da coaalia de TeraWasserburg. Cada elipse roxa representa uma Unica analise e os
respectivos valores das raz8&6)/2°Pb e?“Pbf’%Pb. O eixo maior e o eixo menor das elipses indicam as
incertezas de cada uma das duas razdes medidas. Em condi¢des ideaisiento da cristalizacdo, as

razdes isotépicas U/Pb sdo heterogéneas e a razdo Pb/Pb é homogénea, resultando em uma linha de
regressao horizontal (a is6crona, marcada pela linha azul pontilhada). Conforme o tempo passa e 0 U decai
para Pb radiogénico, ahia de regresséo inclis& e corta a curva da candia em uma posicao que indica

a idade da amostra (o intercepto inferior). O intercepto superior entre a regressdo e o0 eixo y representa a

composicéo inicial d&®PbP’Pb do mineral (Montano, 2021).

Pa@& obter uma robusta e significativa idade em uma amostra de carbonato, alguns
prérequisitos devem ser atendidos: 1) a composicdo inf€i@bF°Pb deve ser
homogénea; 2) deve haver um espalhamento no valor da razdo isotdpica- is6topo
mae/isotopdilho e é preferivel que esta razéo tenha valores altos; e 3) o sistema isotopico

deve permanecer fechado. Os dois primeiros requisitos dizem respeito ao comportamento
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do U e de seus isotopfiho em sistemas aquosos e a captura deles pelos carbonatos. A
complexdade dos sistemas carbonaticos pode facilmente resultar em heterogeneidade
isotépica de Pb ou na homogeneidade da r&2a6°%Ph. Atualmente, as circunstancias
parao sequestro heterogéneo dee para a rejeicdo de Rbm carbonatos nédo sao
totalmente compreendidos, o que dificulta um bom resultado de datacdo. Outro fator
fundamental a ser considerado é o impacto da diagénegedpimodificar a composicao
isotépica primitiva e, portanta, idade (Rasbury et al., 202pntano, 2021).

Nos ultimos anos, estudos focados na geocronologia de carbonatos e na incorporagao
de Ue Pbem carbonatos tém aumentado (Rasbury & Cole, 2009; ielat, 2003,
Robertset al, 2021; Miyajimaet al, 2020).

Por exemplo, é sabido que dation PB* é relativamente insolGvel e reativo a
particulas, e em fluidos naturais este cétion € encontrado em baixas concentragfes (ppt
ppb), possibilitando altas razées Ca/Pb (Rasbury & Cole, 28p8kar do raiabnico
ligeiramente maior do Pbem rehc¢ido ao C4 (Shannon, 1976; Rouét al, 2004), ele
possuiafinidade pela calcitsubstituindo o C4 na rede cristalinarincipalmente como
um complexo de esfera interna (Rasbury & Cole, 2009).

A incorporacdo de U em carbonatos, por sua vez, € unegsmanais complexo e
menos compreendido do que a incorporacdo de Pb. A especiacdo de U no fluido esta
ligada as condi¢Bes redox de baixa temperatura do fluido, enquanto a solubilidade do U
depende principalmente de Eh e pditkhammer & Palmer, 1991; Sed€olominaet
al., 2018. O U tem dois estados de oxida¢do comumente identificadb@ndis comum
em condi¢des redutoras) €'ymais comum em ambientes oxidantésy: tem um raio
ibnico semelhante ao do €40.89A, Shannon, 1976) e entdo poderia ser incorporado
nos carbonato€ontudo, U* é insollivel em sistemas naturais eséalmente capturado
por outros minerais que precipitam em ambientes redutores, como a uraninita, por
exemplo.Nenhum experimento laboratorigalizado em baixa tempgurademonstrou
a incorporacéo de ¥Yem carbonatos, porém: 1) elevadas concentra¢des de U ocorrem
em carbonatos naturais com a forma reduzida @e.d¢) Klinkhammer & Palmer, 1991;
Sturchioet al, 1998; Coleet al, 2004) 2) concentragdes progressivamente altas de U
foram detectadas em depdsitos profundos nas Bahamas, onde outros parametros
geoquimicos (Mo, V, Cr e Co) sugeriram condi¢des fortemente red(Wray et al.,

2018; e 3) concentracfes particularmente altas de rdnfodetectadas em cimentos

precipitados a partir de aguas subterraneas anoxicas profundas (Drake et al., 2018).
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Portanto, condi¢des redutoras deymomover a corgtracao de Uma carbonatos. Uma
possivel justificativa para a incorporacadfé em carbonts foi proposta por Rasbury

et al. (2021). Bseandese nas altas concentracdes de U encontradasifaaddcustres

da Formag&o Barstow e nos carbonatos de Mono Lake, os autores sugerirabfjue o
pode ser complexado com algum oxianion (um fosfato ou bicarbonato, por exemplo) no
fundo do lago e entdo incorporado ao carbonato durante a formacao. Conclusivamente,
parece que b** é a espécie mais estavel de U em carbonatos (Roberts et al., 2021).

Em ondi¢bes oxidantes, o°®Uexiste na forma do complexo uranila (80
(Langmuir, 1978) e é mais soltvel que .U fon uranila € maior que os sitios doAJO
e do C&". Assim, devido ao seu tamanho maior e a sua maior solubilidade em fluidos
naturais, o éendimento da ocorréncia do ion uranila em carbonatos € um desafio antigo.
Kelly et al (2003) e Reedeet al (2001) demonstraram qgue ion uranilapode ser
singeneticamentacorporado em carbonatos no sitio do ioR"Csendo uma captura
iGnica duradoura e que promove uma distorcéo na estrutura cristatiadbdaato (Kelly
et al, 2003; 2006).

Minerais ricos em uranila e em U (uraninita, por exemplo) formados em condi¢des
redutoras também podem ser adsorvidos pela superficie da rede criStatnodl et al.,
1992, Geipelet al, 1997, Elzingaet al, 2004, Rihset al, 2004).Este processo de
adsorcao é influenciado pela especiacéo Hppgla concentracdo de Ca nodinj pelo
pH e por processos biogeoquimicos. Em particular, quando o pH > 7, a porcentagem de
U* adsorvido por complexos de esfera interna diminui fortemente, enquanto sob pH mais

acido a adsorcéo do*Uaumenta (Elzinga et al., 2004).

Diferentes pseudomfms de carbonato também s&o caracterizados por diferentes
concentracdes de Sabese que a incorporac@le Ué maior em aragonita > calcita com
alto teor de Mg > calcita (Chung & Swart, 1990; Reedeat, 2001). Isto é possivelmente
devido a uma incompidilidade de tamanho entre U e Mg que € maior do que aquela
entre U eCa (Rasbury & Cole, ZIB). Em relacdo a dolomita,enhum estudo
experimentafoi publicado sobra incorporacdo de U edolomitas. No entanto, devido
as estruturas semelhantes, esperajue a dolomita incorporeoncentracdes dé&

similares as das calcitas com alto teor de(Rlasbury et al., 2021).

Embora ndo esteja claro como a interacdo entre esses fatorescagtande U em

carbonatos, fobbservadogue tipos especificos de carbonatos sdo caracterizados por
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elevaase heterogéneasoncentracdes de,ld concentragcdes mais baixas e homogéneas
de Ph produzindo idades b robustagRasbury & Cole2009 e Roberts et.al021).
Estes sao espeleotemas (Woodhead et al., 2006; Woodlrestdu&, 2019hardgrounds
carbonatos aragoniticos ou geralmente carbonatos que possuem acaguoptaCcursor
(Roberts et al., 2020a; Nuriet al.,2021).

2.2 CONTEXTO GEOLOGICO
2.2.1 Localizacéo daArea de Estudo

A Bacia de Santos localize na regido sudeste da margem continental brasileira,
entre os paralelos 23° e 28° Sul, abrangendo uma area de cerca de 350.000 km? até a cota
batimétrica de 3.000 m (Moreira et al., 2007). A bacia se estende ao longo daldisoral
estados do Rio de Janeiro, Sdo Paulo e Parana, sendo separada da Bacia de Campos, a
norte, pelo Alto de Cabo Frio. Seu limite Sul consiste no lineamento formado pelo Alto
de Florianépolis, feicdo que a separa da Bacia de Pelotas (Bjgura

A area deestudo esta localizada na por¢édo central da Bacia de Santos @Adura
distante do litoral do estado de Sao Paulo por cerca de 310 km e ocupando uma area de
aproximadamente 230 km2 (FigusB). A estrutura do campade Sapinho&onsiste em
um horstalongalo na direcAdNE-SW limitado por falhas normade direcAdNNE que
condicionaram o desenvolvimento de uma plataforma carbonatica ig8adarato,

2018)
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Bacia de
Santos

2;;:220 4 Alto de Cabo Frio

Alto de Florianépolis

Figura 3. (A) Area de estudo localizada na regido sudeste da margem continental brasileira, mais
especificamente na Bacia de Santos. O campo de Sapinhoa (em lil4s) estd na porgdo central da Bacia de
Santos. O poligono amarelo representa o poligono deghr&m magnta, estdo os demais campos de
petroleo.No norte, a Bacia de Santos é separada da Bacia de Campos pelo Alto de Cabo Frio. Ao sul, é 0
Alto de Floriandpolis que separa a Bacia de Santos da Bacia de Pelotas. (B) Detalhe do campo de Sapinho4,

mostrando a dtribuicdo dos trés poc¢os estudados ao longo do campo

2.22 O Pré-sal da Bacia de Santos

A Bacia de Santos foi formada devido a quebra do supercontinente Gondwana durante
o Cretaceo Inferior em torno de 1380 Ma (Karner et al., 2021; Rangel et al., 1994).
Esta bacia esta localizada na por¢cédo sudeste da margem atlantica brasileira, lonitada a
sul pela Bacia de Pelotas através do Alto de Florianépolis, e a sua parte norte é limitada
pela Bacia de Campos através do Alto de Cabo Frio, cobrindo uma area de

aproximadamente 350 mil km2 (Ariza Ferreira et al., 2019).

A Bacia de Santos é classificadamo uma bacia de margem passiva, que inclui o
estagio sirfrifte (Hauteriviancao Barremiano Superionp qual os basaltos da Formagéao
Camborit marcam o inicio da fase rifte e representam o embasamento econdmico da
Bacia de Santo&hang et al., 1992; Mwiak et al.,2008) Com a evolucéo gradual do
rifteamento, a Fm. Camboril foi sobreposta pelos depésitos Hmistres das
formacdes Picarras e Iltapema, compostas por arenitos, siltitos e folhelhos de composigéo
talco-estevensitica e por coquinas ictadas com folhelhos, respectivamente (Moreira
et al., 2007). A contracao termal da crosta resultou em subsidéncia e colapso de domos
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crustai s, gerando bacias do ti paaifteBagago
composto por depositos barremoaptianos da Formacdo Barra Velha, associados a
adguas lacustres saturadas e alcalinas (Wright & Barnett, 2015); e por evaporitos da
Formacéo Ariri que foram depositados em um cenario paleogeografico semelhante a um
golfo com aguas altamente salinas lp 8m balanco hidrologico negativo (Chang et al.,
1992). A sequéncia drifsompreende carbonatos plataformais e arenitos de 4guas rasas,
efolhelhose arenitos turbiditicos de dguas profundas (Moreira et al., 2007; Gomes et al.,
2012; Arienti et al., 2018Yeves et al., 2019).

A porcao superior dadfmacao Barra Velha, que € o foco deste estudo, compreende
trés principais componentes e facies relacionadas: (1) carbonatos laminados com
granulometria de argila (os mudstones); (2) particulas milimétricasocomato esférico
(esferulitos; spherulitestones) e (3) particulas milimétricas a centimétricas com formato
semelhante ao de arbustos (shrubs; shrubstoBesgs constituintes frequentemente
ocorrem retrabalhados, formando grainstones, packstones@®mesDe acordo com
Wright & Barnett (2015), a argila, osferulitos e os shrul{e as suas respectivas facies
relacionadas), ocorrem em intervalos de padrdes cic@base para o topo do ci¢lo
ocorremargila e mudstors esferulitos e spherulis¢éones (podendo ocorrer com argila
intersticial) e shrubs e shrubstones (também podendo ocorrer com argila intersticial e
com particulas de esferulitos). Basstoal. (2021) compilaram elementos de diversos
estudos sobre os carbonatos do-gaée propusam um novo modelo dos ciclos,
semelhante ao ciclo proposto phright & Barnett (2015)mas considerando as facies
retrabalhadas grainstones e packstones intraclasticos ocorrendo nas por¢cdes
intermediarias dos ciclpg com grainstones, rudstones e shtoibes marcando o topo

dos ciclos.

A evolugéo tectonsedimentar da Bacia de Santos, segundo Moreira et al. (2007),
identifica seis principais discordancias dentro da sequéncia ekalp(BiguradA). As
duasprimeiras discordanciasdo a base e o topo dos basaltos da Formagdo Camborit. A
seguinte, conhecida como Discordancia-Ro&ia (DPJ), limita a Formagéo Pigarras.
Sobrejacente a DPJ, encorte@ a Formacdo Itapema cujo topo € limitado pela
Discordancia Prélagoas (DPA). Estaltima discordancia marca a base da Formagéo
Barra Velha, que é dividida em dois intervalos: Barra Velha Inferior e Barra Velha
Superior; esses intervalos s&o separados pela Discordancialagoas (DIA) de 117
Ma (Moreira et al., 2007) e correspondes fases shrifte e sag, respectivamente
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(Moreira et al., 2007; Wright e Barnett., 201A)base do sal marca o limite superior da

Formacéo Barra Velhaepresentando a discordandsgbase do s@Moreira et al., 2007).

2.2.3 ldades de Magmatismo na Bacia de Santos e de Hidrotermalismo no

Sistema Présal.

Ao menos quatro eventos magmaticos foram identificados na Bacia de Santos
(Moreira et al., 2007; Gomes et al., 2015; Oliveira et al., 20Q3vento mais antigo,
Camboriu(~130 Ma, Moreiraet al.,2007), é relacionado ao estagio rifte. Essas rochas
sdo contemporaneas com o derrame basaltico continental {Edeacieka e com o
enxame de diques Serra do Mar, no sudeste do Bradil (132 Ma, idadesAr/*°Ar em
plagioclasio e em rocha totgbuede<t al.,2005; Thiede& Vasconcelos, 2010; Gomes
& Vasconcelos, 2031

Os basaltos toleiticasarremianeaptianos do pésfte, datados de2b,5 + 0,7 Ma
por Rancaret al.(2018)sdo contemporaneos aos basaltogldda BarremianAptiana
(1274 £ 23 Ma) da Bacia de KwanzgTrittla et al., 2018).Esse magmatismo
BarremianeAptiano da Bacia de Santos esta assogmhcipalmentecom aForma@o
Itapema(Rancan et al., 2018). Os eventos magmaticos deif@gtambémincluem
diabésios toleiticos e alcalinos de idade entre ~113 Ma e ~12Bldfairaet al.,2007):
os eventosTupi (~120 Ma), Parati (~115 Mag Sul de Santos (~113 Ma)Esse
magmatismo do Aptianesta associado com as formacfes Barra Velha e Itapema e, em
escala regional, com a Discordancia lratagoas (Ren et al., 2020). Recentemente, Hunt
et al. (2021) mencionaram um magmatismo mais jovem que o Rlaaininadd?6s
Parati Picinguaba, que ateu no campo de Bacalhau (Bacia de Santag)back et al.
(2023) reportaram idades de basaltos toleiticos no campo de Bacalhau variando de 116 a
109 Ma fFigura4B).

A atividade magmaética foi acompanhada por uma ampla alteracdo hidrotermal que
afetou os hsaltos e a sucessédo carbonatica. Idades de alteracéo hidrotermasalo pré
foramobtidasem rochas das bacias de Santos, Campos e Kwanza. Na Bacia dg Santo
Rancanet al. (2018) obtiveram uma idad®@Ar/3°Ar de 114,3 + 1,1 Mam alteracio
hidrotermalde um basalto toleitico. Uma idatfar/3°Ar mais jovem d&9,9 + 0,45 Ma
do Eoceno, também foi obtida por Ranedral.(2018) em uma alteracédo de rochas da
suite alcalina do Santonias@ampaniano. Ja na Bacia de Campos, atividattetermal
foi datada por meio de datac#ar/>°Ar em adularia, obtendo idades H@7,0 + 1,0 i
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1043 + 08 Ma (Tritlla et al.,, 2018)enquanto na Bacia de Kwanza, duas idades de
alteragcbes hidrotermais em basaltos foram obtidas por letrah (2018): umaidade
40Ar/*9Ar mais velhado Aptiano Superior, de 114452,9 Ma; e uma idade albiana mais
jovem, também pdt®Ar/*°Ar, de1069 + 1,6 Ma(Figura4C).

A Bacia de Santos também foi afetada por um magmatismo mais jovem associado
ao estagio drifte: os magmatismos Santon@ampaniano (82 Ma; “°Ar/3°Ar; Oreiro,
2006; Rancan et al., 20118 do Eoceno (49 Ma; “°Ar/3°Ar; Dias et al., 1990; Rancan et
al., 2018). As idades publicadas do magmatismo Santon@ampaniano sdo &2 + 1
Ma (Szatmari, 20019 de83,3 £ 066 Mai 724 + 49 Ma (Rancan et al., 201&s idades
do magmatismo do Eoceno, por sua vez, s&B8@Ma (Szatmari, 2001941,06 + Q02
Maa38,62 + Q02 Ma (Louback et al., 2021sses magmatismos relacionados ao estagio
drifte compreendem principalmente rochas alcalinas vulcanicas entre as sequéncias
sedimentares do pwal, e rochas intrusivas que cortam as rochas sedimentaress#b pré
(Moreira etal., 2006).

2.2 4 ldades de Deposicao de Carbonatos e de Diagénese nas Bacias de@lré

Idades de carbonatos de constituintes despléoramobtidaspor datacdo LPb
através de técnica®molLA-ICP-MS e ID-TIMS (Goudeau et al., 2021; RocheBates
et al., 2021; Lawson et al., 2022; Rochdlgtes et al., 2022Fasesalciticasda porcdo
superior da Formagéo Barra Velha datadas por RodBatkset al. (2022) geraram
idades de 107,0 £ 27,2 Ma e 113,0 + 15,3 Ma glamabs Em esferulitos, as idades foram
de 1076 £ 51 Mae 77,0 £ 112. Essesautores entdofeuniram os dados da populacéo
maisantigade calcitaprimérig obtendouma idade dé14,0 + 134 Maparaos shrubse
uma idade d&069 + 43 Mapara todassparticulagle calcita(shrubs e esferulitos)

Fases de dolomita também foram analisadas por Rodeiset al.(2022), obtendo
idades de 58,0 N 4,6 Ma eolohi®aedaradoldta 3 Ma
romboédrica, respectivament@awsonet al.(2022) também publicou idades dePb em
carbonatos da porcéao superior da Formacao Barra Velha, obtidas pGPLAS. Tais
idades variaram de 114 + 4,72 M&8,85 + 10,74 Ma, e uma dis& por IDTIMS
produziu uma idade del583 + 156 Ma.Lawsonet al.(2022) interpretaram essas idades
como nado deposicionais, exceto pelas idades d831#5156 Ma, 114 + &42 Mae
10973 £ 926 Ma RochelleBateset al. (2021) publicaram idades de veios de calcita
(86,2 + 2,4 Ma) e de veiogdlolomita(56,8 + 48 Ma)na Bacia da Namibidana Bacia
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de KwanzaGodeatet al.(2021)publicaram idades de 11120 Ma para veios de calgit
de 115 90para dolomita romboédiagervasiva92 Maparaveios de calcedbnia; e uma
idade de8545 + 95 Mapara cristais de calcita preenchendo porosidade vugular (Figura

4D). A tabela com os dados utilizados para os histograméiguarad estao disponiveis

Nnos anexos.
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Figura4. (A) Secao estratigrafica do Cretaceo Inferior da Bacia de Santos (adaptado de Moreira et al.,
2007). (B) Histograma de idades de eventos magmaticos na Bacia de Santos. (C) Histograma das idades de
eventos de hidtermalismo no pr&al (dados das bacias de Santos, Campos, Namibia e Kwanza). (D)
Histograma de idades deposicionais e de diagénese registradassab (pigddos das bacias de Santos,
Namibia e Kwanza). Os dados utilizados para a construcdo dos histogsdéitadisponiveis nos anexos

e sdo das seguintes referéncRschelleBateset al.(2021); Godeau et al. (2021); Rochdllates et al.

(2022); Lawson et a(2022); Moreira et al. (2007); Szatmari & Milani, (2016); Trittla et al. (2018); Loma

et al.(2018); Rancan et al. (2018); Louback et al. (2021); Godeau et al. (2021); Rd&3Atekeet al(2021);

Louback et al. (2023); Gordon et al. (2023); Oliveiral e{2923).
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CAPITULO 3
3.1 MATERIAIS E METODOS
3.1.1 Correlagéo por Perfis de Raios Gama

A correlacéo dos pocos foi realizada considerando o perfil de raios gama dos trés
pocos estudado8-BRSA-923A-SPS 9-BRSA-928 SPSe 7-SPH6-SPS FigurabA). A
correlacdo é importante porque os testemunhos foram amostrados em diferentes partes da
porcao superior dBm.Barra Velha. Por exemplo, no poco 928 foram amostrados ~ 200
m de um intervalo quase continuopate superior da Formac8&8arra Velha; ngoco
923A foram amostrados aproximadamente 15 metros; e no poc6 falPdkin amostrados
~30 m. Portanto, para fins de comparacao, -gegaber se os intervalos amostragdas

correlacionaveis
3.1.2 Petrografia

Trinta e quatr@mostras foramoletadas de 3 testemunhos descriBeBRSA-923A-
SPS 9-BRSA-928 SPSe 7-SPH6-SPS da porgao superior da Formacéo Barra Velha
(Figura 5B). Dessas amostragpram observadas e descriti@sninas delgadas com
espessura de 120n com o auxilio do microscépixioscope bda ZEISS. Das amostras

de laminas delgadas, 15 foram selecionadas para analisBhl@situ por LAICP-MS.
3.1.3 Imageamento por QEMSCAN

Mapas mineralogicos detalhados foram obtidos usandoQuanta FEI 650F
acoplado a um microscopio eletrénico de varredura com dois detectores de energia
dispersiva. As laminas delgadas foram revestidas com carbono e o equipamento foi
configurado com uma camte de 1A e uma voltagem de 15kV, para a geragéo de
mapas com resolucdo dE) € m As analises foram realizadas no QEMLab da
Universidade de Brasilia. As imagens QEMSCA&judaram nadistincdo de
caracteristicas petrograficagelacdes de substituicao, incluindo alteracdes diagenéticas

de constituintes primarios e cimento
3.1.4 Geocronologia UPb em Carbonatos

Dados de tPb foram obtidos no laboratério de geocronologia da Universidade de
Brasilig utilizando oEspectrometrale Massas Multicoletor de Alta Resolugdadermo

Scientific Neptune XTacoplado a um sistema de ablacdo a |Asedyte Excite da
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TeledyneAs massas de interesse foram medidas em um espectromeirasda mukHi

coletor O sistemade ablagéo a lasesta equipado comma camara de volume dupla
HelEx Il. O espectrometro de massa ¢oinfiguradopara melhorar a sensibilidadesd

sinais de U e de Pb enquanto minimiza a producao de 0xidos antes de cada sessao analitica.
Cada andlise consistiu na medic&dl@ s de sinaledfundo, seguida por 20 s de aquisicao

de sinal da amostra. As massas (202, 204,-228 232, 238) foram medidas
simultaneamente utilizando uma combinacao dos seguintes detectores: copos de Faraday,
multiplicadoras de elétrons secundari8&M), e multiplicadores de elétrons de diodos
discretos compactos (CDD). As condi¢des do laser incluem um diametro do f&%e de
um, frequéncia dd.0 Hz, e fluéncia de 4.0 J/&nO dado bruto foi processado huite

4.0 (Paton et a).2011)como sinal resolvido no tempo, e a inspecao individual do sinal
foi feita com o auxilio da ferramentazualAge(Petrus& Kamber 2012) A reducédo dos

dados foi feita utilizando o esquema de reducéo de d#domPbineque leva em conta

o Pb comumvariavé no material de referénci@Chew et al. 2014), e as correcdes
incluiram subtracadebranco, correcdo deacionament@ medida que ocorre a ablagéo
usando um modelo exponencial + linear, e normalizacédo pela daleitaut Canyon
(Roberts et al., 2017Q valor de Pb comum usado para ancorar o dado fyB8et Q04
(Roberts et al., 2017). A calcita da Formacéao Barg@uole et al., 2005; Rasbury & Cole,
2009) foi usada como controle de qualidade. Excesso de varianciaatierial de
referéncigprimario foi propagad em cada ponto analitichcerteza sistematica de cerca

de 1% foi propagada em cada idade final. Nenhuma correcdo de Pb comum foi aplicada.

As idades s&o cotadas em intervalo de confianga de 95%.

Apoés a reducdo dos dados, o IsoplotR (Veermesch, 2018jilfesado para plotar
dados UPb emdiagramas daoncoérdiado tipo Tera Wasserburg. Todas as idades sao
valores de onde a regresséo linear coriaterceptoinferior (o eixo 228U/?°Ph) dos
diagamas da corirdia TeraWasserburgdentro de unmtervalo de confianca d&s e a
qualidade do ajustda regressédo linea@ avaliada usanda estatistica quguadrado
reduzidaconhecida na geocronologia coMeanSquared WeightedDeviation(MSWD).
Osvaloresclaramentadiscrepantes sdo provavelmente uma consequéncia da analise de
inclusdes, fases diferentes misturas e esses dados sao rejeitados nas regrgss@es
calculo dadade. Quando o diagrardaconcordiaé tracado no IsoplotR, duas ineaas
saocalculadas para a idadétida Por exemplo, o resultado aparece assim: idade = x +

y (] z), onde x é a idadmlculada naoncordia(em Ma); y é o erro padrdo de x ou a
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incerteza analitw de x (en2s); e z é o erro padrao de x multiplicado poMSWD para

levar em conta qualqueplsradispersdo. Na verdade, z s6 é medido e recorramnda
consideraz como a incerteza da idade se houver sobredispersao nos dados, ou seja, se 0

valordo MSWD diferir consideravelmente de 1,0 (Veermesch, 2018).
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Figura5. (A) Correlagdo estratigraficantre os pogos estudad@mr meio de perfilde raiosgama. O

poligono roxo tracejado representa a porcdo amostrada do poco 923A. O poligono Vermelho tracejado
representa a porcdo amostrada do poc¢o 928. O poligahtrazejado representa a por¢cdo amostrada do

poco SPH6. A linha tracejada laranja representa a base do sal. A linha azul tracejada marca a Discordancia
Intra-Alagoas. O poligono lilas marca a correlacdo entre a por¢cdo amostrada do poco 923A, que
correspade aos 15 metros imediatamente abaixo do marco Lula, com os 30 metros superiores da por¢éo
amostrada do poco 928, que provavelmente engloba o mesmo ou nivel estratsgratditante que o
amostrado peléestemunho 923A0 poligono azul marca a correlagéiotre a parte amostrada do poco
SPH6, que corresponde entre cerca de 100 m a 140 m de profundidade abaixo da base do sal, com a por¢éo
intermediaria amostrada do poco 928 que provavelmente compreende um intervalo estratigrafico
semelhante aquele comprdato pelo testemunho SP& (B) Perfis estratigraficos da porcao superior da
Formacao Barra Velha, amostrada pelos trés poc¢os estudados. A linha tracejada vermelha marca a divisao
do testemunho 928 em duas partes: (1) a se¢do superior, localizada den2® metros logo abaixo da

base do sal, que provavelmente estd em uma posicéo estratigrafica similar a do testemunho 923A; e (2)
uma secdo intermediaria do testemunho 928, localizada entre 100 m e 150 m abaixo da base da Fm. Ariri,
e gque provavelmente gesponde a uma posi¢do estratigrafica semelhante aquela na qual o testemunho
SPH6 foi amostrado. Os poligonos vermelhos marcam locais de houve amostragem para anali®es de U

em carbonatos
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CAPITULO 4
U-Pb Dating of Carbonate Rocks From the Upper Barra Velha

Formation: Implications for the Geological History of the Santos Basin

J.P.SBrito®", R.V. Santog C.J Abrel?, P.L Barbosa, G.Q Gongcalves, C.E.S
CruZ, C.A. Ushirobird, V.S. Souzg, F. Richtef

aUniversity of Brasilia, Institute of Geosciences, Graduate Program in Geology.

*corresponding authofoao-brito.jo@aluno.unb.br

Highlights
APrimary calcite underwent-Bbreplacement

AMicrocrystalline and fine dolomite rhombs registered the first direBbUBarremian ages of
the Barra Velha Fomation carbonates

AU-Pb carbonate ages are related to tectbramal events that affected the Santos Basin and
other Presalt kasing

AAn age spatial relation exists between the studied wells;

AThe mineralogy of the particles and their physical properties, such as porosity and permeability,
have a huge influence on theRlb ages.

Abstract: Depositio, diagensis, and chronologgf Upper Barra Velha carbonates are sulject

of interestas these themes are still being properly understdocelucidate the chronology of
these events and to understand how tHebUsotopic system works in carbonataerals we
presentan integratedtudy of conventional petrography, QEMSCAN imaging, and in sii2bU
dating of carbonate samples from wells A, B and C of the Zeta field, in the central part of Santos
Basin. Our results span three main geochronological intervals: 2B2NI4, ~116/114 Ma, and
~105/100 Ma. Calcite primary particles from wells A and B underweiftbWeplacement
resulting in ages of ~BMa. Otherwise, similar particles from well C exhibited ages around 115
Ma. Considering that the younger ages obtainedvétis A and B overlap magmatic and
hydrothermal events in the psalt, we suggest that a nearby heat source drove the hydrothermal
system. However, thyoungereventnot affecedthe age®f well C. Concerning dolomites, they
showed thathegeochronolgical replacementf particles may not be a pervasive effect, but may
depend on fluigrock interactionsmineralogyporosity and permeabilityf geological materials

For instancethe nonporous, nofpermeable, and less reactive dolomitic aggregates mare
affected by UPb replacementIndeed, primary microcrystalline and fine dolomite rhombs
recorded the firstlirect Barremian ages dhe Barra Velha carbonateRegarding secondary
dolomites, they were separated in pre and-piistfication dolomites The former occuw as

BarremianAptian ~124 Ma microcrystallineand fine dolomite rhombs; as ~T1i 108 Ma
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lamellar andgervasive rhombohedral dolonst@and as pseudomorphic dolomites that underwent
U-Pb replacementuring the AlbiarCenomanian. Posilicification dolomites have ages of ~
100 Ma and are represented by later diagenetic cements like blocky and saddle dolomites. The

latter temporally limits a silicification event as older than 100 Ma.
Keywords: U-PbreplacementCarbonate dating@arra Velha FormatigrFluid-rock interaction

4.1INTRODUCTION

The origin, diagenesis, and hydrothermal processes of carbonate rocks that host
the Brazilian presalt oil reservoirs have been debated by many recent studies (Wright
and Banett, 2015; Souza et al., 20Fagrias et al., 2019; Lima at., 20209 Carvalho and
Fernandes; 2021; Rebelo et al., 2028, these reservoirs may be considered- non
conveitional deposits, with very feyood modern analogand uniquecharacteristics.
Therefore, tectonic, petrographic, sedimentological, stratigraphic and geochemical
informations are helping to unravel the peculiarities of this complex geological system.
For instance, the radiogerfitSr£Sr ratio of these carbonaté8.7111 0.7141; Pigzsch
etal., 2018; Farias et al., 2019; Limaagt 2020; Lawson et al., 202@pints toa non
marine depositional environmentwhich the facies pattern was influenced by taee|
oscillations and by a substrate with paleghs and paletows (Wright and Barnett,
2015;De Paula Faria et al., 2017

Shrubstones and grainstones are facies formed durindal@Mevel conditions
whose have porosity and high permeability, comprehending the best hydrocarbon
reservoir rocks from the Upper Barra Velha Fation of the Santos Basin. Facies with
low porosity and low permeability such as mudstones are not good hydrocarbon
reservoirs and are supposed to be formed in-lailgh level conditions (Wright & Barnett,
2015). The complexity of facies from the Barra MeFormation comprises also another
lithologies such as spherulitestones, rudstones, packstones, travertines, dolostones, cherts,
and breccias (Wright and Barnett, 2015; Souza et al., 2018; Gomes et al., 2020; Carvalho
and Fernandes; 2021; Rebelo et &23).Nevertheless, it is not just the facies that make
these carbonates so complé&ke impacs of dissolution, silicification and dolomitization
events, among other diagenetic effeetis very significative They modifythe Barra
Velha carbonates froniné¢ moment of their depositipgoingthrough several cycles of
alteration during burial (Herlinger et al., 2017; Lima and De Ros, 2019; Lima2020).

The depositional environment, with its unique characteristics of high alkalinity, high
concentratiorof silica and magnesium, and high evaporative conditioriegether with

37



the absence of good modern analogs fortofsag lacustrinearbonate® alsomakes
difficult to understad the sedimentary dynamics, climate conditions, tectonic context,
waterchemistry, and depositional predict ability of faarethe Aptian presalt(Carvalho

and Fernandes, 2021).

The chronology of the Barra Velha Formation is also a controverse subject a
Moreira et al. (2007) put the Upper Barra Velha Formation within the interval of 117
113 Ma and Lawson et al. (2022), based on direBtbltating of carbonates from the
Upper Barra Velha Formation, suggest a depositional afj#58 + 1.62s)Ma for this
unit. On the other hantjostratigraphic and chemostratigraphic studiesh as the one
from Tedeschi et al. (201pJace the top of the Barra Vellr@rmationbelow ~120 Ma
or below ~125 Ma, according to different age calibrations of Malinverno €Gl0) or
Ogg et al.(2012)for the Aptian Ocean Anoxic EvertOAE 1a). Another study, from
Pietzsch et al. (2020), proposes an older Late Barremian alternative maximum
depositional age for the Barra Velha Formation carbonates. As such;,Rhedbking ©
the Barra Velha Formation constituents is essential to establish a chronology of events in

the presalt system.

Carbonate mineralsuch ascalcite, dolomite, aragonit@and magnesite can be
crystallized in diagenetic, magmatic, sedimentary, metamor@md, hydrothermal
processesThese mineralsan accumulate uranium during their formation, making them
useful for U Pb geochronology (Rasbury and Cole, 2009; Roberts et al., 202&e
carbonateszirconis amineralthat iscommonly used as a-Bb chronometer becauge
incorporates amounts &f at the site oZirconium ion (Zr) and virtually no P@uring its
crystallization. Thismeans that most of the Pb occurring in zircogstalshas a
radiogenic originMezger and Krogstad, 199¥ontano, 2021)On the other handhé
mechanisms for U aniéb incorporation anteplacemenin carbonates during deposition
and diagenesis are not well understood because they do not rely on determined partition
coefficients, but on a large number of phenomenological variabtese include trace
element availality, calcite growth rate, temperature, pH, Eh, p&@d the C&/CO; >
ratio in solution, ionic size, and U complexation (Roberts et al.])2@%so, alcite is
typically low in U and rich in initial Phit is susceptible to alteration or recrystallization
at low temperaturesn the presence of fluigandallows Pb diffusion above moderate
temperatureg§Cherniak, 1997). Henceahe process of arbonate formatiorcan be
complex and longived (Rasbury & Ca#, 2009) Then, thequestion when it comes to
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carbonate datingarises as to whicgeological event is being dated (Rasbury & Cole,
2009; Drostet al.,2019; Robertet al.,2020)

Thedating of carbonates Baeen carried out using isotope dilution (tibgrmal
ionization mass spectrometry (TIMS) or inductively coupled plasma mass spectrometry
(ICP-MS) (Smith and Farquhar, 1989; DeWolf and Halliday, 1991; Brannon et al., 1996;
Rasbury et al., 1997; Richards et al., 1998; Woodhead et al., 2006; Pickeding@10).

In recent years, due to the advantage in terms of high spatial resolution and rapid data
acquisition laser ablationnductively coupled plasma mass spectrom@t#-ICP-MS)
hasbecome increasingly popular in carbonates in sitBJdating, ith abroadspectrum

of applications within the geosciencéese applications includihe assessment of
tectonic events and fracturing (Hansman et al., 2018; Nuriel et al., 2019), the thermal
evolution of sedimentary basins (Mangenot et al., 2018; Maaldost al., 2019;
RochelleBates et al., 2022) and fluidck interactions (Li et al., 2014; Godeau et al.,
2018). In the presalt systemU-Pb datingof carbonates from Santos, Kwanza and
Namibe basins (RocheiBates et al., 2021; Godeau et al., 2021¢Hdtle Bates et al.,

2022; Lawson et al., 2022 dicate a wide range of ages that have been interpreted to

different depositional, diagenetic, hydrothermal, tectonic and magmatic events

The samples analyzed were from three wells of the Zeta field, tbicettee Santos
Basin's central part (Figure 1B). In one of these wells (B), located in the center of the
field, an almost continuous interval of ~ 200 m of the Upper Barra Velha Formation was
sampled. In this well, it is possible to observe not onlypti@ary features of the rocks
as shrubs, spherulites, oncolites, and ostracods. Still, it is also possible to notice the
intense diagenesis affected these carbonates as revealed by silicification, dolomitization,
karstification, brecciation, and fractugrevents. Another two wells were sampled and
analyzed, one at the northern part and another at the souwthéhe field. Those
comprehend smaller sampled intervals, with the northern well (C) comprehending ~ 30
m of a continuous interval of the Upper Bakelha Formation, while the southern well

(A) comprises ~ 15 m of cored rocks from the Barra Velha Formation.

This workpresents an integrated study of petrographgntjtativeevaluation of
minerals by scanning electron microscopy (QEMSCAN) imaging, and in situ &b
carbonate dating on samples from three Zeta field Waidisary and secondary carbonate
constituents were dated after being identified amdkquately characterizetly
petrograpic-QEMSCAN imaging study. Weelake the ge and formation of these rocks
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to the geologicakvolution of the Santos Basjrincluding syrdepositional and post

depositional processes related to diagenetic, tectonic, magmatic, or hydrothermal events.
4.2GEOLOGICAL SETTING

The Santos Basiformed during the breakup and extension of the Gondwana
supercontinent in the Early Cretaceous (~138Ma) (Karner et al., 202Rangel et al.,
1994) Placed inthe southeastern portion of tHérazilian Atlantic margin the basin
coversan area ofippoximately 350,000 kmat is limited to the south by the Pelotas
Basin through the Alto de Floriandpolis atite northern parby the Campos Basin
through the Alto de Cabo Frio (Ariza Ferreira et al., 2qE®ure 1A)

The Santos Basin is classifiedaapassive margin basin. It includes three primary
sequences: a synrift stage (Hauterivian to Late Barremian), in which the Camboria
Formation basalts mark the beginning of the rift phase and development of the economic
basement of the Santos Basin (Chanal., 1992; Mohrialkt al.,2008). With the gradual
evolution of the rift system, the Camborit Formation was overlain by the fasistrine
deposits of the Picarras and Itapema Formations, which are dominated by sandstones,
siltstones and shales of¢atevensitic composition and coquinas interlayered with shales,
respectively (Moreira et al., 2007). The thermal contraction of the crust resulted in the
subsidence and collapse of crustal domes, generatintymadasins (Beasley et al.,
2010). The postift/sag interval is composed of Barremiaptian deposits of the Barra
Velha Formation associated to highly saturated and alkaline lacustrine waters (Wright
and Barnett, 2015)and evaporites of the Arifformationthat were deposited in a
paleogeograph scenario similar to a gulf with highly saline waters and negative
hydrological balance (Chang et al.,1992). A drift sequence comprises shaltewshelf
carbonates and sandstones, and -degpr turbidites shales and sandstones (Moreira et
al., 2007;Gomes et al., 2012; Arienti et al., 2018; Neves et al., 2019).

The Upper Barra Velha Formation, the focus of this study, comprises three main
components and facies: (1) mgdhined laminated carbonates (mudstones); (2)
millimetric spherulites (spherulitemes); and (3) millimetric to centimetric shrabaped
particles (shrubstonesYhese constituents armften reworked, forming grainstones,
packstonesandrudstonesAccording to Wright and Barnett (2015), the mud, spherulites
and #rubs occur in cyclipattern intervals with different thicknesses. The cycles, from
base to top, are comprehended by mud and mudstones, spherulites and spherulitestones,
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and shrubs and shrubstones. Basso et al. (2021) comejeleeénts from several studie
on the presalt carbonateand proposed a new cycle model similar to that from Wright
and Barnett (2015), but considering the reworked facies,imtidclastic grainstonesnd
packstones occurring in the middle part of the cyanhel, withgrainstonessudstonesand

shrubstones marking the top of the cycles.

The tectoniesedimentary evolution of the Santos Basin-gak includes five
sequences (i.e. Camborid Formation, Picarras Formation, Ipanema Formation, Lower
Barra Velha Formation, and Upper Barra In&e Formation) separated by five
unconformities (i.e. basalt top, Pd¥muid (PJU), Prdlagoas (PAU), IntréAlagoas
(IAU), and Salt Base (Moreira et al., 2007) (Figure 1C). TheAtagoas Unconformity
separates the rift and pea#t-sag stages; the l@tAlagoas Unconformity divides the
Barra Velha Formation into two depositional episodes (the Lower Barra Velha and the
Upper Bara Velha), whereas the salt base limits the top of the Upper Barra Velha
Formation (Moreira et al., 2007; Wright and Barnet@l5).

4.2.1 Ages of Magmatism in the Santos Basin and Hydrothermalism in the
Pre-salt System

Magmaticeventshave been identified in the Santos Basin (Moreira et al., 2007;
Gomes et al., 2015; Oliveira et al., 2023). An older emamted Cambori{~130 Ma
Moreiraet al.,2007)is related to the rift stage. These rocks @etemporaneous with
ParanaEtendekacontinental flood basal&nd the Serra do Mar dike swarm in SE Brazil
(ca. 1347 132Ma, plagioclase and wholeck “°Ar/*°Ar ages; Guedest al., 2005;
Thiede and Vasconcelp2010; Gomes and Vasconcel@921) They are also coeval
with the 134 + 4Ma Cabilnas basalfsom the Campos basin (wholeock, Ki Ar ages;
Mizusakiet al.,1992).

The postrift BarremianAptian tholeiitic basalts dad at125.5 + 0.7 Maby
Rancaret al.(2018)are contemporaneous to tharBzmiarAptian agg127.4 £ 2.3 Ma
basals fromthe Kwanza Basin (Trittla et al., 2018his BarremianAptian magmatism
of the Santos Basin is mostly associated with the Itapemmag&ion (Rancan et al., 2018).
The postrift magmatism also includeskaline and tholeiitic diabaskated between113
and~120 Ma(Moreiraet al.,2007) Tupi (~120 Ma), Paratj~115 Ma), and South of
Santos (~113 Mavents This Early Aptian magmatisraf the Santos Basis associated

with the Itapema and Barra Velha formations aatdaregional scale, with the Intra
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AlagoasUnconformity (Renet al., 2020). Recently, Hunt etal. (2021) mentioned a
younger magmatism than Parati, festParaty Picinguaba Magmatic Eveotcurring

in the Bacalhau field (Santos Basin), and Louback et al. (2023) reported tholeiitic basalt
ages varying from 116 to 109 Ma in the same area (Figye 1

The magmatic activity was accompanied by a widespread hydrothermal alteration
that affected basalts and the carbonate successjes. & hydrothermal alteration in the
pre-salt were dated in rocks frothe Santos, Campeand Kwanza basin#n the Santos
Basin, Rancan et al. (2018) obtained/*°Ar age of 114.3 + 1.1 Ma in a hydrothermal
alteration in a tholeiitic basal& younger*°Ar/3°Ar Eocene age of 49.9 + 0.45 Ma was
also obtained by Rancan et &018) for an alteration in rocks from tl8antonian
Campanian alkaline suitén the Campos Basin, hydrothermal {2@0°C) activity was
dated with adulari&CAr/3*°Ar ages of 107.0 + 1.0 104.3+ 0.8 Ma (Tritllaet al., 2018),
while in the Kwanza Basin, two ages of hydrothermal (c. 140°C) alteration in basalts were
obtained by Loma et al. (2018): an old&kr/3°Ar Late Aptian age of 114.5 2.9 Ma,
and a younger, also B9Ar/3°Ar, mid-Albian age of 106.9 4.6 Ma (Figure 1E)

The Santos Basin has also been affected by a younger magmatism associated with

the drift stage: th&antonianCampanian (ca. 8®la; “°Ar/3°Ar; Oreiro, 2006; Rancan et

al., 2018) and Eocene (ca. 48Ar/*°Ar; Dias et al., 1990; Rancan et.,aR018)
magmatismsThe Santonias€Campanian published ages of this magmatism are 82 + 1 Ma
(Szatmari, 2001) and 83.3 £ 0.66 Md2.4 + 4.9 Ma (Rancan et al., 2018heEocene
magmatism ages are of 48.9 Ma (Szatmari, 2001) and 410082 Ma (1s)to 3862 +

0.02 Ma(1s) (Louback et al., 2021)hese driftrelatedmagmatismcomprise mostly

alkaline volcanic rocks within thpostsalt sedimentary sequencasdintrusive rocks

that cut theore-salt sedimentary rocks (Moreira &@t, 2006).
4.2.2 Ages ofCarbonate Deposition and Diagenesis in the Pigalt Basins

Carbonate ages from the gselt constituents were carried out byPd dating
techniques such as LKCP-MS and IDTIMS (Goudeau et al., 2021; RocheBates et
al., 2021; Lawson et al., 2022; RotleeBates et al., 2022). Carbonate primary phases
from the Upper Barra Velha Formation dated by Rockgd#liees et al. (2022) yielded ages
of 107.0 £ 27.2Ma (2s)and 113.0 = 15.3 Mgs) for two samples of calcite shrubs. The
spherulitic calcites yieldedgasof 107.6 + 5.1(2s)Ma and77.0 = 11.2 M&a2s). The

authors pooled the data from the older calcite population, obtaining an ad4.6f+
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13.4 Ma(2s) for all analyzed shrubs ai@6.9 + 4.3 Ma(2s) for all calcite analyses.
Dolomite phases were also analyzed by Roctgdites et al. (2022), obtaining ages of
58.0 £ 4.6 Ma(2s) and59.2 = 5.3 Ma&(2s) for dolomite bridges and dolomite rhombs,
respectively. Lawson et al. (2022) also reportedICR-MS U-Pb ages in carbonates
from the Upper Barra Velha Formation ranging fraf¥ + 4.7Ma (2s)to 58.8 + 10.7
Ma (2s), and an IBTIMS age of 115.83 1.56 Ma (2s). They interpreted these ages as
nondepositional, except for the 115.83.56 Ma (2s)114+ 4.72Ma (2s) andl09.73
9.26 Ma(2s) ages. RocheliBates et al. (2021) reported younger cal@@2 + 2.4 Ma

2s) and dolomite56.8 + 4.8 Ma2s) veins in the Namibe basin. In the Kwanza Basin,
Godeau et al. (2021) reported ages of-11@ Ma of alcite veins; 115 90 Ma for
pervasive rhombohedral dolomites; 92 Ma for chalceddlyg veins; and an age of
85.45+ 9.5 Ma for vug calcites (Figure 1F). The data used for the Figufe isvailable

as supplementary material.
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Figure 1. (A) Locatiorof the Zetafield in the central portion of the Santos Basin. The yellow polygon
represents the Palt polygon, with the oil fields illustrated in magenta. In the northern part, the Santos
Basin is separated by the Campos Basin through the Cabo FholHlithe south, the Florianépolis High
separates the Santos Basin from the Pelotas Basin. (B) Detail Zdttfigeld, showing the distribution of

the three wells studied along the area. (C) Lower Cretaceous stratigraphic section of the Santos Basin
(adepted from Moreira et al., 2007). (D) Histograiimagmatism ages in the Santos Basin. (E) Histogram

of hydrothermal events ages in the Badt system. (F) Histogram of depositional and diagenetic ages
recorded in the Prsalt systemThe data compiled &m other studies ar@vailablein the sipplementary
material(RochelleBates et a).2021; RochelleBates et a).2022; Lawson et 3l2022; Moreira et al2007;
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Szatmari & Milani, 2016; Trittla et gl2018; Loma et aJ]2018; Rancan et aR018; Louback et gl2021;
Godeau et al2021; RochelleBates et a).2021;Louback et al.2023; Gordon et 312023 Oliveira et al,
2023.

4.3 DATA AND METHODS
4.3.1Well Correlation

The well correlation was carried out considering the gamma rdyoiogthe three
wells studied (A, B, and C; Figure 2). The correlation is important because the cores were
sampled at different parts of the Upper Barra Velha Formation For instance, in the well
B, ~ 200 m of an almost continuous interval of the UpperaBdelha Fm were sampled;
in the well A, ~15 meters were sampled; and in the @elt 30 m were sampled. So, for
comparison purposes, we should know if the sampled intervals correlate with each other.

4.3.2 Petrography

Thirty-four samples wereollected from the three described and studied cores (A,
B and C). From these samples, thin sections with 120 um thicknes®hbsseved and
describedusing hemicroscopeZEISS Axioscope 5Among these samples, fifteen were

selected for carbonate in sitl+Pb LA-ICP-MS analyses.
4.3.3 QEMSCAN Imaging

Detailed mineralogical maps were obtained usan@uanta FEI 650F coupled to
ascanning electron microscopdth two energydispersive (EDSjletectorsWe carbonr
coated the thin sectionsto generlde m r e s o | @ridised the insteument 10
nA current and a 1kV voltage.Mineralogical data for each mineral were presentea as
percentage of mass and surface afemlyses were carried oat the QEMLab of the
University of Brasilia. The QEMSCAN images were beneficial for distinguishing
petrographic features and replacement relationships, including diagenetic changes of

primary constituents and cement.
4.3.4 U-Pb Carbonate Geochronology

U-Pb data were obtained at t@Beodironology Laboratory athe Universty of
Brasilia, Brazi] usinga ThermaScientific Neptune XT sectefield ICP-MS coupled to
an 193 nm Teledyne Analyte Excite laser ablation sysfEne. lsser ablation system is
equipped with a HelEx Il dualolume chamberThe mass spectrometer was tuned to

improve U and Pb sensitivity while minimizing oxide productimioreeach analytical
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session.20 spots of 8% mwere carried out in each analyzed phdsach analysis
consistedof 10 s of background measurement followed by s2@ondsof sample
acquisition Each mass (202, 204, 2268, 232, 238)vasmeasured simultaneously using
a combination of Faradagups SecondaryElectron Multipliers (SEM) and Compact
DiscreteDynodeElectronMultipliers (CDD) detectorsLaser conditions included a spot
diameter of 85 um, 10 Hz, and 4.0 J&rRaw data was processed on lolite 4.0 (Paton
al.,2011) as timeaesolved signal and individual signal inspection \diAgetool (Petrus
and Kamber2012). Data reductiorusing UComPbinedata reduction schem®RS)
accounts for variable initial lead on themarycalibrant (Chew et gl2014) Corrections
included blank subtraction, downhole using an exponential plesarlimodel and
normalization by the Walnut Canyon calcite (Roberts et al., 20h#.initial lead for
anchoring the data was 0.8%.04(Roberts et al., 2017Rarstow Formation calciteas
an age range df4.8 £ 0.3 to 16.2 + 0.2 M&s) (Cole et al., R05; RasbunandCole,
2009) andwas used for quality controlExcess variance on the primary calibrant was
propagated on each analytical poldd common lead correction was applied.

After data reduction, IsoplotR/eermesch, 2018yas used to pldti Pb dateon
Terd Wasserburgype concordia plots.All ages are presented alwer intercept
238Y/2%pp ages that were anchoremsing the common lead composition (the initial
207PpPo%%Pp valug of the respective analyzed constituent (Chew et al., 2@4gBs are
quoted at 2s absolutand thegoodness of fit is evaluated using the mean squaire
weighteddeviation(MSWD). When the Concordia diagram is plotted in the IsoplotR
two calculated uncertainties exist for the age result. For instance, the result appears this

way: age = x £y (] z)where x ighe Concordiaage (in Ma) y isthe standard error of

or the analytical uncertainty of xa{ 29; and z ighe standard erraf x multiplied by~

MSWD to account for any overdispersioiVe considered z as the uncertainty value that
is included in the uncertainty propagation by quadratic addiincess variance and age

uncertainty of reference material are propagated whereaigate

Details about the methodology and dataset are available in the supplementary

material.
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Figure 2.Gamma ray well correlation between the three studied wells. The purple dashed polygon
represents the sampled portion form the wellThe reddashed polygon represents the sampled portion
from the wellB. The blue dashed polygon represents the sampled portion from th€.\ildie orange
dashed line marks the salt base. The light blue dashed line marks th&ldgmas Unconfomity. The lilac
polygon marks the correlation between the sampled part of theAwethich corresponds to ~15 m right
under the Lula mark, with the uppermost ~ 30 m sampled from theByétlat encompasses the same
portion. The blue polygon marks the correlation betweesdéimpled part of the well, which corresponds

to ~100 mi 140 m under the salt base, with the middle sampled part of theBwat probably

comprehends a similar intervalhe red stars mark the stratigraphic position of the samples analyzed for
U-Pb dating.

4.4 RESULTS

4.4.1 Petrography

Samples from the Upper Barra Velha Formation (cores A, B and C) were
described as shrubstones, spherulitestones, grainstones, rudstones, dolostones and cherts.
Calcite primary constituents include particles of shrapierulites, ostracods and peloids.
These constituents may be partially replaced by dolomite or silica. Primary dolomites

occur as laminae of microcrystalline and fine dolomite rhombs affected by silicification.
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The interparticle space is occupied by datenand silica secondary constituents with
different morphologies. We rarely observed calcite cements and remnants of-th@yMg
matrix. There are no major petrographic and mineralogic difference among samples from
these wells. They all have well presedhveonstituents (e.g. shrubs and spherulites) and

diagenetic features such as silicification and dolomitization.
44.1.1 Facies

Shrubsrelated facies are made essentially by particles of shrubs measuring from
a few millimeters to up to 3 cm long (Figure 3A). Shrubstones consist of layers dominated
by shrubs, exhibiting interparticle, intercrystalline, vuggy, and intraparticle ,poftes
interlayered with laminated dolomitic layers. These rocks often display pervasive
dolomitization and silicification features, withrhombohedral dolomite and
microcrystalline silica partially replacing particles and filling pore spaces.
Macrocrystdine quartzalso may fill theinterparticle spacend partially replacethe
shrubs. Other diageneticfeatures includecalcite and dolomite fringes coating the
particles; and blocky calcite, blocky dolomite, chalcedony and quartz filling intraparticle,
interparticle andvuggy porosity.

The spherulitaelated facies are dominated by spherulites particles. Dolomite and
silica occur as microcrystalline dolomite, fine rhombohedral dolomite, microcrystalline
silica, and chalcedony. Microcrystalline dolomitepadalled bridge (Wright and Barnett,
2015) or lamellar (Sartorato, 2018), mimics the laminar habit of thel®g and tend to
contour the spherulite particles (Figure 3B). Dolomite rhombs occupy the interparticle
space in this facies and may also repldeeparticles. Silica occurs as microcrystalline
aggregates and quartz crystals replacing spherulites and microcrystalline dolomite, and
may fill intraparticle and interparticle pores. Silicification and dolomitization also affects

pervasively the sphertik facies.

Reworkedrelated facies include grainstones, rudstones and packstones. They are
formed by intraclasts of shrubs, spherulites, peloids, ostracods and chert, and may contain
basalt lithoclasts. These rocks have a high interparticle porositg abence of cement
(e.g. dolomite, silica, or calcite) (Figure 3C). Rhombohedral dolomite dominates as
dolomite cement, but saddle dolomite crystals rarely also fill interparticle pores. Silica
cement may occur as microcrystalline silica, chalcedony, atngstalline, and

macrocrystalline quartz, filling interparticle and vuggy pores. It may also replace
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intraclasts. Calcite occurs as isopachous calcite cement and macrocrystalline mosaic

calcite.

Dolomitic rocks are formed by intense dolomitization thglaees matrix and
framework particles and fills pores, sometimes obliterating the original fabric of the rock.
They also may be formed by precipitation of primary dolomites marking the rock
lamination (Figure 3D). The dolostones and ditthomite rocks cosist of
microcrystalline to fine rhombohedral dolomite crystals, mostly anhedral and subhedral,
in which the intercrystalline space is low or absent. Dolomitic rocks often exhibit the
Planars texture described by Sibbley and Gregg (1987), in whigstdolomite crystals
are subhedrab anhedral with straightompromisedoundaries anchany crystaface
junctions(Figure 3E). This rock has, in generall porosity low permeabilityand low
intercrystalline matrix Some dolomitgich rocks are laminatedexhibiting soft
deformation (Figure 3D), while others are massive. They may occur as massive dolostone
or as a rock supported by dolomite rhombs with remains of shrubs, spherulites, and ghosts

of intraclasts.

Cherts are pervasively silicified rocks that are composed almost entirely of silica
in different morphologies such as microcrystalline silica, microcrystalline quartz,
chalcedony, macrocrystalline quartz, and by carbonate particles of shrubs, spherulites,
peloids and dolomite phases that may be preserved. Silica minerals often obliterate the

original fabric of the rock, filling pores and replacing constituents (Figure 3F).
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Figure 3. (A) PPL photomicrograptof shrubstonewith well-formed shrubs with the interparticle space
occupied by dolomite rhombSample is 5129.45 from well (8) PPLphotomicrograplof spherulitestone
with lamellar pseudomorphianicrocrystallinedolomite and stratiform silicification. Sample is 5096
from well B. (C) PPL photomicrograpbf grainstone with inteparticle porosity and formed by intraclasts
of spherulites, composite ooids, basalt lithoclastsl chert lithoclastsSample is 5014.75 from well B. YD
XP photomicrograph of laminated, safeformed and partially silicified dolostone formed by
microcrystalline and rhombohedral dolomites. Sample is 5194.50 from well BREphotomicrograph

of dolomitesupported rock composed by fine dolomite rhombs odogpthe interparticle space and
repladng the framework constituentSample is 5124.60 from well C. (KP photomicrograptof a chert
with carbonate particles preserved. Microcrystalline silica occupies the interparticle space and replaces
particles.Macrocrystalline mosaic quartz §lvuggypores.Sample is 5045.25 from well B. Bas: basalt;
Ch: chert; CO: composite ooidol: dolomite; IC: intraclast; MD: microcrystalline dolomite; MMQ:
macrocrystalline mosaic quartz; MS: microcrystalline sjlic®: lamellar dolomite; Shr: shrub; Sph:

spherulite.

44.12 Diagenetic Features

Diagenetic features vary according to the fadre$ine-grained and lowporosity

facies, diageneticmodificationsdo not generate much porositput appear mostly as
replacement features. These features include secondary microcrystalline dolomite that
mimics the laminar habit of the Mglays, with thisdolomite occurrence being frequently
denominated as lamellar dolomite or dolomite bridges (Wright and Barnett, 2015;
Tonietto et al., 2018). Fine to medium dolomite rhombs and microcrystalline silica
replacing the original matrix also occur. In terms ofrsegrained rocks such as
grainstones and shrubstones, they are porous, permeable rocks affected by dissolution,

pervasive silicification and pervasive dolomitization events.

Coarsegrained facies are more frequaniong the studiesmples. They exhibit
avariety offrameworkconstituents, porgypes, and diagenetic constituents. Eodiagenetic
dolomite occurs as microcrystalline pseudomorphic dolomite that replaces constituents
such as ostracods, composite ooid particles andclsigs, preserving the primary
lamination. Early dolomite also occurs as fine to medium rhombohedral dolomite crystals
that occupy the interparticle space by the replacement of a previous matrix or by the filling
of interparticle pores, and this dolomite morplyyl@lso replaces framework particles.
These early dolomites are partially replaced by microcrystalline silica and quartz (Figure
3B). Dolomitization often is pervasive, masking the original fabric of the rock by partially

replacing the matrix and framewotkmponents (Figure 3E).

51



Eodiagenetic silicification also occurs as a pervasive phase. The earliest
microcrystalline diagenetic silica hides the original fabric of the rock, fills pore spaces,
and replaces constituents. Silicification also contributes®formation of moldic pores
that remain open or are filled by microcrystalline silica, microcrystalline quartz,
chalcedony, and macrocrystalline quartz, with the microcrystalline silica to quartz
gradation occurring towards the center of the pore spdwecénter of the pore space
may be filled by later dolomite cements.

Later diagenetic phases are blocky dolomite, saddle dolomite, macrocrystalline
calcite, and macrocrystalline quartz. Blocky dolomite replaces dolomite rhombs and fills
intraparticle, vugy, and interparticle pores. Saddle dolomite crystals are- post
silicification since they fill vuggy pores lined by macrocrystalline quartz in silicified
rocks. They may also fill intrapartickeacture porosity. Macrocrystalline quartz is a late
diagenett phase that fills vuggy, intraparticle pores and fracture porosity. QEMSCAN
images show that microcrystalline silica and quartz crystals replace diagenetic

constituents such as dolomite rhombs. They also show rare macrocrystalline calcite filling

vuggy anl fractureintraparticle poreg¢Figure4A-D).

ﬁi@ B calcite (Mg)
1"’"' -~ [ Dolomite

% | ] Quartz

. Pores

Figure 4. Coupled conventional petrographic stt@¥ZMSCAN imagingto a better understanding of
diagenesis(A-B) XP and QEMSCAM imageof chert with carbonate particles preserdéds possible to
notice thathe quartz crystals are replacing dolomite rhombs and calcite par8elesgle is 5020.10 from
well B. (C-D) PPLand QEMSCANmages of dolomitized grainstone with rhombohedral dolomite filling
pore spaces and replacing calcite paticles. Macrocrystatliogaic calcite fills intrapartictracture
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porosity. Sample is 5100.75 from well A. Dol: dolomite; MC: macrocrystalline calcite; MS:

microcrystalline silica; Qz: quartz; Shr: shrub.

4.4.2 UPb Carbonate Geochronology

Ages of carbonate constituents from tbpper Barra VelhaFormationwere
determined in primary phases such as particles of shrubs, spherulites,, pskoéd®ds
and microcrystalline to fine dolomite rhomt3ata were also obtained in diagenetic
phasessuch as microcrystalline dolomiterhombohedral dolomitdamellar dolomite,
blocky dolomite, and saddle dolomilene age®f particles range from24 + 5 Ma to 82
+ 6 Ma, with the U content varying from 0.2 ppm to 16.1 ppm. The common lead
composition rages from0.788to 0.930 (Table 1). All Ter&Vasserburg concordia
diagrams displaying ¥Pb ages and commdHPb%Pb compositions are available in

the supplementary material.

Most primary particledall within differentage intervad. There is an older interval
with ages ranging betweel?4 + 5 Ma and 122+ 5 Ma. These are, respectively, a
microcrystalline dolomite with a U average value of 7.9 ppm, and a common Pb
composition of 0.788; and very fine dolomite rhombs with U averagesbat 3.7 ppm
and with a common Pb value of 0.820. Indeed, the high U content (an average value of
7.9 ppm) of thd24 + 5 Ma microcrystalline dolomite is an evidence of its primary nature.
An intermediate age interval of calciferous primary particlegesdrom a 116 4 Ma
peloid to al10 + 4 Ma shrub. The highest U concentration (an average value of 16.9 ppm)
of the particles within this intermediate age interval is froid2+ 3 Ma shrub with a
commom Pb value of 0.810; while the lowest U averageevél.1 ppm) is recorded in
the 110 £ 4 Ma shrub that has a common Pb composition of 0.850. A younger interval
exhibit ages ranging frorh05 + 3 Ma to 82 £+ 6 Ma. The former is a shrub with a U
average value of 1.8 ppm and a common Pb composition of \8i1e,the youngest
primary particle is a shrub that has an average U content of 0.6 ppm and a common Pb
value of 0.858 (Table 1; Figure 5).

Regarding the ages, U values, and common Pb composition of other calciferous
primary particlesthere is the 116 4 Ma peloid. It has an average U content of 3.4 ppm
and a common Pb composition of 0.833. In turn, there is a low U (0.5 mpbrajudite
with an age of 108 5 Ma and a common Pb value of 0.840. A high U (5.0 ppm) spherulite

yielded an age af00 + 3 Ma andhas a common Pb composition of 0.890. An ostracod
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valve made of calcite with an ageldf4 + 3 Ma has an average U value of 2.1 ppm and

a common Pb composition of 0.843 (Table 1).

There seems to exist a relationship between ages and the studied wells, i.e. a
spatial relation of the ages. For examplePbJages of calciferous primary constituents
from well B fall betweenl05 + 3 Ma and99 + 7 Ma. Otherwise, the ages of calciferous
primary constituents from well C are older, varying betwElt 4 Ma and110 + 4 Ma.

A majority of primary constituents from well A did not yield reliable results, exceft fo
spherulite and a shrub that gave younger ages ot HObla and 82t 6 Ma like occurs

in the well B. When comparing similar particles in each core, it is also noticeable that
constituents from core A display low U values (an average of 0.6 ppm) thatiteents

from cores B and C (average values of 2.3 ppm and 3.4 ppm, respectively) (Table 1).

Table 1. UPb age data acquiréalthe Upper Barra VelhRormationcarbonates from the Santos Basin.

Well Sample depth Depth from Age +2s (?*PbF°Pb) Uppm Constituent

(m) top BV (m) (Ma) (avg.)
A 5090.95 18.95 123 4 0.840 1.0 Rhombohedral dolomite
A 5090.95 18.95 100 5 0.840 0.5 Spherulite
A 5099.05 27.05 82 6 0.858 0.6  Shrub
A 5100.75 2875 108 5 0.852 0.2 Rhombohedral dolomite
B 5015.D0 8.10 99 7 0.907 0.2  Shrub
B 5015.10 8.10 109 4 0.891 0.9  Microcrystalline dolomite
B 5016.90 9.90 117 3 0.880 1.5 Lamellar Dolomite
B 5020.10 13.10 112 7 0.870 1.1 Rhombohedral dolomite
B 5020.10 13.10 97 4 0.930 1.2 Saddle dolomite
B 5049.95 42.95 99 6 0.880 0.3 Pseudomorphic dolomite
B 5049.95 42.95 104 5 0.880 0.4  Lamellar Dolomite
B 5133.95 126.95 105 3 0.870 1.8 Shrub
B 5144.00 137.00 100 3 0.890 5.0 Spherulite
B 5144.00 137.00 109 3 0.880 4.0 Rhombohedral dolomite
B 5194.50 18750 124 5 0.788 7.9  Microcrystalline dolomite
B 5194.50 18750 122 5 0.820 3.7 Rhombohedral dolomite
Cc 511300 11300 114 3 0.843 2.1 Ostracod
c 511300 11300 113 3 0.850 2.7  Shrub
C 511300 11300 99 4 0.870 0.3 Blocky dolomite
C 5118.95 11895 110 4 0.850 1.1 Shrub
C 5118.95 11895 100 3 0.840 2.3 Rhombohedral dolomite
Cc 5124.60 124.60 112 3 0.810 16.1 Shrub
C 5124.60 12460 95 4 0.830 4.0 Rhombohedral dolomite
C 5124.60 124.60 97 5 0.850 0.6 saddle dolomite
Cc 5127.9D 127.9 115 5 0.850 1.3  Shrub
C 5132.% 132.90 116 4 0.833 3.4 Peloid

BV: Barra Velha2s confidence interval?°’Pbf°Pb).: common leadtomposition; avg: average value
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Figure 5. Analyzegrimaryconstituents and their respective T8¥asserbung concordia diagram ages.
TeraWasserburg concordidiagram showing 238/2°Pb versus?°’Pbf°Pb dataof microcrystalline
dolomite. (B)TeraWasserburg concordia plots showfi#)/2°Pb versug’PbP%Pb data of rhombohedral
dolomite. (C) PPL photomicrograph and QEMSCAN image of laminated dolostone formed by
microcrystalline and rhombohedral dolomites. Sample is 5194.50 from welD)BTeraWasserburg
concordiadiagramshowing 28U/%°%Pb versus®PbP%Pb dataof a peloid (E) XP photomicrographof
analyzedpeloid particle in the midst of microcrystalline silicsSample is 5132.50 from well GF)
QEMSCAN image offigure in (E) highlighting the calcitepeloid partially replaced by silicaG) Tera
Wasserburg concordiiagramshowing?®®U/2°%Pb versug®PbfPb dateof a particle of shrub.H) PPL
photomicrograplof ashrub particle in ailicified rudstoneSample is 5127.90 from well Q) QEMSCAN
image & figure in (H) highlighting calcite composition of shrub and the surrounding sipeatially
replacing the particleJ) TeraWasserburg concordigiagramshowing8U/2°Pb versug?’PbFPb data

of ostracod particlesK() PPL photomicrographof analyzd ostracod particleSample is 5113.00 from
well C. (L) QEMSCAN image of figure in (K) highlightinthe calcite composition of the ostracdi¥)
TeraWasserburg concorddiagramshowing?8U/2%Pb versug®PbFPhb dataof a shrub particle (N) PPL
photomicrograph of a shrub particle in a dolomitized grainstone Sample is 5118.95 from. (@)l C
QEMSCAN image of figure in (N) highlighting the calcite composition of the shrub particle, the
surrounding dolomite cement andfew silica partially replacing calcite particles. (P) T¥vasseburg
concordia diagramshowing?*3U/2°Pb versug’’PbFPb dateof a shrub particlg(Q) XP photomicrograph

of a silicified shrubstone. Sample is 5133.95 from well B. (R) QEMSCAN imagegafefiin (Q)
highlighting the calcite composition of a shrub particle and the surrounding silica partially replacing
particles of shrubs. (SjeraWasserburg concordidiagramshowing?3®U/2°Pb versug®PbFPb dateof
shrubpatrticles.(T) PPL photomicrgraph of a shrub particle in a silicified rudstone. Samples is 5099.05
from well A. (U) QEMSCAN image of figure in (T) highlighting the calcite shrub particle partially replaced
by silica.Quoted age uncertainty includes propagated systematic uncertdiaiapoint error ellipses are

2s MSWD, mean squared weighted deidat (Pb*)c is €°’Pbf°%Pb), known as common lead composition.
Red circles represent analytical spots made on the particles. Dol: dolomite; MD: microcrystalline dolomite;
MMQ: macrocrys$alline mosaic quarz; MS: microcrystalline silica; Os: ostracod; Pel: peloid; SD: saddle
dolomite; Shr: shrub.

U-Pb dating revealed at least three main age intervals for secondary dolomites
(Figure 6). The oldest secondary dolomites3(22 Ma) occur as fine dolomite rhombs
occupying the interparticle space and partially replacing younger spherulites in a
spherulitestone. It has an average U content of 1.0 ppm and a common Pb composition of
0.840. An intermediate dolomite generation has ga eange of 12+ 3 Mato 18+ 5
Ma. This generation of dolomites is formed by71% 3 Ma pseudomorphic
microcrystalline lamellar dolomite that replaced Jlgys and outlines spherulite
particles, being partially replaced by microcrystalline silica (FediA-C). This lamellar
dolomite has an average U content & gipm and a common Pb value 0880. Fine
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dolomite rhombs widely distributed in the sample, pervasively replacing constituents and
filling pores mostly in grainstones and rudstones-(®Chaveagesfrom 112 + 7 Ma to

108 + 5 Ma. Their average U contents vary fror@ ppm to4.0 ppm, and their common

Pb values range from&b2to 0880. Within this age interval (I71+ 3 Mato 1@ £ 5 Ma),

there are stratiform dolomite occurrences intercalateld lajters of younger shrubs and
spherulites. These latter dolomites have age99&¥ Ma and 09+ 3 Ma. The former

is a microcrystalline dolomite with an average U content of 0.9 ppm and a common Pb
value of 0891, while the latter has an average U eahf 40 ppm and a common Pb
composition of B80. It is worth mentioning that the 32 4 Ma, 109+ 4 Ma and 09+

3 Ma dolomites intercalated with younger spherulites and shrubs represent a curious
feature and will be discussed in detail further (indeetion 5.2; Figure 9)

A younger dolomite generation occurs in three main morphologies: (1) as blocky
and saddle dolomites; (2) as pseudomorphic microcrystalline dolomites; and (3) as
pervasive dolomite rhombs similar to those from the second dolomiéeagem (Figure
6).

Blocky and saddle dolomites fill vuggy, fracture and interparticle pores, showing
ages from 9% 4 Mai 97+ 4 Ma. The 9% 4 Ma blocky dolomite has a U average value
of 0.3 ppm and a common Pb value of 0.870. There are two occurrences of saddle
dolomite. They exhibit ages of @/5 Ma and 9% 4 Ma, with average U values from 0.6
ppm to 1.2 ppm, and common Pb compositiongiragnfrom 0.850 to 0.930 (Figure 6H
J; 6NO). The 97+ 4 Ma is a postilicification phase that places an age limit for a

silicification event in the Upper Barra Velha Formation

Microcrystalline pseudomorphic dolomites from the same sample yielded ages
from 104+ 5 Ma to 99+ 6 Ma. The 104t 5 Ma microcrystalline dolomite is a lamellar
dolomite that mimics the lamination of previous #days. It has an average U value of
0.3 ppm and a common Pb composition of 0.880 (FigureCYAThe 99+ 6 Ma
microcrystaline pseudomorphic dolomite that replaces and mimics ostracod valves has
an average U content of 0.3 ppm and a common Pb value of 0.880 (Figure 7A, B, D). As
these pseudomorphic microcrystalline dolomites probably represent the same
dolomitization event caidering petrographic and geochemical criteria (for instance,
these two dolomite occurrences have the s2fR&F°Pb value of 0.880), an integration
of their data was made, resulting in a pooled ad®8f: 5 Ma. This pooled data exhibits

an average Ualue of 0.3 ppm and a common Pb composition d@(Bigure 7E).
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The younger pervasive fine rhombohedral dolomites yielded ages af 3Ma
and 95+ 4 Ma (Figure 6EM). Their average U value ranges from 2.3 ppm to 4.0 ppm,

and their common Pb compositi varies from 0.830 to 0.840.
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Figure 6. (A) TeraWasserburg concordia plots showirf§U/2°Pb versus?°’Pbf°Pb data for
microcrystalline lamellar dolomite. (B) PPL photomicrograph of microcrystalline lamellar dolomite
contouring spherulite particles in a spherulitestone. Sample is 5016.90 from well B. (C) QEMSCAN image
of figure in (B) highlighting silicification in the domiterich sample. (D)TeraWasserburg concordia
diagramshowing?3&8UJ/?%Pb versug®PbF°Pb dateof rhombohedral dolomite. (E) PPL photomicrograph
of grainstone affected by pervasive dolomitization, with rhombohedral dolomite crystals filling pores and
partially replacing particles. Sample is 5020.10 from well B. {E)aWasserburg concordidiagram
showing 2%8U/?%%Pb versus®®PbP°Pb dataof rhombohedral dolomite. (G) PPL photomicrograph of
grainstone affected by pervasive dolomitization, with rhohaabal dolomite crystals filling pores and
partially replacing particles. Sample is 5100.75 from well A. TldjaWasserburg concordidiagram
showing?38U/2%%Pb versug’PbF%Pb dataof blocky dolomite cement. (1) PPL photomicrograph of blocky
dolomite cement filling vuggy and intraparticle porosities. Sample is 5113.00 from well (.e(3)
Wasserburg concordifiagramshowing®8U/2°%Ph versug®PbF%Pb dataof saddle dolomite cement. (K)
PPL photomimcrograpbf saddle dolomite filling intraparticle fracture porosity in a grainstone. Sample is

5124.60 from the well C. (LTeraWasserburg concordidiagramshowing?3U/2°Pb versug’’Pbf’Pb

concordia
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data of rhombohedral dolomite. (M) PPL photomicrograph of grainstafiected by pervasive
dolomitization, with rhombohedral dolomite crystals filling pores and partially replacing particles. Sample
is 5124.60 from the well C. (NjeraWasserburg concordiiagramshowing?38J/2°Pb versug’PbF’Phb

dataof saddle dolonte cement. (O) PPL photomicrograph of silicified and dolomitizes grainstone with
saddle dolomite crystals filling the center of vuggy pores lined by quartz crystals. Sample is 5020.10 from
the well B.Quoted age uncertainty includes propagated systematirtainties. Datapoint error ellipses

are 2s MSWD, mean squared weighted deigat (Pb*)c is €“PbF°Pb), known as common lead
composition. Red, green an white circles represent analytical spots made on the particles. BD: blocky

dolomite; Dol: dolomtie; LD: lamellar dolomite; MD: microcrystalline dolomite.
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Figure 7. Microcrystalline pseudomorphic dolomites. (A) RiPlbtomicrograptof the sample where the
microcrystalline pseudomorphic dolonsteccur. Sample is 5049.95 from the well BB) QEMSCAN
image from figure in (A). (C) Ter&lVasserburg concordidiagramshowing?3®U/2°Pb versug®PbPhb
data of microcrystalline pseudomorphic lamellar dolomite. (D). Péfasserburg concordidiagram
showing?®U/2°%Pb versus’PbF’Pb dataof the microcrystalline pseudomorphic dolomite that replaced
ostracod particles. (E) Telasserburg concordia plots show#iJ/?°Pb versug®PbPPb dateaof the
pooled data from these microcrystalline pseudomorpHhangites, since they all occur in the same sample
and have the san(€”’PbP°Pb). value. Datapoint error ellipses ares.2MSWD, mean squared weighted
deviaton. (Pb*)c is ¢°Pbf°%Pb), known as common lead composition. LD: lamellar dolomite; Os:

ostracod.

4.5DISCUSSION

Reported UPb ages for the Upper Barra Velha Formation and its chrono
correlated Kwanza and Namibe fmalt carbonates have a wide age range (between
115.83% 1.56 t056.8 + 4.8 Ma2s) (RochelleBates et al., 2021; Godeau et al., 2021;
RochelleBates et al., 2022; Lawson et al., 2022). These ages may mark either

depositional or posiepositional events. For instance, only a few age data of the Upper
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Barra Velha Formatin are interpreted as related to carbonate deposition (Lawson et al.,
2022). Most age data are interpreted as related tespdghentary processes, such as
magmatic and hydrothermal events that range in time from 116 Ma to 38 Ma (Moreira et
al., 2007; Sznari and Milani, 2016; Trittla et al., 2018; Loma et al., 2018; Rancan et al.,
2018; Louback et al., 2021; Godeau et al., 2021; RocBelles et al., 2021; Louback et

al., 2023; Gordon et al., 2023; Oliveira et al., 2023). Even-preerved primary
paitticles with no clear evidence of recrystallization or diagenetic imprints may yield a
nondepositional age (RochelRates et al., 2022). Compared tePb dating of silicate
bearing minerals such as zircons, carbonates are more susceptibledrygtafization
changes and may not record primary depositional Glpgseset al.,1995; Kellyet al.,
2003;Li et al.,2014; Robertet al.,2020a)

Figure 8compares tPb ages obtained in our study with published age data on
primary carbonates, carbonates tetbto hydrothermal events, and igneous activity from
the Santos (Moreira et al., 2007; Szatmari & Milani, 2016; Rancan et al., 2018; Louback
et al.,, 2021; RocheliBates et al., 2022; Lawson et al., 2022; Louback et al., 2023;
Gordon et al., 2023; Olivaret al., 2023), Campos (Trittla et al., 2018), Kwanza (Loma
et al., 2018; Godeau et al., 2021), and Namibe (RocBelles et al., 2021) basins. It
reveals thatarbonate ages (Figure €9 and magmatic and hydrothermal events (Figure
8 A-B) are relatedit also reveals that thmain magmatic age peak falls between M2b
and 130 Ma. It further shows that the ages of primary and hydrothermal carbonates,
including our data, are contemporaneous or younger than the main peak of magmatism
and contemporaneousttvhydrothermal event3he ~124 Ma carbonates from our study
also correlate with the 12080 Ma magmatism peak. Figure 8E shows, with smoother
KDE curves than the KDE curves from figures-BA how the ages of carbonate
precipitation and diagenesis arethim the age range of magmatic and hydrothermal
eventsCompared to previously published age data, carbonates from our study are mostly
Barremian to Albian in age and do not display ages younger than 70 Ma (Figire 8A
The wide age range of our data alfofor raising questions regarding the preservation of
primary age data. For instance, regarding the primary carbonate constituents, what
explains theiagedifferences? Is there any regional control on age distribution? What are
the relationship among ages and hydrothermal alteration and sedimentary facies?
Regarding secondary phases, what are their time consirainivhat geological events
they are related
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E Chronology of Upper Barra Velha carbonates
and related geological events
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Figure8. (A) Kernel Density Estimation (KDE) curve and histogram adesagmatic event in the Santos

Basin. (B) KDE curve and histogram ages of hydrothermalism events recorded in Santos, Campos, Kwanza
and Namibe basins. (C) KDE curve and histogram ages of depositional and diagenetic events 4in the pre
salt section of SantoKwanza and Namibe basins (literature data). (D) KDE curve and histogram ages of
depositional and diagenetic events in the Upper Barra Velha Formation (our data). The histogram binwidth
is 10 and the kernel bandwidth is 1.5 for figures A, B, C, D.Snnary chronology of the Upper Barra

Velha Formation carbonates and related magmatic, hydrothermal, and sedimentary events in the Santos
Basin and other prsalt basins (e.g., Campos, Kwanza and Namibe basiihg).figure shows the
relationship between thgarra Velha Formation carbonatages withthoseof magmatic and hydrothermal

events that affected the psalt. Kernel bandwidth is 5. Our data and compilation from other studies are
availablein the sipplementary materigRochelleBates et a).2021; Rocklle-Bates et a).2022; Lawson

et al, 2022; Moreira et al2007; Szatmari & Milani, 2016; Trittla et a2018; Loma et al 2018; Rancan

et al, 2018; Louback et 312021; Godeau et al2021; RochelleBates et a).2021;Louback et al.2023;

Gordon et al.2023 Oliveira et al, 2023.

45.1 Agesof Primary Carbonate Constituents

In our study, most preserved sedimentary rocks include shrubstones,
spherulitestones, grainstones, and even laminated microcrystalline dolostones. Because
of the superposed diagenetic and hydrothermal events, we may not have preserved a
pristine carbonate rock. For instance, the coegrased facies like shrubstones,
spherulitestones, grainstones occur at the upper part of depositional cycles (Wright &
Barnett,2015; Basso et al., 2021). These rocks are often porous and permeable, being the

pore space occupied by dolomite and sili€&ggre 3DE, Figure 4Q. Despite the
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secondary mineralogy of the pore space, the framework particles made of calcite
commonly disfay a good preservation under the microscope. In contrast, the laminated
fine-grained dolostones made of microcrystalline dolomite anddiaged dolomite
rhombs usually occur at the base of sedimentary cycles, which are made of less porous
and permeableocks (Wright & Barnett, 2015; Basso et al., 2021). We contend that fluid
rock interaction was mainly controlled by fabric features, such as mineralogy, porosity,
and permeability. For instance, we argue that the microcrystalline dolostone displays
olderage values because of its low permeability and porosity, thus preventingoitkid
interaction. Furthermore, its dolomitic composition was less reactive with the percolating
fluids than the calcite counterparts. In contrastmeable and porous carbontgeles,

like shrubstones and spherulitestones, were more susceptible tsegdwséntary
processes, includingteraction withearly diagenetic fluids and hydrothermal events.
These facies were more susceptible tojdegtositional alteration such #we ~116 Ma
basaltic magmatism intrusive in the @&t carbonated ouback et al., 2023), the ~114

Ma hydrothermal alteration in the psalt rocks (Rancan et al., 2018hd the regional
pervasive postlepositional hydrothermal alteration at ~105/100 tdat significantly

affected the presalt carbonate ¥Pb system

Our oldest agesn primary constituentsvere obtained in a microcrystalline
dolomite (12 + 5 Ma) andin fine dolomite rhombhedralcrystals (12 + 5 Ma). They
occur in the same laminateddigraineddolostonesample and are both related to primary
dolomite precipitation or early diagenetic featutieat replace the previous Mgays,
preserving the lamination of the rock. Indeed, sintedblostoneexhibit no evidence of
any precursor mimalogy or residual textures in petrographic and QEMSCAN
observations, we suggest a primary origin rather than a diagenetic origin for these
dolomites. In addition, their laminated texture and -deformation indicate syn
sedimentary precipitation insteatiburial replacement (Figure 3D; FigusA-C).

Theseprimary dolomites have ages close to the-Apgian sedimentation age-
120 Ma or ~ 125128 Ma)of theUpperBarra VelhaFormationassuggested byedeschi
et al.(2017) and Pietzsch et 42020) The microcrystalline and fingrained dolomite
rhombs, due to their low porosity and permeability, may have prevented fluid percolation
and fluidrock interaction. Thus, these fine dolomites maintained their pristifd U
isotopic composition andgas, with weHregressed concordia diagrams that are typical
of primary carbonates (Rasbury & Cole, 2009). Hence, they are the first dufelot U
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Barremian ages of the Upper Barra Velha Formation carbonaiesarf dolomites,
althoughinfrequent often fom in lakes and lagoor{ehmood et al., 2018). Yang et al.
(2021), in turn, showed that primary dolomites canpbecipitated rapidly in free
suspension from hydrothermal fluids vented into the batigeddke Also, other studies
describe primary higtemperature dolomites formed within lacustrine basins during
periods of very active volcanism associated with rifting during the Mesozoi¢ (e.g.
Jiuguan Basin; Wen et al., 2014)kewise, thel24 £+ 5 Ma andl122 £ 5 Ma primary
dolomites from the Upper Barigelha Formation may have their genesis related to the
125.5 = 0.7 Maage tholeiitic magmat event dated by Rancan et al. (2018). This
magmatism igssociated with hydrothermal veatsdfumarolesatthe bottom of the lake
henceinfluencing the sedimentary depositioand the laminategatternof dolomites
(Rancan et al., 2018; Oliveira et al., 2019; Oliveira et al., 2088p, according to
Moulin et al. (2012), the oldest oceanic spreading and plate rotation for the configuration
of the Santo8asin happeadat 127.5 Ma and 125 Mavhich formed open spaces for
fluid circulation In consequence, treombination of high heat fluand fluid circulation

in a continental settingnay have allowedVig-rich brines toreach the lacustrine

environmentjnducing dolomite precipitation.

In our study, calcite primary particles likdrubs, spherulites, ostracodsd
peloids yielded agesanging from116 + 4 Mato 82 + 6 Ma. When examined under the
petrographic microscope, these particles seemrégervetheir primary depositional
features, includingalcite mineralogyand the absence dfagenetioverprints. The older
ages (ranging frori16 + 4 Ma to 110 + 4 Ma) were observed on samples collected from
well C. Among the dated particles) astracodralve made of calcitén a coarsegrained
and porous shrubstone providestatistically robust (i.ewell-regressediower intercept
U-Pb ageof 114 + 3 Ma (Figure 53L). This cabonate particlénitially incorporated high
and variable amounts of U and Iplhnomogeneoutevels ofPh, known as commoRh,
Furthermore, it has no evidence of strong fuegiositionaldiagenetic modifications
which commonly affects thega of carbonate rockRasbury & Cole, 2009 hus, based
on petrography, mineralogy, and ol dataye contend that the age of these ostracods
and similar calciferous particlagpresentan early diagengc age ofthe Upper Barra
Velha Formationcarbamates Despitethe agerangeof these oldercalciferous primary
constituentsX16 + 4 Ma - 110 £ 4 Ma) beingwithin thedepositional interval gbrimary
particles proposed by Moreira et al. (2007) and Lawson et al. (202&)dingan ID-
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TIMS depositional age of 115.83 + 1.56 N&s) for the UpperBarra Velha Formation
(Lawson et al., 2022}thestudied particles occur in porous and permeahfebstons,
grainstones and rudstones (Figurer@gt hadbeen modified byostsedimentary fluids
contemporaneous to the 116 Ma basaltic magmatism dated by Louback et al. (2023) and
the 114 Ma hydrothermal alteration dated by Rancan et al. (2018).

In contrast to well C, calciferous primary particles from wells B and A display
younger UPb ages. For instancegldte samples fromwell B exhibit U-Pb agesanging
from 105 + 3 Ma to 99+ 7 Ma. Similarly, well A also displaysb ages as young as
100+ 5 Ma and 82+ 6 Ma (Figure 5). As illustrated in Figure 2, the uppermost samples
from cores B and A are within the same stratigraphic interval of the Upper Barra Velha
Formation, thus reinforcing the similar age data. However, the middle section of the core
B, despite being correlated with core C, exhibits youngétbUage data. The age of
primary particles along core B is quite homogenous, suggesting that their ages were
affected by a pervasive interaction with pdspositional fluids. Since both B and A cere
exhibit younger ages that overlap magmatic and hydrothermal events in-setpree
suggest that a heat source near these two cores was probably the main drive of the
hydrothermal system that affected these cores at ~105/100 Ma. The core C, in turn,
located in the north of the Zeta high, seemed not to be disturbed by this ~105/100 Ma
hydrothermal event, preserving its oldd6 + 4 Ma to 110 + 4 Ma ages.

Our primary age data for cores B and A are within the same range as those reported
by RochelleBates et al. (2022) for shrubs and spherulites inlpper Barra Velha
Formation (106.9 = 4.3 Ma) These authors also interpreted this age as refleeting
diagenetic replacementof the UPb system.They attribute the recrystallizatioof
particlesto fluid-flow eventsanda spike in heatlow during the onsétarly stages of the
postrift. In another studyTritlla et al.(2018 dated afL07.0 + 1.0to 104.3+ 0.8 Maby
40Ar/*°Ar a hydrothermaladulariaformed at90i 170°Cfrom the Campos Basin psalt.

In thepre-salt section of th&wanza Basi, Loma et al. (2018)eported ahydrothermal
basalt alteration at06.9 +1.6 Ma (*°Ar/*°Ar). According to Godeau et al. (2021), a
significant heat event occurred at ~ 104 Ma Kwanza Basin, po$siloiwed by a second
event at ~85 MaThese postift high thermal regime drovehot fluid circulations
associated witha significant transformfault corridor. Likewise, Lima et al. (2020)
proposed a hydrothermal alteration model for the Macabu Formatiosapref the

Campos Basin. They suggested that the faults faortzontal permeability of the
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carbonates contributed to the circulation of hydrotted fluids. In most instances, these
young primary particles lack evidence of recrystallization and diagenetic overprint, as
revealed by petrographic observations. Howe¥eiddas et al. (2018)etected that
nanoscale streseduced fluid-migration may occur in calcite crystals, affectitige
physical propertiesf particle and rock These authors alswticedthat the mobility of
fluids at the micranano scale in calcite crystals is enhanced at higher temperatuchs

as the buribdiagenesis temperatures that thygperBarra VelhaFormation carbonates
weresubject to(45 + 5 °C- 91 + 8 °C Lawson et al., 2022Hosa et al. (2020)n turn,
observed that shrubs morphologies may favor fluid fl@gause of their high porosity

and ermeability.
4 5.2 SecondaryDolomites Ages, Morphologies and Their Geologic Contexst

The secondary dolomites covered in this section exhibit ages betwe#id 123
and 95 + 4 Ma. They occur as microcrystalline pseudomorplaimellar dolomites,
microcrystalline pseudomorphic dolomites, rhombohedral pervasive dolomites, blocky
dolomite and saddle dolomites. They may be divided intsitisEfication dolomites and
postsilicification dolomites.

Presilicification secondarydolomitesexhibit an age range of 1234 Ma- 99+
6 Ma. The oldest of these dolomites appear as#123Via fine rhombohedral dolomites
that are intercalated with younger spherulites whose age is éf300a; and as 417 +
3 Mamicrocrystalline pseudomangc lamellar dolomiteThese dolomites areterpreted
as eodiagenetic replacement phasthat substituteMg-clays and spherulitesin
spherulitestonegFigure 6AC; Figure 9AC). Another presilicification secondary
dolomites occur apervasive rhombohedral dolomites that replace particles and fill pore
spaces in shrubstones, grainstones and rudstones, with ages rangif@2feoimMa to
108 £ 5 Ma. Also, there are microcrystalline and fine rhombohedral dolomites within
laminated dolomitic layers that yielded aged@® + 4 Ma, and109 + 3 Ma. These later
~109 Ma dolomitic layers are interlayered with younger spherulites and shrubs whose
ages are of 92 7 Ma and 10QGt 3 Ma, respectively (Figure 9B). The existence of
dolomites with older ages than shrubs and spherulites ages is a curious result because, in
these samples, dolomites are interpreted as early diagenetic phases formed later than the
sphertlites and shrubs, replacing them and filling pore spaces in the sample (Figure 9)

Somehow, this is in accordance with thé’b postdepositional replacement observed in
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primary calcite particles and the preservation of pristine ages ifpdoous, low
pemeable, and less reactive dolomitic aggregates. The youngesili@fieation
dolomites occura pseudomorphic microcrystalline dolonstdat replaced Mglaysand
ostracod particlesSince these dolomites show the s&eb?°°Pb composition of 0.880,

we integrate their WPb data, which resulted inppoled age o103+ 5 Ma (Figure 7).
These presilicification microcrystalline and rhombohedral dolomites are partially
replaced by $ica phasegFigure 6AB; Figure7A-B; Figure 9CD; Figure 9KL). We
contend that the association of these dolomites with more porous and permeable facies
can berelated tothe percolation of magnesiurith fluids. For example, Lima et al.
(2020) suggesteithat faults and the horizontal permeability of the carbonates contributed
to the circulation of hydrothermal fluids in the Macabu Formation. This interpretation is
supported by the age interval of these dolomites, falling within the age range (116 Ma
109 Ma) of the Aptian magmatism dated by Louback et al. (2023), the tectonic activity
related to the Helmut lineament (~115/114 Ma according to Dehler et al. 2016), and the
hydrothermal alteration of tholeiitic basaltic rockR%\§/3°Ar 114.3 + 1.1 Ma) repsed by
Rancan et al. (2018J.heseevents documented in the Santos Basiggest correlation
between dolomite precipitatipsupply ofthermal energyand availability of Mg ions
provided by basaltic magmatism and tectdimermal events. Regarding th63+ 5 Ma
pooled age ofmicrocrystalline pseudomorphic dolomites, since their diagenetic
occurrence is referred as early diagendticght and Barnett, 201F;onietto et al., 2018;
Lima & De Ros, 2019; Carvalho & Fernandes, 2021; this study), we argti¢hthir
Albian-Cenomanian age is related to dolomitePb replacementcaused bythe
interaction with a silicaich fluid and buriadiagenesi¢e.g Sumner and Bowring, 1996;

Gasparrini et al., 2023)
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Figure 9.Dolomitic layers intercalated with shrubs and spherulites and thdéib ldges. (A)Tera
Wasserburg concordigiagramshowing?3®U/2°Pb versug®PbPPb dateaof fine rhombohedral dolomite
crystals (B)TeraWasserburg concordidiagramshowing?3U/2°Pb versus?*’Pb°Pb dateof spherulite
particles. (C) PPL photomicrograph of dolomitic spherulitestone with fine rhombohedral dolomite crystals
filling interparticle pores and partially replacing spherulite particles. Sample is 5090.95 from well A (D)
QEMSCAN image of figure in (C) highlighting the calcite composition of the spherulites, the interstitial
dolomite and silica partially replacing spherulites. ({EraWasserburg concordidiagram showing
238/2%%Pp versug®PbPo%Pb dateof interstitial microcystalline dolomite. (FreraWasserburg concordia
diagram showing 2%8U/?%Pb versus?*PbF°%Pb dataof shrub particles. (G) PPL photomicrograph of
dolomitic shrubstone with microcrystalline dolomite layers intercalated with layers of shrubs. Sample is
5015.10 from well B. (H) QEMSCAN image of figure in (G) highlighting the calcite composition of the
shrubs, and the partial replacement of shrubs by the microcrystalline dolomiteer@yVasserburg
concordiadiagramshowingz8U/?°Pb versug®’PbF’Pb dda of fine rhombohedral dolomite crystals. (J)
TeraWasserburg concordiiagramshowing?38J/2°%Ph versug®PbF%Pb dataof spherulite particles. (K)

PPL photomicrograph of dolomitsilicified spherulitestone with fine rhombohedral dolomite crystals
filling interparticle pores and partially replacing spherulite particles. Sample is 5144.00 from well B. (L)
QEMSCAN image of figre in (K) highlighting the calcite composition of spherulite particles, the
surrounding silica and the rhombohedral dolomite crystals between the pafictded age uncertainty
includes propagated systematic uncertainties. Datapoint error ellips&s a#SWD, mean squared
weighted deviabn. (Pb*)c is ¢°PbF%Pb), known as common lead composition. Red circles represent
analytical spots carried out at calcite particles. Blue circles represent analytical spots carried out at dolomite
phases. Dol: domite; MD: microcrystalline dolomite; Shr: shrub; Sph: spherulite.
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The postsilicification dolomites occur as later diagenetic cements such as (1)
blocky dolomite cement filling vuggy and intraparticle fracture porosities in shrubstones,
with an age of 99 4 Ma(Figure6H-1); (2) as saddle dolomite cements filling vuggy and
fracture porosities lined by quartz crystals in cherts and grainstones, with the saddle
dolomite crystals showing ages of 85 Ma and97 + 4 Ma (Figure6JK; 6N-O); and
(3) as 10G: 3 Ma andd5 + 4 Ma pervasive rhombohedral dolomite crystals in grainstones
(Figure 6L-M). These dolomite occurrences are not affected by silicification features,
thus being interpreted as peslicification phases. Their agasecontempoaneouswith
the postdepositional hydrothermal alteration at ~ 105/100 Ma that significantly affected
the presalt carbonate Wb systemLikewise, for the precipitation of saddle dolomite, a
high temperature is requirdé 60°C, Spotl & Pitman, 1998. The younger ~98 Ma
pervasive rhombohedral dolomites seems to be contemporaneous to the ~ 90 Ma
Cenomanian pervasive dolomitization event dated by Godeau et al. (2021) in-$iadt pre
of the Kwanza Basin, which wagerpreted tdhave occurredt arelativelyshallow burial,
with the presence of hot fluids (ca. 150°THus, these dolomite morphologies and timing
are in concordancwith the presence aodn elevated thermal regime asdurces of
hydrothermal fluidsaffecting theUpperBarra Velha Brmation and other basins of the
pre-salt systemat ~1(% - 100 Ma (e.g. Trittla et al., 2018; Loma et al., 2018; Godeau et
al., 2021; RochelkBates et al., 2021; RochelRates et al., 2022)The ¥ + 4 Ma age
saddle dolomite limits alsa silicification eventsincethe saddle dolomités a post
silicification phase that fillsyuggy pores lined by macrocrystalline quarizhis means

thatthesilicification eventobservedn these samples are older than 100 Ma.
46 CONCLUSIONS

Carbonate$rom theUpperBarra VelhaFormationexhibit a wide range of ages
indicating that the Santos Basin carbonates were affected by a superposition of geologic
events In contrast to LPb dating of zircons, which ispaietty stable mineral phase under
low temperature processes,-Rb dating in carbonates mdye dfected by post
depositional processes, such as diagenesis and hydrotisenntéénce as seen here, the
interpretation of UPb dating of carbonatecksrequires the input of information about
the geological evolution of the sedimentary rocks, including diagenesis, hydrothermal

alteration, mineralogical transformations, tectonic events, among others.

The ages obtained in this study aoenparable téectonic and thermal events that

affected the Sdos Basin including plate motion, oceanic spreading, and basaltic
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magmatism. These events have geochronological ages of ~ 127/125 Ma; ~ 116/114 Ma,;
and ~ 105/100 Ma. Similar events are also reportedtfeer presalt basins such as (1)

the Campos Basinin which a hydrothermal (901L70°C) activity was dateldy adularia
40Ar/3°Ar ages of 107.0 + 1.:0104.3 + 0.8 Ma (Tritlla et al., 2018)) the Kwanza Basin,

in which abasalt alteratioryielded “°Ar/*°Ar ages of 114.5 + 2.9 to 106.9 + 1.6 Ma
Theses agewere used to constrain a hydrothermal (c. 140°C) pulsieeif\frican pre
salt(Loma et al., 2018whereelevated thermal regirsevere identified by Godeau et al.
(2021)at ~104Ma. These evidenceisnply that the tectas-magmatic events identified
herehad a widereaching influence on carbonateposition andliagenesi®n a regional

scale ofthe pre-salt system.

The geochronological replacement of the particles may not be a pervasive effect,
but instead may depend more on fladtk interaction and physical properties of the
particles such as porosity and permeability. This was observed goonous and non
permeable dolomitic layers formed by dolomite crystals arranged with a Péateature,
which were not affected by the-Bb replacement. Ages of calcite primary particles,
otherwise, recorded superposition of pdspositional events. As another example,
carboate particles from wells B and A have ages of ~ 105 Ma. In contrast, calcite
particles from well C are older, displaying ages around ~ 115 Ma. We suggest that
samples from cores B and A were affected by a nearby heat source at ~105/100 Ma, unlike

carbona¢s from well C.

The first generation of dolomites occurs @s-silicification BarremiarAptian
microcrystalline to very fine laminatgatimary dolomiterhombs. This is the first direct
U-Pb Barremian age registered in the Upper Barra Velha Formatiagréement with
Tedeschi et al. (2017) and Pietzsch et al. (2020) that proposed an age of ~ 125/120 Ma
for deposition of the Upper Barra Velha FormatioheTsecond generatiaa formed
essentially by- 1177 108 Mapre-silicification fine rhombohedral dohnite crystals that
arethe product of pervasive dolomitizatiofihe third generation of dolomitésmve ages
of ~ 100 Ma andare composed bpresilicification pseudomorphic microcrystalline
dolomites that likely underwent-Bb replacement related to an b-Cenomanian
silicification event, by pervasive dolomite rhombs, and by -piisification later
diagenetic cements such as blocky dolomite and saddle doldrhigesaddle dolomite

temporally limis a silicification event as older than 100 Madeed, @lomite-silica
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petrographic relations indicate a time constrain for silicification events between 112 Ma
and 100 Ma in the studied rocks.
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CAPITULO 5
5.1 CONCLUSOES E RECOMENDACOES

Este trabalheeforcaa viabilidade da datac&o de carbonatos gedtema UPb e
demonstra que a aplicacdo dessa técdieee estar junta @&stude petrografica,
mineralégice e geoquimicaslsso permitea identificacdo ndo apenas da idade de
deposicdo de carbonatos, mas também o reconhecirteanfmral de eventos paés
deposicionais que afetaram as rochas carbonagisagladascomo a percolacdo de
fluidos em rochaslsso é relevante para o estabelecimento de uma cronologia da
diagénese e para relacionar produtos diagenéticos ou perturbacdes no sistema isotépico

U-Pb da particula com a histéria geoldgica da bacia.

Este trabalho também mostra a influéncia de propriedades fisicas dasodwkas
possiveis alteracfes pdsposicionaisPor exemplofases de dolomita ocorrendo em
arranjos mais fechados, com baixas porosidade e permeabilidade, dificultaram o efeito de
rejuvenescimento geocronoldgico. Particulas primérias, por sua vez, com porosidade
intraparticulafrequentemente exibiram idades maisgjas do que o esperado. Isso ocorre
provavelmente porgue substituicdgeocronologiado sistema tPbesta relacionama

interacdes roch#uido.

Além disso, a geocronologia-Bb de carbonatpguntamente com analises
petrograficaspode ser consideradima ferramenta adicional para detectar modificacdes
diagenéticas em carbonat@omo visto, ca substituicAalo sistema kPb pode ocorrer,

0 que indica uma modificacdo diagenética nos carbonatos estuadosutro lado,
carbonatoxom idades muito precisacomrazao isotopica ¥Pb bem espalhadacem
baixo Pb comum provavelmententiveram suaomposicao originallal implicacdoda
geocronologia tPb de carbonatogode ser relevante para estug@deoambientais e

paleocliméaticogjue exigem amostrasijacomposicdo geoquimidai preservada

Portanto, comoecomendacdgsara estudos de datacdo de carbonatos;sketey
atencdo para a interpretacésdiades obtidas por{Bb em carbonatos, paissistema
U-Pb pode se comportar deaneira heterogéneentro de uma mesma lamina delgada
podendo ocorrer de carbonatos exibirem idades mais jovens que 0 esperado.
demonsiase necessario informacdes sobreventos tectbnicos, magméaticos e

hidrotermais contemporaneogwolucao geolgica da area estudada
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ANEXO A i Tabelade Idades do sistema do préal publicadas na literatura para eventos de magmatismo, hidrotermalismo, deposicédo e diagénese

Estes dados foram os utilizados nos histogramas da Figuda daFigure 1, e na confeccao d&igure 8.

IdadeCentral Evenb Idade(Ma) Sistema Fase Referéncia
(Ma) Isotépico Analisada
130 Magmatisno 130 Ar-Ar Basalb Gomes et al. (2015); Oliveira et al. (2023)
130 Magmatisno 130 Ar-Ar Basalb Moreira et al. (2007)
130 Magmatisno 130 Ar-Ar Basalb Moreira et al. (2007)
128 Magmatisno 128 Ar-Ar Basalb Szatmari & Milani, 2016
127.4 Magmatisno 127.4+2.3 Ar-Ar Basalb Loma et al. (2018)
125.5 Magmatisno 1255+ 0.7 Ar-Ar Basalb Rancan et al. (2018)
124 Magmatisno 124 Ar-Ar Basalb Gordon et al. (2023)
124 Magmatisno 124 Ar-Ar Basalb Gordon et al. (2023)
124 Magmatisno 124 Ar-Ar Basalb Gordon et al. (2023)
122 Magmatisno 122 Ar-Ar Basalb Gordon et al. (2023)
121 Magmatisno 121 Ar-Ar Basalb Moreira et al (2007)
121 Magmatisno 121 Ar-Ar Basalb Gordon et al. (2023)
120 Magmatisno 120 Ar-Ar Basalb Gomes et al. (2015); Oliveira et al. (2023)
120 Magmatisno 120 Ar-Ar Basalb Gordon et al. (2023)
119 Magmatisno 119 Ar-Ar Basalb Gordon efal. (2023)
118 Magmatisno 118 Ar-Ar Basalb Moreira et al (2007)
118 Magmatisno 118 Ar-Ar Basalb Gordon et al. (2023)
117 Magmatisno 117 Ar-Ar Basalb Gordon et al. (2023)
117 Magmatisno 117 Ar-Ar Basalb Gordon et al. (2023)
116.93 Magmatisno 116.93 £ 0.22 Ar-Ar Basalb Louback et al. (2023)
116.16 Magmatisno 116.16 £ 0.10 Ar-Ar Basalb Louback et al(2023)
116 Magmatisno 116 Ar-Ar Basalb Gordon et al. (2023)
115.21 Magmatisno 115.21 +0.13 Ar-Ar Basalb Loubacket al. (2023)
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IdadeCentral Evenb Idade(Ma) Sistema Fase Referéncia

(Ma) Isotépico Analisada
115 Magmatisno 115 Ar-Ar Basalb Gomes et al. (2015); Oliveira et al. (2023)
115 Magmatisno 115 Ar-Ar Basalb Gordon et al. (2023)
113 Magmatisno 113 Ar-Ar Basalb Gomes et al. (2015); Oliveira et al. (2023)
110 Magmatisno 110 Ar-Ar Basalb Gordon et al. (2023)
109.95 Magmatisno 109.95 +0.20 Ar-Ar Basalb Louback et al. (2023)
107 Magmatisno 107 Ar-Ar Basalb Gordon et al(2023)
107 Magmatisno 107 K-Ar Basalb Gordon et al. (2023)
90 Magmatisno 906 K-Ar Basalb Gordon et al(2023)
87 Magmatisno 87 +12 K-Ar Basalb Gordon et al. (2023)
83.3 Magmatisno 83.3+0.66 Ar-Ar Basalb Rancan et al. (2018)
82 Magmatisno 82+1 Ar-Ar Basalb Gordon et al. (2023)
77 Magmatisno 773 K-Ar Basalb Gordon et al. (2023)
75 Magmatisno 752 K-Ar Basalb Gordon et al. (2023)
72.4 Magmatisno 72.4+49 Ar-Ar Basalb Rancan et al. (2018)
67.3 Magmatisno 67.3 K-Ar Basalb Gordon et al. (2023)
49.9 Magmatisno 49.9 + 0.45 Ar-Ar Basalb Gordon et al. (2023)
48.9 Magmatisno 48.9 Ar-Ar Basalb Szatmar; (2001)
48.1 Magmatisno 48.1 Ar-Ar Basalb Gordon et al. (2023)
41.06 Magmatisno 41.06+0.02 Ar-Ar Basalb Louback et al. (2021)
38.62 Magmatisno 38.62 + 0.02 Ar-Ar Basalb Louback et al. (2021)
50 Magmatisho 507 K-Ar Plagiocksio Gordon et al. (2023)
114.5 Hidrotermalisno 1145+2.9 Ar-Ar Basalb Loma et al(2018)
114.3 Hidrotermalisno 1143+1.1 Ar-Ar Basalb Rancan et al. (2018)
107 Hidrotermalisno 107.0+1.0 Ar-Ar Adularia Trittla et al. (2018)
106.9 Hidrotermalisno 106.9+ 1.6 Ar-Ar Basalb Loma et al. (2018)
104.3 Hidrotermalisno 104.3+0.8 Ar-Ar Adularia Trittla et al. (2018)
49.9 Hidrotermalisno 49.9+0.45 Ar-Ar Basalb Rancan et al. (2018)
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IdadeCentral Evenb Idade(Ma) Sistema Fase Referéncia
(Ma) Isotépico Analisada
115.83 DepostédDiagénese 115.83 +1.56 U-Pb Calcita Lawson et al. (2022)
115 DepostédDiagénese 115 U-Pb Dolomita Godeau et al2(21)
114.46 DepostédDiagénese 114.46 £ 4.72 U-Pb Calcita Lawson et al. (2022)
114 DepostédDiagénese 114.0+13.4 U-Pb Calcita RochelleBates et al. (2022)
113 DepostédDiagénese 113.0+15.3 U-Pb Calcita RochelleBates et al. (2022)
112.5 Depos¢ddDiagénese 1125+ 2.8 U-Pb Calcita Godeau et al. (2021)
110.2 Depos¢ddDiagénese 110.2+2.1 Th-Pb Calcita Godeau et al. (2021)
109.73 DepostédDiagénese 109.73 £9.26 U-Pb Calcita Lawson etal. (2022)
107.6 DepostédDiagénese 107.6 £5.1 U-Pb Calcita RochelleBates et al. (2022)
107 DepostédDiagénese 107.0 £ 27.2 Ma U-Pb Calcita RochelleBates et al. (2022)
106.9 DepostédDiagénese 106.9+4.3 U-Pb Calcita RochelleBates et al(2022)
103.8 DepostadDiagénese 103.8+£ 3.0 U-Pb Dolomita Godeau et al. (2021)
92 DepostédDiagénese 92 +3 Ma U-Pb Calcednia Godeau et al. (2021)
90 DepostédDiagénese 90 U-Pb Dolomita Godeau et al. (2021)
86.2 DeposigéddDiagénese 86.2+2.4 U-Pb Calcita RochelleBates et al. (209
85.5 DeposigéddDiagénese 85.5+ 9.5 U-Pb Calcita Godeau et al. (2021)
77 DepostédDiagénese 77.0+11.2 U-Pb Calcita RochelleBates et al. (2@
59.2 DepostédDiagénese 59.2+5.3 U-Pb Dolomita RochelleBates et al. (2@
58 DepostédDiagénese 58.0+4.6 U-Pb Dolomita RochelleBates et al. (2@
56.8 DepostédDiagénese 56.8+4.8 U-Pb Dolomita RochelleBates et al. (2021)
124 Deposicdo/Diagénese 124 + 5 U-Pb Dolomita Este trabalho
123 Deposicdo/Diagénese 123+ 4 U-Pb Dolomita Este trabalho
122 Deposicdo/Diagénese 122 + 5 U-Pb Dolomita Este trabalho
117 Deposicdo/Diagénese 117 £ 3 U-Pb Dolomita Este trabalho
116 Deposicdo/Diagénese 116 + 4 U-Pb Calcita Este trabalho
115 Deposicdo/Diagénese 115+ 5 U-Pb Calcita Este trabalho
114 Deposicdo/Diagénese 114 + 3 U-Pb Calcita Este trabalho
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IdadeCentral Evenb Idade(Ma) Sistema Fase Referéncia

(Ma) Isotépico Analisada

113 Deposicdo/Diagénese 113+ 3 U-Pb Calcita Estetrabalho
112 Deposicdo/Diagénese 112 + 7 U-Pb Dolomita Este trabalho
112 Deposicdo/Diagénese 112 +3 U-Pb Calcita Este trabalho
110 Deposicdo/Diagénese 110 + 4 U-Pb Calcita Este trabalho
109 Deposicdo/Diagénese 109 + 4 U-Pb Dolomita Estetrabalho
109 Deposi¢do/Diagénese 109 + 3 U-Pb Dolomita Este trabalho
108 Deposi¢do/Diagénese 108 £ 5 U-Pb Dolomita Este trabalho
105 Deposi¢do/Diagénese 105 + 3 U-Pb Calcita Este trabalho
104 Deposi¢do/Diagénese 104 £ 5 U-Pb Dolomita Estetrabalho
100 Deposigdo/Diagénese 100 £ 5 U-Pb Calcita Este trabalho
100 Deposi¢do/Diagénese 100 + 3 U-Pb Calcita Este trabalho
100 Deposi¢do/Diagénese 103 + 7 U-Pb Calcita Este trabalho
99 Deposi¢do/Diagénese 99+ 7 U-Pb Calcita Este trabalho
99 Deposi¢do/Diagénese 99+ 6 U-Pb Dolomita Este trabalho
99 Deposicdo/Diagénese 99+ 4 U-Pb Dolomita Este trabalho
97 Deposicdo/Diagénese 97 +4 U-Pb Dolomita Este trabalho
97 Deposicdo/Diagénese 97 +5 U-Pb Dolomita Este trabalho
95 Deposicdo/Diagénese 95+ 4 U-Pb Dolomita Este trabalho
82 Deposicdo/Diagénese 82 +6 U-Pb Calcita Este trabalho
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ANEXO B Tabelas de dados UPb

Identificador f206c  “2%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pp 1s%  29PbP%%Ph  1s%
C_Walnut 318 3078 5.6 0.0048 4.9 2.4 20.4 0.7 0.2 1.7
C_Walnut 341 2665 4.7 0.0008 45 2.2 20.0 0.8 0.2 2.0
C_Walnut 348 2232 4.1 0.0014 4.7 2.3 21.1 0.9 0.1 2.4
C_Walnut 482 1697 2.8 0.0056 2.9 2.0 18.9 1.0 0.2 2.0
C_Walnut 258 4393 8.5 0.0138 6.1 1.8 21.8 0.8 0.1 1.4
C_Walnut 321 2701 5.2 0.0259 4.8 2.1 21.8 0.6 0.2 1.9
C_Walnut 293 3626 6.7 0.0003 5.3 2.3 20.4 0.7 0.2 1.8
C_Walnut 588 923 1.6 0.0112 2.5 2.5 19.1 1.3 0.2 3.1
C_Walnut 406 1451 2.7 0.0021 3.7 2.4 20.3 1.1 0.2 21
C_Walnut 241 3764 7.6 0.0005 6.5 2.1 21.4 0.7 0.1 1.6
C_Walnut 319 2258 4.8 0.0009 4.9 2.6 22.6 0.9 0.2 2.0
C_Walnut 234 3696 7.8 0.0003 6.8 1.9 22.1 0.9 0.1 1.3
C_Walnut 370 2007 4.1 0.0009 4.0 1.8 21.4 0.9 0.2 1.8
C_Walnut 535 969 1.7 0.0026 2.7 2.8 18.9 1.2 0.2 2.6
C_Walnut 240 3767 8.5 0.0003 6.6 1.7 22.6 0.8 0.1 1.5
C_Walnut 364 1957 3.9 0.0004 4.1 2.4 20.1 1.4 0.2 2.1
C_Walnut 333 2556 5.5 0.0001 4.4 1.8 21.8 1.0 0.2 1.6
C_Walnut 412 1759 35 0.0001 3.4 2.3 19.7 1.0 0.2 2.0
C_Walnut 374 1571 35 0.0005 4.3 3.3 22.1 0.9 0.2 2.4
C_Walnut 312 2651 5.4 0.0001 4.7 2.1 19.9 0.8 0.2 1.9
C_Walnut 366 1979 4.3 0.0054 4.1 2.6 20.5 0.9 0.2 2.4
C_Walnut 285 2414 6.3 0.0009 5.8 2.9 24.7 0.7 0.1 2.0
C_Walnut 440 1671 3.3 0.0009 3.1 2.1 18.8 1.0 0.2 21
C_Walnut 428 1617 3.7 0.0023 3.4 2.1 20.9 1.1 0.2 1.7
C_Walnut 486 1568 3.3 0.0026 2.8 2.1 19.2 0.8 0.3 2.0
C_Walnut 396 2132 4.7 0.0016 3.6 2.5 20.4 0.8 0.2 2.7




Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
C_Walnut 460 1428 3.1 0.0020 3.0 2.3 19.9 1.0 0.2 2.2
C_Walnut 383 1843 4.3 0.0040 3.8 2.6 21.2 1.0 0.2 2.3

(928)5144.00_CalcEsf 497 4088 104  0.0002 2.2 1.3 27.1 1.1 0.4 1.4
(928)5144.00_CalcEsf 565 4157 10.3  0.0020 1.8 1.0 26.5 0.9 0.5 1.0
(928)5144.00_CalcEsf 576 4335 10.6  0.0001 1.7 1.0 25.8 1.3 0.6 0.7
(928)5144.00_CalcEsf 521 3777 121 0.0004 2.0 1.0 34.2 0.9 0.5 1.0
(928)5144.00_CalcEsf 565 3470 8.6 0.0008 1.8 1.7 27.2 2.4 0.5 1.7
(928)5144.00_CalcEsf 621 6743 2.9 0.0034 1.5 1.3 4.2 21 0.6 1.4
(928)5144.00_CalcEsf 814 555 1.4 0.0021 1.6 4.3 28.0 2.7 0.3 5.0
(928)5144.00_CalcEsf 660 1846 2.1 0.0068 1.5 1.7 12.0 2.6 0.6 2.0
(928)5144.00_CalcEsf 1664 242 0.9 0.3552 0.9 5.4 46.5 3.8 0.3 8.9
(928)5144.00_CalcEsf 557 2058 5.2 0.0030 1.9 2.4 27.0 2.8 0.5 2.8
(928)5144.00_CalcEsf 685 2020 3.8 0.0012 1.4 1.5 19.8 25 0.6 1.6
(928)5144.00_CalcEsf 488 2492 9.1 0.0008 2.4 2.4 38.5 1.6 0.4 2.8
(928)5144.00_CalcEsf 603 1731 4.3 0.0002 1.7 1.9 27.1 2.3 0.5 2.2
(928)5144.00_CalcEsf 702 1820 2.8 0.0021 1.3 1.4 16.9 2.4 0.7 1.4
(928)5144.00_CalcEsf 686 1286 2.4 0.0044 1.5 3.2 18.8 1.8 0.5 2.4
(928)5144.00_CalcEsf 714 1651 1.9 0.0027 1.2 1.4 13.1 3.1 0.7 1.5
(928)5144.00_CalcEsf 725 9508 2.3 0.0011 1.1 0.5 3.1 3.4 0.9 0.4
(928)5144.00_CalcEsf 710 4049 2.8 0.0019 1.2 1.0 8.8 3.2 0.8 0.9
(928)5144.00_CalcEsf 717 1772 2.4 0.0020 1.3 1.6 17.1 3.3 0.6 21
(928)5144.00_CalcEsf 670 2191 2.8 0.0005 1.4 1.9 17.3 4.0 0.6 2.4
(928)5144.00_DolRomb 570 1506 4.9 0.0002 2.0 2.1 33.9 1.0 0.4 2.4
(928)5144.00_DolRomb 647 1089 3.4 0.0044 1.8 2.8 31.1 1.6 0.4 3.2
(928)5144.00_DolRomb 707 1016 3.3 0.0008 1.7 2.8 37.2 21 0.4 3.7
(928)5144.00_DolRomb 640 1462 3.8 0.0011 1.6 1.4 26.6 1.3 0.5 2.0
(928)5144.00_DolRomb 658 1589 35 0.0008 1.5 1.5 23.3 1.7 0.5 1.9
(928)5144.00_DolRomb 581 1025 4.5 0.0008 2.5 3.4 45.8 1.7 0.2 4.9
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Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
(928)5144.00_DolRomb 668 1896 4.3 0.0003 1.4 1.1 22.8 1.1 0.6 1.4
(928)5144.00_DolRomb 585 1645 4.8 0.0004 1.9 1.8 30.9 1.5 0.4 2.0
(928)5144.00_DolRomb 663 2146 4.2 0.0005 1.4 1.1 21.0 2.2 0.6 1.5
(928)5144.00_DolRomb 454 1046 5.5 0.0004 4.0 5.2 53.1 0.9 0.1 4.1
(928)5144.00_DolRomb 691 4608 4.2 0.0178 1.2 1.1 9.2 2.0 0.7 1.2
(928)5144.00_DolRomb 652 1018 3.7 0.0036 1.8 2.5 36.5 1.4 0.4 25
(928)5144.00_DolRomb 711 1525 2.7 0.0001 1.3 1.2 17.6 1.3 0.6 1.1
(928)5144.00_DolRomb 683 1530 3.7 0.0004 1.5 1.5 24.9 1.2 0.5 1.6
(928)5144.00_DolRomb 586 1093 4.4 0.0001 2.3 2.8 40.1 1.4 0.3 2.8
(928)5144.00_DolRomb 699 976 3.1 0.0003 1.6 2.3 31.4 1.3 0.5 2.3
(928)5144.00_DolRomb 573 1280 45 0.0214 2.1 2.4 36.0 1.3 0.4 2.4
(928)5144.00_DolRomb 619 1648 4.1 0.0001 1.7 1.8 24.7 1.9 0.5 21
(928)5144.00_DolRomb 682 851 3.0 0.0003 1.7 2.8 35.6 1.4 0.4 25
(928)5144.00_DolRomb 625 920 3.4 0.0001 2.0 3.1 37.1 1.2 0.4 2.8
(928)5194.50_DolMicro 640 13703 13.0  0.0001 1.5 1.7 10.7 2.6 0.6 0.6
(928)5194.50_DolMicro 533 3919 9.3 0.0010 2.0 1.1 26.0 1.1 0.4 1.2
(928)5194.50_DolMicro 655 3560 6.6 0.0003 1.5 1.2 22.1 2.9 0.6 1.3
(928)5194.50_DolMicro 351 3213 10.3  0.0002 4.0 4.6 38.2 1.9 0.2 5.4
(928)5194.50_DolMicro 671 16135 7.3 0.0005 1.3 0.4 4.7 1.2 0.7 0.4
(928)5194.50_DolMicro 566 3172 6.7 0.0086 1.9 1.8 24.6 2.2 0.5 1.9
(928)5194.50_DolMicro 678 4400 4.4 0.0043 1.3 1.3 10.7 5.9 0.6 2.0
(928)5194.50_DolMicro  -2660 -3 0.1 0.0570 0.0 717 -13.9 -136.8 0.1 791.7
(928)5194.50_DolMicro 677 4182 4.3 0.0004 1.3 1.2 12.0 2.7 0.7 1.0
(928)5194.50_DolMicro 597 3635 5.7 0.0005 1.6 1.2 17.4 2.8 0.5 1.3
(928)5194.50_DolMicro 707 30473 9.5 0.0003 1.2 0.4 3.1 2.4 0.7 0.4
(928)5194.50_DolMicro 563 4024 8.3 0.0114 1.9 1.5 23.0 2.8 0.5 1.6
(928)5194.50_DolMicro 337 6038 27.0  0.0001 4.1 2.4 46.1 0.9 0.2 2.2
(928)5194.50_DolMicro 628 4550 5.7 0.0178 1.5 1.3 15.3 3.5 0.6 1.4
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Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
(928)5194.50_DolMicro 622 1195 3.4 0.0009 2.0 2.8 29.8 1.9 0.3 2.7
(928)5194.50_DolMicro 634 3298 3.4 0.0050 1.6 3.4 14.5 4.7 0.5 2.8
(928)5194.50_DolMicro 350 2462 8.8 0.0004 4.3 3.0 38.9 1.5 0.2 3.8
(928)5194.50_DolMicro 324 2252 8.7 0.0005 5.0 3.2 41.7 1.0 0.2 4.3
(928)5194.50_DolMicro 404 2465 8.3 0.0004 3.2 2.1 36.0 1.0 0.3 2.4
(928)5194.50_DolMicro 371 2046 7.5 0.0003 3.9 2.6 38.7 0.9 0.2 2.9
(928)5194.50_DolRomb 733 2148 3.6 0.0026 1.4 1.7 22.6 3.6 0.5 2.4
(928)5194.50_DolRomb 694 3036 3.4 0.0224 1.4 1.2 13.1 1.9 0.6 1.0
(928)5194.50_DolRomb 621 1115 3.9 0.0015 2.2 2.6 40.1 1.6 0.3 4.8
(928)5194.50_DolRomb 728 1838 2.6 0.0113 1.4 1.4 17.4 3.0 0.5 1.8
(928)5194.50_DolRomb 676 12096 14.3  0.0003 1.3 0.7 13.8 2.7 0.6 0.7
(928)5194.50_DolRomb 740 5129 2.5 0.0023 1.2 0.7 6.0 3.3 0.7 0.7
(928)5194.50_DolRomb 742 17491 2.4 0.0028 1.2 0.7 4.0 8.2 0.7 0.9
(928)5194.50_DolRomb 742 4437 2.5 0.0035 1.2 3.6 8.7 4.7 0.7 1.1
(928)5194.50_DolRomb 672 1485 35 0.0102 1.7 2.2 28.2 3.0 0.4 3.3
(928)5194.50_DolRomb 737 6515 3.2 0.0010 1.3 1.3 12.0 4.3 0.6 1.8
(928)5194.50_DolRomb 683 1404 35 0.0029 1.6 1.7 28.1 2.0 0.4 2.3
(928)5194.50_DolRomb 687 1210 2.9 0.0009 1.6 1.8 25.9 1.0 0.4 2.0
(928)5194.50_DolRomb 660 1624 3.3 0.0052 1.6 1.9 23.5 25 0.5 21
(928)5194.50_DolRomb 653 2153 35 0.0006 1.6 2.4 22.9 4.7 0.5 2.7
(928)5194.50_DolRomb 689 1577 2.7 0.0112 1.5 1.9 20.5 2.9 0.5 21
(928)5194.50_DolRomb 682 5097 3.1 0.0019 1.3 0.8 8.0 3.8 0.7 0.9
(928)5194.50_DolRomb 606 1413 4.8 0.0011 2.0 2.2 39.0 1.7 0.4 21
(928)5194.50_DolRomb 720 939 2.6 0.0016 1.7 2.6 31.6 2.0 0.4 3.2
(928)5194.50_DolRomb 673 2160 3.2 0.0017 1.5 2.0 17.9 2.6 0.6 1.6
(928)5194.50_DolRomb 680 989 2.9 0.0080 1.9 2.8 33.0 2.2 0.3 3.6

(SPH6)5124.60_CalcPart 256 3226 16.7  0.0003 6.0 1.8 48.4 0.7 0.2 1.5
(SPH6)5124.60_CalcPart 352 2396 12.0  0.0002 4.1 2.4 45.8 1.2 0.2 1.9
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Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
(SPH6)5124.60_CalcPart 288 3057 157  0.0006 5.3 2.5 47.2 0.8 0.2 2.3
(SPH6)5124.60_CalcPart 299 3073 154  0.0005 4.8 1.7 46.4 0.9 0.2 1.3
(SPH6)5124.60_CalcPart 227 3327 18.6  0.0003 7.3 2.2 52.2 0.8 0.1 1.5
(SPH6)5124.60_CalcPart 326 3134 151  0.0002 4.3 1.5 44.8 0.9 0.2 1.1
(SPH6)5124.60_CalcPart 271 3274 16.9  0.0003 5.7 2.0 48.1 0.8 0.2 1.4
(SPH6)5124.60_CalcPart 330 2882 153  0.0004 4.3 1.6 48.7 0.7 0.2 1.5
(SPH6)5124.60_CalcPart 349 3126 145  0.0009 3.9 1.5 42.7 0.9 0.2 1.3
(SPH6)5124.60_CalcPart 301 3049 153  0.0002 4.9 2.1 46.1 1.0 0.2 1.8
(SPH6)5124.60_CalcPart 297 2960 155  0.0004 5.1 2.2 48.1 0.9 0.2 1.7
(SPH6)5124.60_CalcPart 246 4907 25.7  0.0002 6.1 1.4 47.8 0.8 0.2 1.3
(SPH6)5124.60_CalcPart 274 3563 18.9  0.0017 5.5 2.3 48.8 0.9 0.2 1.8
(SPH6)5124.60_CalcPart 268 3193 17.3  0.0002 6.0 3.8 50.1 0.8 0.2 1.9
(SPH6)5124.60_CalcPart 418 2611 11.3  0.0003 3.0 1.4 39.5 0.7 0.3 1.5
(SPH6)5124.60_CalcPart 368 2850 13.6  0.0003 3.6 1.6 43.8 0.8 0.3 1.5
(SPH6)5124.60_CalcPart 275 3459 18.2  0.0001 5.4 1.6 47.9 0.7 0.2 1.5
(SPH6)5124.60_CalcPart 283 2772 14.9  0.0006 5.4 2.1 48.6 0.9 0.2 1.6
(SPH6)5124.60_CalcPart 294 3267 16.3  0.0008 4.9 1.6 45.1 0.9 0.2 1.4
(SPH6)5124.60_CalcPart 285 2690 14.7  0.0003 5.5 2.7 49.7 0.8 0.2 2.2
(SPH6)5124.60_DolRomb 655 4708 4.1 0.0018 1.3 0.7 8.5 0.8 0.7 0.5
(SPH6)5124.60_DolRomb 660 11047 6.5 0.0003 1.3 0.5 6.3 2.8 0.7 0.5
(SPH6)5124.60_DolRomb 659 4033 4.2 0.0003 1.3 0.8 10.0 0.8 0.7 0.7
(SPH6)5124.60_DolRomb 664 2689 2.8 0.0014 1.3 0.9 10.2 1.0 0.7 0.8
(SPH6)5124.60_DolRomb 658 2828 3.4 0.0014 1.4 0.8 11.7 0.8 0.7 0.9
(SPH6)5124.60_DolRomb 651 4288 3.9 0.0023 1.3 0.7 8.9 0.9 0.7 0.7
(SPH6)5124.60_DolRomb 663 4275 3.9 0.0005 1.3 0.6 8.7 0.9 0.7 0.6
(SPH6)5124.60_DolRomb 657 4553 4.2 0.0002 1.3 0.6 8.9 1.1 0.7 0.6
(SPH6)5124.60_DolRomb 650 5864 5.3 0.0026 1.3 0.5 8.7 0.7 0.7 0.5
(SPH6)5124.60_DolRomb 664 3364 35 0.0039 1.3 0.8 10.1 1.5 0.7 0.8
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Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
(SPH6)5124.60_DolRomb 708 1996 1.4 0.0043 1.2 1.0 6.9 2.6 0.7 0.9
(SPH6)5124.60_DolRomb 664 4646 3.3 0.0004 1.3 0.6 7.0 1.6 0.8 0.6
(SPH6)5124.60_DolRomb 657 5026 4.1 0.0008 1.3 0.6 8.2 2.3 0.7 0.7
(SPH6)5124.60_DolRomb 658 5698 4.8 0.0005 1.3 0.6 8.0 0.6 0.7 0.5
(SPH6)5124.60_DolRomb 658 3839 3.8 0.0109 1.3 0.7 9.4 0.9 0.7 0.7
(SPH6)5124.60_DolRomb 655 5074 4.1 0.0004 1.3 0.5 7.7 0.6 0.7 0.6
(SPH6)5124.60_DolRomb 662 5545 4.4 0.0036 1.3 0.6 75 1.0 0.7 0.6
(SPH6)5124.60_DolRomb 657 4155 4.2 0.1361 1.3 0.7 9.6 1.7 0.7 0.8
(SPH6)5124.60_DolRomb 650 3585 3.9 0.0031 1.3 0.7 10.2 1.1 0.7 0.7
(SPH6)5124.60_DolRomb 645 2479 3.4 0.0015 1.4 0.9 13.0 1.1 0.7 0.8

(SPH6)5124.60_DolSel 879 716 1.0 0.0001 1.1 1.9 14.8 15 0.6 1.8
(SPH6)5124.60_DolSel 920 705 0.6 0.0005 0.9 1.6 10.9 1.7 0.8 1.4
(SPH6)5124.60_DolSel 894 752 0.6 0.0004 1.0 1.8 9.6 2.0 0.7 1.6
(SPH6)5124.60_DolSel 879 771 0.2 0.0001 0.9 1.6 3.6 5.3 0.8 1.6
(SPH6)5124.60_DolSel 891 759 0.5 0.0002 1.0 1.7 8.4 2.1 0.8 1.6
(SPH6)5124.60_DolSel 812 792 1.5 0.0025 1.2 2.0 19.6 1.4 0.6 1.6
(SPH6)5124.60_DolSel 804 999 1.3 0.0000 1.1 1.5 13.8 1.9 0.7 1.6
(SPH6)5124.60_DolSel 867 725 0.4 0.0011 1.0 1.8 7.7 2.3 0.8 1.5
(SPH6)5124.60_DolSel 888 745 0.3 0.0014 1.0 1.8 4.6 3.9 0.8 1.8
(SPH6)5124.60_DolSel 855 777 0.3 0.0006 1.0 1.8 45 4.4 0.8 1.8
(SPH6)5124.60_DolSel 873 788 0.3 0.0041 1.0 1.7 5.0 3.7 0.8 1.6
(SPH6)5124.60_DolSel 814 758 0.7 0.0012 1.1 1.9 11.1 1.8 0.7 1.8
(SPH6)5124.60_DolSel 847 743 0.9 0.0010 1.1 1.8 12.6 1.5 0.7 1.5
(SPH6)5124.60_DolSel 887 752 0.5 0.0004 1.0 1.5 8.5 25 0.8 1.6
(SPH6)5124.60_DolSel 942 713 0.3 0.0034 0.9 1.8 45 4.2 0.8 1.7
(SPH6)5124.60_DolSel 891 657 0.6 0.0012 1.0 1.8 11.9 1.7 0.7 1.7
(SPH6)5124.60_DolSel 984 543 0.7 0.0037 0.9 2.2 15.3 1.7 0.7 1.7
(SPH6)5124.60_DolSel 968 649 0.3 0.0064 0.9 1.9 5.6 3.9 0.8 1.8
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Identificador f206c  “2%%Pb  Uppm Th/U 29%PbP%Ph 1s% 238 /206pPp 1s%  29PbP%%Ph  1s%
(SPH6)5124.60_DolSel 902 572 0.7 0.0073 1.0 2.1 13.9 1.9 0.7 2.0
(SPH6)5124.60_DolSel 906 608 0.6 0.0054 1.0 1.8 11.5 1.8 0.7 1.9

Barstow 468 5854 141.8  0.0000 2.6 0.8 270.0 0.9 0.3 0.9
Barstow 472 5048 124.9  0.0000 2.6 0.9 2745 0.7 0.3 0.9
Barstow 603 5691 101.9  0.0001 1.8 0.8 195.9 0.6 0.4 0.9
Barstow 598 7576 111.9  0.0001 1.6 0.7 157.3 0.7 0.5 0.7
Barstow 518 5039 111.7  0.0000 2.2 0.9 239.0 0.6 0.4 0.8
Barstow 515 5523 123.8  0.0000 2.2 1.0 240.9 1.0 0.4 0.9
Barstow 622 8828 100.9  0.0000 1.5 0.8 119.9 1.7 0.6 0.6
Barstow 529 4109 94.0  0.0000 2.2 1.1 238.8 0.6 0.4 0.9
Barstow 426 4233 117.6  0.0000 3.0 0.9 290.4 0.7 0.3 0.9
Barstow 304 7499 237.4  0.0000 4.6 1.7 3235 0.5 0.2 1.6
Barstow 474 3780 103.2  0.0000 2.6 1.0 278.1 0.8 0.3 1.1
Barstow 421 2903 90.3  0.0001 3.2 1.4 317.5 0.8 0.2 1.3
Barstow 523 5311 125.2  0.0000 2.1 1.0 233.6 0.8 0.4 0.9
Barstow 615 7547 108.0  0.0000 1.5 0.7 143.4 1.1 0.6 0.8
Barstow 545 4720 104.2  0.0000 2.0 0.8 220.3 0.8 0.4 0.8
Barstow 514 3870 104.3  0.0000 2.3 1.0 260.9 0.8 0.4 0.9
Barstow 466 4404 126.4  0.0000 2.6 1.0 276.2 0.7 0.3 1.0
Barstow 514 5088 126.4  0.0000 2.2 1.0 239.1 0.6 0.4 0.9
Barstow 555 5987 109.6  0.0000 1.8 0.7 171.4 0.7 0.5 0.7
Barstow 581 5774 103.2  0.0000 1.7 0.6 167.5 0.6 0.5 0.7
Barstow 584 5167 86.6  0.0000 1.7 0.6 155.9 0.6 0.5 0.8
Barstow 608 7148 102.0  0.0001 1.5 0.5 129.2 0.9 0.6 0.6
Barstow 512 5443 1285  0.0000 2.1 0.9 212.3 0.8 0.4 0.8
Barstow 533 3971 112.0  0.0000 2.2 1.0 255.1 0.7 0.4 1.1

90



Identificador f206c  2°Pb  Uppm Th/U  2%%Ppfo4pp 1s% 238U/2%%Ph 1s%  2°PbP%%Pbh  1s%
C_Walnut 314 4272 2.89  0.0077 4.6 2.3 215 0.8 0.2 1.9
C_Walnut 311 5172 354  73.0597 4.7 1.4 21.6 0.6 0.2 1.1
C_Walnut 284 6210 422  0.0012 5.2 1.4 21.4 0.5 0.2 1.0
C_Walnut 252 6673 479  0.0007 6.0 15 22.6 0.5 0.2 1.2
C_Walnut 331 4965 3.33  0.0042 4.4 1.9 21.1 0.7 0.2 1.7
C_Walnut 271 6079 412  0.0006 5.3 1.8 20.3 1.6 0.2 1.9
C_Walnut 295 6691 401  0.0002 4.8 2.2 18.8 25 0.2 2.8
C_Walnut 283 9820 495  0.0016 4.7 1.3 14.9 0.7 0.2 1.0
C_Walnut 244 4115 328  0.0005 6.2 2.0 22.3 0.5 0.2 1.4
C_Walnut 263 3527 2.70  0.0006 5.8 2.1 21.3 0.6 0.2 15
C_Walnut 241 4950 3.82  0.0001 6.1 1.3 21.4 0.5 0.2 1.2
C_Walnut 222 5871 490  0.0003 6.8 1.4 21.9 0.6 0.2 1.0
C_Walnut 233 4897 3.95  0.0001 6.3 1.4 21.1 0.5 0.2 1.0
C_Walnut 251 4488 357  0.0005 5.9 1.7 20.8 0.5 0.2 1.2
C_Walnut 297 3523 2.67  0.0158 4.9 2.5 18.8 0.9 0.2 1.7
C_Walnut 199 5076 464  0.0002 7.9 1.9 22.4 0.5 0.1 1.4
C_Walnut 216 4667 411  0.0004 7.1 1.7 215 0.5 0.2 1.3
C_Walnut 209 4447 4.02  0.0001 7.4 2.0 20.8 0.5 0.2 1.3
C_Walnut 228 4586 3.98  0.0005 6.5 1.5 19.8 0.7 0.2 1.1
C_Walnut 275 4560 3.42  0.0002 5.0 2.4 17.3 1.2 0.2 1.9
C_Walnut 194 4562 431  0.0017 8.2 2.1 21.6 0.5 0.1 1.3
C_Walnut 212 4461 410  0.0005 7.3 2.0 20.9 0.7 0.2 1.2

(923A)5100.75_CalcPart 746 1224 0.03  0.0207 1.1 1.2 0.6 15.9 0.8 1.1
(923A)5100.75_CalcPart 829 842 0.08  0.0061 1.0 1.5 2.2 6.0 0.8 1.4
(923A)5100.75_CalcPart 961 461 0.13  0.0268 1.0 2.4 6.9 4.1 0.7 2.1
(923A)5100.75_CalcPart 752 1297 0.07  1.1613 1.1 1.2 1.4 6.2 0.8 1.3
(923A)5100.75_CalcPart 869 650 0.02  0.2791 1.0 2.1 0.6 29.9 0.8 1.9
(923A)5100.75_CalcPart 764 1210 0.06  0.0575 1.1 1.4 1.3 7.7 0.8 15
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Identificador f206c  2°Pb  Uppm Th/U  2%%Pph/%%pp 1s% 238 /206pPp 1s%  29PbP%Ph  1s%
(923A)5100.75_CalcPart 703 2070 0.06  0.0158 1.2 0.9 0.6 7.7 0.9 0.8
(923A)5100.75_CalcPart 729 1301 0.01  0.0880 1.1 1.4 0.3 36.7 0.9 1.2
(923A)5100.75_CalcPart 701 1744 0.04  0.0131 1.2 1.2 0.5 11.7 0.8 0.9
(923A)5100.75_CalcPart 715 1641 0.05  0.0934 1.1 1.1 0.6 9.2 0.8 0.9
(923A)5100.75_CalcPart 729 1120 0.15  0.0044 1.2 1.4 3.3 3.6 0.8 1.3
(923A)5100.75_CalcPart 665 2153 019  0.0039 1.2 1.0 21 2.2 0.8 0.8
(923A)5100.75_CalcPart 769 846 0.08  0.0666 1.1 1.7 2.3 5.5 0.8 1.5
(923A)5100.75_CalcPart 768 784 0.15  0.0082 1.1 1.8 4.4 2.7 0.7 1.3
(923A)5100.75_CalcPart 730 871 0.18  0.0106 1.2 1.7 4.8 2.6 0.7 1.4
(923A)5100.75_CalcPart 792 676 0.14  0.0031 1.1 2.1 5.0 4.1 0.7 1.8
(923A)5100.75_CalcPart 779 872 0.14  0.0108 1.1 1.7 3.9 3.6 0.8 1.3
(923A)5100.75_CalcPart 756 1053 011  0.0150 1.1 1.6 2.6 4.3 0.8 1.1
(923A)5100.75_CalcPart 729 1174 0.16  0.0104 1.2 1.2 3.1 3.1 0.8 1.0
(923A)5100.75_CalcPart 798 670 0.14  0.0663 1.1 2.1 5.0 3.6 0.7 1.6
(923A)5100.75_DolBloc 1676 192 0.03  0.0035 0.6 5.0 4.6 15.9 0.8 4.2
(923A)5100.75_DolBloc 2254 162 0.01  0.0020 0.4 37.0 1.0 69.1 0.9 45
(923A)5100.75_DolBloc 3925 40 0.00  0.0036 0.2 16.7 -1.9 -413.8 0.5 53.3
(923A)5100.75_DolBloc ~ 1688 186 0.01  0.0032 0.6 4.3 1.3 50.3 1.0 3.8
(923A)5100.75_DolBloc 1309 262 0.01  0.0063 0.7 3.5 1.1 40.1 0.8 2.6
(923A)5100.75_DolBloc 4023 72 0.01  0.0099 0.4 13.7 -2.8 -132.8 1.1 22.3
(923A)5100.75_DolBloc 6871 69 0.00  0.0018 0.3 10.1 -3.8 -123.5 0.7 28.2
(923A)5100.75_DolBloc 3636 102 0.00  0.0022 0.4 8.4 -0.1 -5421.2 0.3 334.9
(923A)5100.75_DolBloc ~ 3763 920 0.00  0.0292 0.4 9.9 9.2 52.4 1.6 11.3
(923A)5100.75_DolBloc ~ 3748 65 0.01  0.0007 0.3 14.9 -3.5 -300.8 0.7 43.3
(923A)5100.75_DolBloc ~ 3117 106 001  0.0113 0.4 6.3 1.0 152.2 1.1 8.1
(923A)5100.75_DolBloc ~ 4181 91 0.00  0.0054 0.3 8.2 -4.8 -158.4 0.2 130.6
(923A)5100.75_DolBloc 4202 101 0.00  0.0138 0.4 18.2 -1.9 -224.3 0.2 143.5
(923A)5100.75_DolBloc 4348 96 001  0.0271 0.1 216.8 1.2 512.6 0.5 48.3
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Identificador f206c  2°Pb  Uppm Th/U  2%%Ppb/%%pp 1s% 238 /206pPp 1s%  29PbP%Ph  1s%
(923A)5100.75_DolBloc 2509 144 001  0.0377 0.5 5.7 0.1 -914.6 1.0 8.9
(923A)5100.75_DolBloc 2054 146 001  0.0374 0.5 5.2 1.3 76.2 0.9 6.7
(923A)5100.75_DolBloc 3996 82 0.01  0.0089 0.3 7.1 3.9 81.0 1.0 18.4
(923A)5100.75_DolBloc ~ 1685 212 0.01  0.0045 0.6 4.4 0.9 64.4 0.9 3.8
(923A)5100.75_DolBloc 1175 339 001  0.0124 0.8 3.3 0.8 43.8 0.8 2.3
(923A)5100.75_DolBloc 2724 100 0.00  0.0121 0.6 22.6 1.5 105.8 0.9 7.4
(923A)5100.75_DolRomt 801 1098 011  0.0241 1.0 1.3 2.9 35 0.8 1.3
(923A)5100.75_DolRomkt 896 761 0.10  0.0212 1.0 2.0 3.7 45 0.8 1.6
(923A)5100.75_DolRomkt 715 2276 011  0.0072 1.2 1.1 1.4 4.6 0.8 0.9
(923A)5100.75_DolRomt 1040 427 0.15  0.0085 0.9 2.9 9.6 3.8 0.8 2.3
(923A)5100.75_DolRomkt 943 562 0.35  0.0020 1.1 2.5 17.7 21 0.6 1.9
(923A)5100.75_DolRomkt 715 1859 0.13  0.0832 1.1 1.1 1.9 3.1 0.8 1.1
(923A)5100.75_DolRomt 779 962 0.28  0.0022 1.1 1.7 8.1 2.0 0.8 1.4
(923A)5100.75_DolRomt 821 954 0.09  0.0563 1.0 2.0 2.9 6.1 0.8 1.6
(923A)5100.75_DolRomt 817 874 020  0.0058 1.1 1.7 6.7 3.4 0.8 1.4
(923A)5100.75_DolRomkt 834 746 029  0.0014 1.1 5.8 10.6 1.9 0.7 1.7
(923A)5100.75_DolRomkt 920 678 0.13  0.0238 1.0 1.9 5.8 4.2 0.8 1.7
(923A)5100.75_DolRomkt 893 684 0.34  0.0037 1.1 2.4 13.3 2.6 0.7 1.8
(923A)5100.75_DolRomt 1001 900 0.16  0.0204 1.0 3.8 6.7 7.7 0.8 2.6
(923A)5100.75_DolRomt 1216 334 0.15  0.0105 0.8 2.9 11.9 3.2 0.7 2.8
(923A)5100.75_DolRomkt 772 1179 0.15  0.0059 1.1 1.4 3.6 3.7 0.8 1.1
(923A)5100.75_DolRomt 1078 373 001  0.2969 0.8 2.8 1.0 26.6 0.8 21
(923A)5100.75_DolRomkt 833 623 057  0.0017 1.3 2.2 24.8 1.5 0.5 1.9
(923A)5100.75_DolRomkt 983 522 0.49  0.0010 1.1 2.5 25.4 1.8 0.5 25
(923A)5100.75_DolRomt 787 888 0.43  0.0009 1.2 1.8 12.9 1.3 0.7 1.6
(923A)5100.75_DolRomkt 764 743 050  0.0016 1.3 2.0 17.7 1.2 0.6 1.8

(928)5015.10.1_CalcShru 906 1305 0.23  0.0038 0.9 1.2 5.7 2.6 0.8 1.2
(928)5015.10.1_CalcShru 928 1228 0.13  0.1257 0.9 2.0 3.8 4.6 0.9 1.4
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Identificador f206c  2°Pb  Uppm Th/U  2%%Ppb/%%pp 1s% 238 /206pPp 1s%  29PbP%Ph  1s%
(928)5015.10.1_CalcShru 1020 852 0.12  0.2598 0.8 1.6 4.6 3.2 0.8 1.6
(928)5015.10.1_CalcShru 778 4381 011  0.0160 1.0 0.7 1.0 4.8 0.9 0.6
(928)5015.10.1_CalcShru 911 1491 0.09  0.0264 0.9 1.4 21 5.7 0.9 1.3
(928)5015.10.1_CalcShru 973 1040 036  0.1832 1.0 2.1 12.7 3.6 0.7 1.8
(928)5015.10.1_CalcShru 757 3697 0.12  0.0433 1.0 0.7 1.1 4.6 0.9 0.7
(928)5015.10.1_CalcShru 807 3324 0.45  0.0162 1.0 1.3 9.4 4.2 0.8 1.1
(928)5015.10.1_CalcShru 788 1543 0.47  0.0529 1.1 1.2 9.6 2.0 0.8 1.1
(928)5015.10.1_CalcShru 946 1018 0.18  0.0269 0.9 1.6 6.3 3.8 0.8 1.5
(928)5015.10.1_CalcShru 970 988 0.13  0.0614 0.9 1.8 4.4 3.8 0.9 1.5
(928)5015.10.1_CalcShru 1120 753 020  0.0163 0.8 2.4 9.3 35 0.8 21
(928)5015.10.1_CalcShru 1168 609 0.10  0.0845 0.8 2.6 6.0 5.8 0.9 21
(928)5015.10.1_CalcShru 980 986 019  0.0083 0.9 1.7 6.6 35 0.8 1.6
(928)5015.10.1_CalcShru 871 1216 0.18  0.0043 1.0 1.6 5.6 4.6 0.9 1.4
(928)5015.10.1_CalcShru 899 1129 035  0.0114 1.0 1.6 11.8 4.3 0.8 1.7
(928)5015.10.1_CalcShru 743 2416 025  0.0342 1.1 1.4 3.4 35 0.9 1.0
(928)5015.10.1_CalcShru 718 3045 0.15  0.0250 1.1 0.7 1.4 2.7 0.9 0.7
(928)5015.10.1_CalcShru 774 1458 0.37  0.0027 1.1 1.1 7.4 2.2 0.8 1.0
(928)5015.10.1_CalcShru 1028 730 0.17  0.0166 0.9 2.3 8.5 4.6 0.8 1.8

(928)5015.10.1_Dollnt 642 2019 1.29  0.0035 1.5 1.1 18.9 1.6 0.6 1.3
(928)5015.10.1_Dollint 631 3008 1.57  0.0021 1.4 1.1 15.4 1.1 0.7 0.8
(928)5015.10.1_Dolint 688 4361 0.37  0.0061 1.2 1.7 3.0 3.8 0.8 0.7
(928)5015.10.1_Dollnt 672 2453 0.94  0.0041 1.3 1.1 11.9 21 0.7 1.0
(928)5015.10.1_Dolint 825 1176 0.04  0.3892 1.0 1.3 1.0 9.3 0.9 1.2
(928)5015.10.1_Dollnt 631 1625 1.14  0.0077 1.6 3.2 21.3 1.9 0.6 1.4
(928)5015.10.1_Dollnt 642 1888 112 0.0018 1.4 1.1 17.2 1.6 0.7 1.1
(928)5015.10.1_Dollnt 822 952 021  0.0067 1.0 2.1 6.6 35 0.8 2.2
(928)5015.10.1_Dollnt 577 3166 2.04  0.0026 1.6 0.9 18.9 1.5 0.6 1.0
(928)5015.10.1_Dollnt 601 1454 1.51  0.0003 1.8 1.8 30.9 1.7 0.5 1.8
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Identificador f206c  2°Pb  Uppm Th/U  2%%Ppb/%%pp 1s% 238 /206pPp 1s%  29PbP%Ph  1s%
(928)5015.10.1_Dolint 683 1417 0.78  0.0376 1.4 1.6 16.8 2.7 0.6 1.5
(928)5015.10.1_Dollnt 619 1810 1.31  0.0027 1.6 1.4 21.4 1.8 0.6 1.3
(928)5015.10.1_Dollnt 553 1712 1.73  0.0009 2.0 2.2 29.3 2.0 0.5 2.9
(928)5015.10.1_Dolint 693 1427 0.68  0.0012 1.3 1.3 13.7 1.4 0.7 1.3
(928)5015.10.1_Dolint 685 6826 024  0.0182 1.2 0.8 1.2 3.9 0.9 0.5
(928)5015.10.1_Dolint 695 2536 0.34  0.0057 1.2 0.9 3.8 1.9 0.8 0.7
(928)5015.10.1_Dolint 723 1540 0.40  0.0018 1.2 1.2 75 2.2 0.8 1.1
(928)5015.10.1_Dolint 659 3846 0.37  0.0051 1.2 0.6 2.7 1.9 0.8 0.6

Barstow 494 10092 8552  0.0000 2.3 0.8 266.2 0.7 0.4 0.9
Barstow 459 9504 89.43  0.0000 2.6 0.7 295.6 0.5 0.3 0.7
Barstow 476 9282 85.93  0.0000 25 0.7 288.6 0.5 0.3 0.9
Barstow 502 8716 62.22  0.0000 2.1 1.3 221.0 2.0 0.4 1.8
Barstow 490 5148 47.39  0.0000 2.4 0.9 272.9 0.8 0.3 1.2
Barstow 492 4131 41.71  0.0000 25 1.0 296.7 0.6 0.3 1.0
Barstow 514 3689 32.61  0.0000 2.2 1.1 251.5 0.9 0.4 1.3
Barstow 504 6235 52.03  0.0000 2.2 0.8 230.8 0.4 0.4 0.7
Barstow 533 6584 4921  0.0000 2.0 0.8 205.6 0.5 0.5 0.7
Barstow 480 6420 54.07  0.0000 2.2 0.8 218.7 0.6 0.4 0.8
Barstow 527 3973 37.06  0.0000 2.1 0.9 242.6 0.8 0.4 1.2
Barstow 470 4196 44.06  0.0000 25 1.1 2725 0.6 0.3 0.9
Barstow 429 5853 62.61  0.0000 2.8 1.3 267.7 1.0 0.3 1.2
Barstow 506 4131 37.08  0.0010 2.2 1.5 251.4 1.3 0.4 1.9
Barstow 485 5117 49.41  0.0000 2.3 0.8 234.6 0.6 0.4 0.8
Barstow 422 4927 55.89  0.0000 2.7 0.8 257.6 0.6 0.4 0.9
Barstow 488 3857 44.01  0.0000 2.4 1.0 258.2 0.6 0.4 0.9
Barstow 470 4724 51.77 _ 0.0000 2.4 0.9 248.8 0.8 0.4 1.1
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Identificador f206c  ?°Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Ph 1s% 207Pp29%Ph 1s%
C_Walnut 302 5093  3.02  0.0021 4.7 1.3 20.7 0.7 0.2 1.4
C_Walnut 283 6862  4.27  0.0004 5.1 1.1 20.1 0.5 0.2 1.1
C_Walnut 272 6935  4.36  0.0006 5.4 1.2 20.3 0.5 0.2 1.1
C_Walnut 271 7112 453  0.0023 5.5 1.1 20.4 0.6 0.2 1.1
C_Walnut 267 6102  3.99  0.0008 5.7 1.3 20.9 0.5 0.2 1.4
C_Walnut 257 5464  3.87  0.0003 5.7 1.2 21.4 0.7 0.2 1.0
C_Walnut 224 6570  4.63  0.0006 6.7 1.4 21.2 0.6 0.2 1.2
C_Walnut 251 5731  3.84  0.0003 5.9 1.3 20.1 0.7 0.2 1.2
C_Walnut 219 5387  3.97  0.0005 6.8 1.3 21.0 0.8 0.2 1.2
C_Walnut 221 5201  3.95  0.0003 6.9 1.4 21.3 0.7 0.2 1.6
C_Walnut 246 4552  3.41  0.0007 6.1 1.5 21.1 0.6 0.2 1.3
C_Walnut 215 4858 412 0.0007 7.2 1.5 22.4 0.6 0.1 1.4
C_Walnut 225 4399 359  0.0003 6.8 1.8 21.6 0.8 0.2 1.4
C_Walnut 221 4455 365  0.0016 7.0 1.5 21.7 0.7 0.2 1.4
C_Walnut 207 4526  3.94  0.0001 7.5 1.7 21.2 0.9 0.1 1.4
C_Walnut 242 3693  3.08  0.0001 6.3 1.7 20.7 0.7 0.2 1.7
C_Walnut 208 4490  3.92  0.0000 7.5 2.1 21.1 0.8 0.1 1.4
C_Walnut 234 3298 296  0.0001 6.6 1.8 20.6 0.8 0.2 1.4
C_Walnut 232 3321  3.01  0.0000 6.6 1.8 20.9 0.8 0.2 1.4
C_Walnut 224 3523 327  0.0001 6.8 1.6 21.1 0.6 0.2 15
C_Walnut 228 3953  3.81  0.0003 6.6 1.5 20.7 0.6 0.2 1.4
C_Walnut 228 3350  3.34  0.0003 6.7 1.7 21.2 0.6 0.2 1.4
C_Walnut 242 3036 293  0.0004 6.3 1.6 20.6 0.7 0.2 1.8
C_Walnut 239 3011  3.16  0.0005 6.5 2.0 20.7 0.7 0.2 1.7
C_Walnut 226 3321 355  0.0005 6.9 2.0 21.1 0.7 0.2 15
C_Walnut 234 3963  4.02  0.0025 6.4 1.7 19.8 0.8 0.2 15
C_Walnut 218 4452 508  0.0013 7.0 1.4 20.4 0.6 0.2 1.4
C_Walnut 239 3077 355  0.0012 6.7 1.9 20.8 0.7 0.1 1.7
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
C_Walnut 226 4087  4.65  0.0067 6.7 1.9 20.4 0.6 0.2 1.8
C_Walnut 229 2961  3.48  0.0004 7.2 2.8 21.0 0.7 0.1 2.0
C_Walnut 212 4524 530  0.0003 7.2 1.3 20.8 0.6 0.2 1.2

(928)5049.95_DolOstra 644 1651  1.36  0.0002 1.5 1.5 23.1 21 0.6 1.6
(928)5049.95_DolOstra 709 1419 058  0.0003 1.2 1.5 11.2 2.2 0.7 1.3
(928)5049.95_DolOstra 839 677 0.28  0.0023 1.0 2.0 11.0 2.3 0.7 2.0
(928)5049.95_DolOstra 659 1341  1.00  0.0004 1.4 1.7 20.1 25 0.6 1.8
(928)5049.95_DolOstra 736 1079 039  0.0030 1.2 15 9.7 2.0 0.7 1.6
(928)5049.95_DolOstra 940 759 0.02  0.0110 0.9 2.2 0.9 22.7 0.9 2.0
(928)5049.95_DolOstra 887 755 0.13  0.0087 1.0 2.2 5.0 5.7 0.8 2.0
(928)5049.95_DolOstra 769 1213 0.06  0.0164 1.1 4.2 1.3 10.5 0.9 1.5
(928)5049.95_DolOstra 839 888 0.03  0.0191 1.0 1.8 1.1 15.5 0.9 1.7
(928)5049.95_DolOstra 784 1046 020  0.0113 1.1 1.7 5.3 3.7 0.8 1.7
(928)5049.95_DolOstra 909 826 017  0.1267 1.0 4.6 6.9 5.4 0.8 21
(928)5049.95_DolOstra 873 719 0.17  0.0331 1.0 2.7 6.8 4.7 0.8 21
(928)5049.95_DolOstra 849 836 0.14  0.0038 1.0 1.9 45 4.0 0.8 1.8
(928)5049.95_DolOstra 908 753 0.13  0.0071 1.0 2.2 4.8 4.7 0.8 1.9
(928)5049.95_DolOstra 840 823 0.14  0.0035 1.0 1.8 4.6 4.8 0.8 1.9
(928)5049.95_DolOstra 1151 352 0.04  0.0087 0.8 3.7 3.1 12.8 0.9 3.2
(928)5049.95_DolOstra 1128 364 0.04  0.0070 0.8 3.8 3.0 14.4 0.9 3.2
(928)5049.95_DolOstra 1129 383 0.05  0.0060 0.8 3.9 3.7 12.4 0.8 3.4
(928)5049.95_DolOstra 1251 327 0.05  0.0062 0.7 35 3.7 10.9 0.9 3.1
(928)5049.95_DolOstra 1173 395 0.03  0.0225 0.8 35 2.1 17.2 0.8 25
(928)5049.95_DolPonte 684 2027  0.43  0.0012 1.3 1.2 7.0 4.2 0.7 1.3
(928)5049.95_DolPonte 730 1132 051  0.0014 1.2 2.0 11.6 2.3 0.7 1.6
(928)5049.95_DolPonte 703 76169  0.47  0.0017 1.1 0.2 0.2 3.0 0.8 0.2
(928)5049.95_DolPonte 941 488 0.07  0.0054 0.9 2.6 3.5 7.9 0.9 25
(928)5049.95_DolPonte 2757 122 0.01  0.0052 0.5 7.2 1.7 103.7 0.9 9.8
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
(928)5049.95_DolPonte 772 940 0.31  0.0005 1.1 1.8 7.9 2.5 0.8 1.8
(928)5049.95_DolPonte 776 774 0.36  0.0008 1.1 1.9 12.2 3.4 0.7 1.9
(928)5049.95_DolPonte 679 2135  0.47  0.0003 1.2 1.0 5.5 2.6 0.8 1.0
(928)5049.95_DolPonte 835 683 0.19  0.0029 1.1 2.0 7.4 4.0 0.8 1.9
(928)5049.95_DolPonte 772 853 0.50  0.0002 1.2 2.0 14.6 2.6 0.7 1.8
(928)5049.95_DolPonte 737 856 0.47  0.0007 1.3 2.0 13.1 1.7 0.6 1.7
(928)5049.95_DolPonte 711 962 0.62  0.0001 1.3 1.8 15.6 2.0 0.7 1.7
(928)5049.95_DolPonte 693 1163  0.72  0.0002 1.3 1.6 14.8 1.6 0.7 1.5
(928)5049.95_DolPonte 714 1175 0.5  0.0000 1.2 15 9.3 2.4 0.7 1.5
(928)5049.95_DolPonte 747 1026  0.28  0.0001 1.1 15 6.6 2.4 0.8 1.6
(928)5049.95_DolPonte 654 1050  0.90  0.0000 1.5 2.4 20.0 1.1 0.6 1.9
(928)5049.95_DolPonte 686 1812  0.30  0.0034 1.2 1.1 4.0 2.6 0.8 1.0
(928)5049.95_DolPonte 812 602 0.26  0.0004 1.1 2.7 10.3 3.6 0.7 2.2
(928)5049.95_DolPonte 1062 305 0.06  0.0052 0.8 4.4 4.9 8.4 0.8 3.2
(928)5049.95_DolPonte 778 756 0.28  0.0002 1.1 2.0 8.4 35 0.8 1.7

(SPH6)5113.00_CalcOstr 665 2320 1.68  0.0073 1.5 1.2 23.0 1.0 0.5 1.1
(SPH6)5113.00_CalcOstr 697 1983  1.30  0.0010 1.4 1.7 20.5 1.2 0.6 1.6
(SPH6)5113.00_CalcOstr 676 2691 158  0.0010 1.4 1.2 19.2 2.2 0.6 1.5
(SPH6)5113.00_CalcOstr 736 44895  2.25  0.0042 1.1 0.9 1.7 35 0.8 0.2
(SPH6)5113.00_CalcOstr 600 2791 247  0.0007 1.8 1.5 27.6 0.9 0.5 1.6
(SPH6)5113.00_CalcOstr 552 3560  3.17  0.0003 2.0 1.3 27.7 0.9 0.4 1.3
(SPH6)5113.00_CalcOstr 526 3576 354  0.0120 2.1 1.2 31.0 0.6 0.4 0.9
(SPH6)5113.00_CalcOstr 335 3348  5.16  0.0008 4.5 1.9 47.9 0.7 0.2 1.6
(SPH6)5113.00_CalcOstr 436 2764 391  0.0006 3.1 1.8 44.1 0.8 0.2 1.5
(SPH6)5113.00_CalcOstr 538 2032 230  0.0004 2.2 1.9 35.3 1.2 0.3 1.5
(SPH6)5113.00_CalcOstr 471 3211  3.70  0.0003 2.5 1.2 35.7 0.9 0.3 1.2
(SPH6)5113.00_CalcOstr 429 2991 392  0.0018 3.0 15 40.7 0.8 0.3 1.5
(SPH6)5113.00_CalcOstr 687 2525  1.08  0.0041 1.3 1.2 13.3 0.8 0.7 1.0
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
(SPH6)5113.00_CalcOstr 725 2039  0.96  0.0034 1.3 1.1 14.7 0.9 0.6 1.0
(SPH6)5113.00_CalcOstr 716 1931  0.85  0.0015 1.2 1.2 13.6 1.2 0.7 1.2
(SPH6)5113.00_CalcOstr 709 2195  0.90  0.0011 1.3 1.2 12.6 1.2 0.7 1.0
(SPH6)5113.00_CalcOstr 705 2077 090  0.0034 1.3 1.3 13.2 1.2 0.7 1.1
(SPH6)5113.00_CalcOstr 724 1870  0.85  0.0073 1.2 1.2 13.9 1.2 0.7 1.1
(SPH6)5113.00_CalcOstr 692 2277  0.92  0.0019 1.3 1.2 12.4 0.9 0.7 1.0
(SPH6)5113.00_CalcOstr 688 2272 1.08  0.0302 1.3 1.1 14.4 1.0 0.7 1.1
(SPH6)5113.00_CalcPar 602 3122 207  0.0004 1.6 1.1 18.5 1.3 0.6 1.1
(SPH6)5113.00_CalcPar 449 2937  3.83  0.0002 2.7 15 36.5 0.9 0.3 1.4
(SPH6)5113.00_CalcPar 602 2112 155  0.0017 1.6 1.4 20.6 0.8 0.5 1.2
(SPH6)5113.00_CalcPar 314 3934  6.43  0.0001 4.4 1.7 455 0.8 0.2 1.5
(SPH6)5113.00_CalcPar 462 3730  3.98  0.0003 2.4 1.3 29.5 0.7 0.4 1.2
(SPH6)5113.00_CalcPar 558 2666 226  0.0004 1.8 1.0 23.4 0.7 0.5 1.0
(SPH6)5113.00_CalcPar 444 2957  3.88  0.0002 2.7 1.2 36.0 0.8 0.3 1.2
(SPH6)5113.00_CalcPar 550 2062 173  0.0003 1.9 1.3 23.4 0.9 0.5 1.2
(SPH6)5113.00_CalcPar 502 1632 212  0.0079 2.4 2.0 35.7 0.9 0.3 2.0
(SPH6)5113.00_CalcPar 568 1808  1.73  0.0006 1.8 1.3 26.3 0.9 0.5 1.3
(SPH6)5113.00_CalcPar 537 2643 247  0.0002 2.0 2.4 25.7 1.5 0.5 1.6
(SPH6)5113.00_CalcPar 452 2817  3.39  0.0003 2.6 1.3 33.0 1.0 0.4 1.2
(SPH6)5113.00_CalcPar 491 2212 275  0.0002 2.3 1.5 33.7 0.7 0.4 1.4
(SPH6)5113.00_CalcPar 488 2058 2550  0.0003 2.4 1.7 33.0 0.8 0.4 1.4
(SPH6)5113.00_CalcPar 470 2424  3.07  0.0004 2.5 1.7 34.0 0.7 0.4 1.5
(SPH6)5113.00_CalcPar 557 1535 171  0.0008 2.0 1.8 30.0 1.0 0.4 1.4
(SPH6)5113.00_CalcPar 546 1530 191  0.0008 2.1 1.9 33.7 1.1 0.4 1.4
(SPH6)5113.00_CalcPar 574 2083  1.82  0.0007 1.8 1.3 23.4 1.0 0.5 1.4
(SPH6)5113.00_CalcPar 496 3308  3.57  0.0003 2.2 1.1 28.7 0.7 0.4 1.0
(SPH6)5113.00_CalcPar 590 2616  1.78  0.0019 1.6 1.0 18.2 0.8 0.6 1.1

(SPH6)5113.00_DolBloc 1942 233 0.32  0.0039 0.8 9.7 43.6 3.4 0.3 7.0
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
(SPH6)5113.00_DolBloc 1587 281 0.34  0.0085 0.8 4.9 38.3 2.6 0.4 7.0
(SPH6)5113.00_DolBloc 1324 381 050  0.0111 1.0 4.0 40.2 21 0.3 5.5
(SPH6)5113.00_DolBloc 1238 363 0.37  0.0073 0.9 35 31.1 2.2 0.5 4.0
(SPH6)5113.00_DolBloc 1073 479 0.57  0.0025 1.2 4.9 35.8 2.0 0.4 3.6
(SPH6)5113.00_DolBloc ~ 1112 445 0.53  0.0024 1.1 3.4 36.4 2.4 0.4 4.2
(SPH6)5113.00_DolBloc 1081 429 0.61  0.0013 1.4 9.5 43.3 2.4 0.3 6.1
(SPH6)5113.00_DolBloc 1734 261 0.31  0.0011 0.8 4.3 36.9 3.2 0.4 5.5
(SPH6)5113.00_DolBloc 1413 289 0.39  0.0031 1.0 5.8 40.3 2.7 0.4 6.3
(SPH6)5113.00_DolBloc 1074 453 0.39  0.0038 1.0 3.4 25.8 1.9 0.6 3.3
(SPH6)5113.00_DolBloc 1769 248 0.26  0.0052 0.7 45 33.1 35 0.4 6.4
(SPH6)5113.00_DolBloc 1626 261 0.13  0.0063 0.6 35 16.3 4.1 0.7 4.1
(SPH6)5113.00_DolBloc 1417 308 0.24  0.0180 0.8 3.6 23.2 3.0 0.6 3.3
(SPH6)5113.00_DolBloc 1240 353 0.24  0.0056 0.9 3.1 20.5 2.8 0.6 3.7
(SPH6)5113.00_DolBloc 1342 270 0.17  0.0087 0.8 4.6 18.7 4.3 0.6 3.6
(SPH6)5113.00_DolBloc 1196 388 029  0.0074 0.9 3.8 22.1 2.7 0.6 3.6
(SPH6)5113.00_DolBloc 1147 418 0.25  0.0568 1.1 18.4 18.3 2.8 0.6 3.4
(SPH6)5113.00_DolBloc 904 703 0.30  0.0359 1.0 2.4 12.1 1.9 0.7 21
(SPH6)5113.00_DolBloc ~ 1372 343 0.16  0.0295 0.8 6.2 14.2 35 0.6 3.6
(SPH6)5113.00_DolBloc 1679 226 021  0.0057 0.7 9.3 27.1 5.0 0.6 6.5
(SPH6)5127.90_CalcPar 649 4452  0.39  0.0072 1.2 0.7 1.7 2.6 0.8 0.6
(SPH6)5127.90_CalcPar 628 2620 122  0.0010 1.4 0.9 8.9 1.4 0.7 1.0
(SPH6)5127.90_CalcPar 630 2392 120  0.0013 1.4 1.0 9.9 1.3 0.7 1.0
(SPH6)5127.90_CalcPar 631 3711  0.78  0.0016 1.3 0.8 4.0 1.1 0.8 0.7
(SPH6)5127.90_CalcPar 581 2383 218  0.0016 1.6 1.1 17.6 1.3 0.6 1.2
(SPH6)5127.90_CalcPar 612 5280  1.52  0.0011 1.4 0.6 5.5 0.9 0.8 0.6
(SPH6)5127.90_CalcPar 596 3451 175  0.0004 1.5 0.9 9.7 0.9 0.7 0.8
(SPH6)5127.90_CalcPar 597 2120 178  0.0008 1.5 1.1 15.9 1.4 0.6 0.9
(SPH6)5127.90_CalcPar 581 2351 209  0.0010 1.6 1.6 16.8 1.4 0.6 1.2

100



Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
(SPH6)5127.90_CalcPar 576 2139  1.88  0.0007 1.6 1.1 16.8 1.1 0.6 1.3
(SPH6)5127.90_CalcPar 644 3182  0.78  0.0020 1.3 0.8 4.6 1.1 0.8 0.8
(SPH6)5127.90_CalcPar 633 4562  1.00  0.0018 1.3 0.7 4.1 1.3 0.8 0.7
(SPH6)5127.90_CalcPar 612 3985 146  0.0011 1.4 0.8 6.8 1.0 0.8 0.7
(SPH6)5127.90_CalcPar 615 4131 154  0.0014 1.4 0.7 6.9 0.9 0.8 0.7
(SPH6)5127.90_CalcPar 617 4627  1.37  0.0031 1.3 0.8 5.3 0.8 0.8 0.6
(SPH6)5127.90_CalcPar 642 4651  0.61  0.0036 1.3 0.6 2.4 1.0 0.8 0.5
(SPH6)5127.90_CalcPar 620 3034  1.18  0.0022 1.4 0.8 7.1 1.1 0.8 0.8
(SPH6)5127.90_CalcPar 629 4102 121 0.0021 1.3 0.7 5.4 0.8 0.8 0.6
(SPH6)5127.90_CalcPar 633 4566  0.64  0.0033 1.3 0.7 2.5 1.7 0.8 0.6
(SPH6)5127.90_CalcPar 630 3618  1.10  0.0017 1.3 0.8 5.5 1.1 0.8 0.8
(928)5049.95_DolPooled 640 1667  1.36  0.0002 1.5 15 22.7 2.3 0.6 1.6
(928)5049.95_DolPooled 700 1526 059  0.0046 1.2 1.4 10.6 2.9 0.8 1.3
(928)5049.95_DolPooled 829 746 0.28  0.0022 1.0 1.8 10.3 3.0 0.8 1.9
(928)5049.95_DolPooled 662 1230  1.02  0.0004 1.4 2.0 21.6 1.6 0.6 1.8
(928)5049.95_DolPooled 732 1107 039  0.0026 1.2 1.4 9.5 2.2 0.7 1.5
(928)5049.95_DolPooled 962 528 0.02  0.0306 0.9 2.9 1.2 23.1 0.8 2.6
(928)5049.95_DolPooled 888 807 0.13  0.0058 1.0 2.0 4.7 6.1 0.8 2.0
(928)5049.95_DolPooled 741 1346  0.06  0.0216 1.1 4.1 1.3 9.3 0.9 1.4
(928)5049.95_DolPooled 834 739 0.03  0.0208 1.0 2.1 1.2 17.4 0.8 2.0
(928)5049.95_DolPooled 788 948 020  3.8689 1.1 1.8 5.6 3.2 0.8 1.8
(928)5049.95_DolPooled 915 691 0.17  0.0058 1.0 5.1 7.3 5.3 0.8 2.3
(928)5049.95_DolPooled 868 760 0.17  0.0130 1.0 2.4 6.6 4.9 0.8 21
(928)5049.95_DolPooled 848 780 0.14  0.0049 1.0 2.0 4.6 4.1 0.8 1.9
(928)5049.95_DolPooled 918 551 011  0.0175 1.0 2.8 5.1 4.9 0.8 2.4
(928)5049.95_DolPooled 833 771 0.14  0.0035 1.0 1.9 4.8 4.8 0.8 1.9
(928)5049.95_DolPooled 1167 301 0.04  0.0083 0.8 4.2 3.3 13.9 0.8 3.6
(928)5049.95_DolPooled 1198 257 0.04  0.0044 0.7 4.8 3.5 17.2 0.9 4.4
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
(928)5049.95_DolPooled 1189 321 0.05  0.0049 0.7 4.4 4.3 11.8 0.9 4.1
(928)5049.95_DolPooled 1287 268 0.04  0.0048 0.7 4.3 4.1 15.2 0.9 4.1
(928)5049.95_DolPooled 1255 299 0.03  0.0026 0.7 4.2 2.6 19.2 0.8 3.1
(928)5049.95_DolPooled 689 1555  0.42  0.0013 1.2 1.5 7.8 3.6 0.7 1.5
(928)5049.95_DolPooled 731 1104 051  0.0009 1.2 21 11.7 2.2 0.7 1.6
(928)5049.95_DolPooled 705 65211  0.46  0.0021 1.1 0.2 0.2 2.7 0.8 0.2
(928)5049.95_DolPooled 996 384 0.07  0.0021 0.9 3.2 4.2 8.6 0.9 3.1
(928)5049.95_DolPooled 3038 91 0.01  0.0063 0.4 8.5 1.5 139.6 0.9 11.3
(928)5049.95_DolPooled 786 875 0.30  0.0005 1.1 21 8.3 25 0.8 21
(928)5049.95_DolPooled 779 694 0.35  0.0008 1.1 21 12.5 2.9 0.7 2.0
(928)5049.95_DolPooled 675 2102  0.48  0.0003 1.2 1.1 5.6 2.7 0.8 1.0
(928)5049.95_DolPooled 845 608 0.19  0.0017 1.0 2.2 7.9 3.7 0.8 21
(928)5049.95_DolPooled 777 788 0.50  0.0002 1.2 2.2 15.3 2.3 0.7 2.0
(928)5049.95_DolPooled 735 861 0.47  0.0005 1.3 21 13.0 1.8 0.6 1.8
(928)5049.95_DolPooled 710 953 0.62  0.0001 1.3 2.0 15.5 1.8 0.7 1.8
(928)5049.95_DolPooled 699 1118  0.72  0.0001 1.3 1.8 15.1 1.5 0.7 1.5
(928)5049.95_DolPooled 709 1294  0.46  0.0000 1.2 15 8.9 3.1 0.7 1.5
(928)5049.95_DolPooled 745 1011  0.28  0.0001 1.1 1.5 6.6 2.4 0.8 1.7
(928)5049.95_DolPooled 656 1041  0.90  0.0000 1.5 2.3 19.9 1.1 0.6 1.8
(928)5049.95_DolPooled 682 1947 030  0.0022 1.2 1.0 3.7 3.2 0.8 1.0
(928)5049.95_DolPooled 799 624 0.25  0.0043 1.1 2.9 9.5 3.1 0.7 2.4
(928)5049.95_DolPooled 1046 317 0.06  0.0032 0.8 3.7 45 8.7 0.8 2.9
(928)5049.95_DolPooled 777 762 0.28  0.0003 1.1 2.0 8.4 3.4 0.8 1.7

Barstow 544 14798 102.97  0.0000 2.0 0.6 221.0 0.8 0.4 0.6
Barstow 508 12711  98.74  0.0000 2.2 0.5 246.3 0.6 0.4 0.6
Barstow 584 14748 88.31  0.0000 1.7 0.6 190.3 1.1 0.5 0.6
Barstow 437 9220  83.71  0.0000 2.7 0.8 271.2 0.6 0.3 0.7
Barstow 479 9936  76.04  0.0000 2.3 0.8 228.9 0.6 0.4 0.8
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Identificador f206c  2°Pb  Uppm Th/U 206pp204ph 1s% 238 /206pPp 1s% 207Pp/2%%ph 1s%
Barstow 519 9547  66.41  0.0000 2.0 0.6 206.7 0.5 0.5 0.7
Barstow 507 8417  59.18  0.0000 2.0 0.5 196.6 0.6 0.5 0.6
Barstow 408 9358  91.13  0.0000 2.9 0.8 273.2 0.9 0.3 1.0
Barstow 425 10419  93.98  0.0000 2.7 1.0 252.3 0.6 0.4 1.1
Barstow 474 3895  40.06  0.0000 2.5 1.1 270.2 0.7 0.3 1.0
Barstow 438 6052  61.33  0.0000 2.7 0.8 264.3 0.5 0.3 0.8
Barstow 420 9193  92.40  0.0000 2.8 0.7 262.6 0.6 0.3 1.2
Barstow 418 7465  79.51  0.0000 2.8 0.8 259.7 0.5 0.3 0.9
Barstow 436 5491  57.53  0.0000 2.7 0.9 255.4 0.7 0.3 0.8
Barstow 451 7462  71.30  0.0000 2.5 0.7 232.4 0.7 0.4 0.7
Barstow 480 4083  41.84  0.0000 2.3 0.9 232.0 0.7 0.4 0.9
Barstow 386 5185  63.23  0.0000 3.2 0.8 274.0 0.7 0.3 1.3
Barstow 416 6442 7574  0.0000 2.8 0.9 264.6 0.5 0.3 0.9
Barstow 492 11637 80.26  0.0000 2.1 1.7 160.5 3.2 0.5 2.0
Barstow 402 5167  66.59  0.0000 3.0 0.9 269.8 0.6 0.3 1.1
Barstow 550 6503  41.61  0.0000 1.7 0.6 134.0 0.7 0.6 0.6
Barstow 438 3373 46,53  0.0000 2.8 1.0 266.8 0.7 0.3 1.1
Barstow 474 7814  79.29  0.0000 2.2 0.7 195.0 0.6 0.5 0.7
Barstow 380 5524  80.51  0.0001 3.3 1.0 279.9 0.7 0.3 1.1
Barstow 417 6297  88.22  0.0000 2.8 0.8 249.0 0.7 0.3 0.8
Barstow 400 5420  86.59  0.0000 3.1 1.0 280.2 0.5 0.3 1.0
Barstow 453 7824  96.12  0.0000 2.4 1.0 216.3 1.1 0.4 1.3
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
C_Walnut 232 3098 599  0.0031 6.8 1.3 21.8 2.0 0.1 9.5
C_Walnut 314 2931 555 0.0181 4.8 1.8 21.0 0.8 0.2 1.8
C_Walnut 354 2575 472  0.0011 4.2 1.9 20.7 1.4 0.2 2.2
C_Walnut 498 1815  3.15  0.0040 3.0 2.9 19.4 0.9 0.2 25
C_Walnut 345 2597  4.98  0.0042 4.4 1.8 215 0.8 0.2 1.8
C_Walnut 284 3317 548  0.0021 5.4 2.4 19.8 0.7 0.2 1.6
C_Walnut 320 2237  3.80 0.0010 4.8 2.4 20.4 0.8 0.2 2.2
C_Walnut 305 2471 434  0.0563 5.1 25 21.1 0.8 0.2 2.0
C_Walnut 297 2338  4.01  0.0020 5.4 2.7 22.0 1.0 0.1 2.3
C_Walnut 330 1874  3.02  0.0032 4.7 2.8 20.8 0.9 0.2 2.1
C_Walnut 229 3695  6.01  0.0004 6.8 1.7 20.9 0.7 0.1 1.4
C_Walnut 258 2146  3.38  0.0001 6.6 3.1 215 1.0 0.1 2.4
C_Walnut 197 3507 575  0.0000 8.2 2.1 22.4 0.7 0.1 1.7
C_Walnut 205 3320 5.36  0.0000 8.1 2.7 22.1 0.9 0.1 2.1
C_Walnut 246 3684 507  0.0009 6.3 1.9 19.9 0.9 0.2 2.3
C_Walnut 186 4082  6.22  0.0010 8.8 1.7 22.0 0.7 0.1 1.6
C_Walnut 503 932 1.22  0.0026 3.0 3.3 18.9 1.2 0.2 3.4
C_Walnut 314 2225 296  0.0069 4.8 2.2 20.2 0.9 0.2 1.9
C_Walnut 199 3765 5.35 0.0018 8.2 25 21.6 0.6 0.1 1.9
C_Walnut 206 3652  4.80 0.0032 7.9 2.1 20.0 0.8 0.1 1.7
C_Walnut 299 2335  3.05 0.0040 5.1 2.3 19.9 0.7 0.2 1.7
C_Walnut 199 4133 560 0.0013 8.1 2.2 20.7 0.8 0.1 1.9

(928)5020.10_DolRomb 735 1424  1.07  0.0057 1.2 1.5 9.6 25 0.7 1.4
(928)5020.10_DolRomb 837 1131 029  0.0289 1.0 1.8 3.3 4.4 0.8 1.8
(928)5020.10_DolRomb 878 674  0.67  0.0060 1.0 2.2 13.2 3.4 0.8 25
(928)5020.10_DolRomb 679 1953  1.24  0.0028 1.2 1.2 7.9 2.2 0.8 1.1
(928)5020.10_DolRomb 1044 527  0.14 0.1333 0.8 3.4 3.3 10.3 0.9 2.8
(928)5020.10_DolRomb 3364 118 0.01  0.0316 0.4 6.6 7.7 70.8 0.7 19.2
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Identificador f206c  ?%%Pb  Uppm Th/U 206pp204ph 1s% 238/206pPp 1s% 207Pp29%pp 1s%
(928)5020.10_DolRomb 1063 455 0.26  0.0545 0.9 3.4 7.7 5.0 0.8 25
(928)5020.10_DolRomb 3108 79 0.02  0.0703 0.3 6.4 7.1 63.9 2.0 31.9
(928)5020.10_DolRomb 938 500 0.76  1.8917 1.2 6.4 19.5 2.9 0.6 3.1
(928)5020.10_DolRomb 642 5255  0.89  0.0052 1.2 0.6 2.2 2.3 0.8 0.6
(928)5020.10_DolRomb 664 2123 151  0.0012 1.3 1.3 9.0 1.3 0.8 1.2
(928)5020.10_DolRomb 625 2974  1.93  0.0019 1.4 1.0 8.3 1.7 0.7 1.2
(928)5020.10_DolRomb 648 2197  1.73  0.0026 1.3 1.1 10.1 1.7 0.8 1.4
(928)5020.10_DolRomb 697 1230  1.05  0.0070 1.3 1.6 11.3 3.2 0.7 1.7
(928)5020.10_DolRomb 639 2114 158  0.0055 1.4 1.3 9.6 1.8 0.7 1.2
(928)5020.10_DolRomb 607 2993 243  0.0037 1.4 1.0 10.4 1.1 0.7 1.0
(928)5020.10_DolRomb 661 1935  1.02  0.0315 1.3 1.3 6.7 15 0.7 1.2
(928)5020.10_DolRomb 628 4337 176  0.0026 1.3 0.9 5.7 3.8 0.8 0.9
(928)5020.10_DolRomb 634 1651  1.51  0.0031 1.4 15 11.7 1.6 0.7 1.4
(928)5020.10_DolRomb 641 2166  1.65 0.0015 1.3 1.2 9.9 1.7 0.7 1.2

(928)5020.10_DolSel 857 957 0.88  0.0162 1.0 2.0 11.3 3.3 0.8 2.0
(928)5020.10_DolSel 776 1574  0.82 0.1326 1.0 1.3 6.1 2.7 0.9 1.3
(928)5020.10_DolSel 737 1811  0.89  0.1057 1.1 1.3 5.9 3.0 0.9 1.2
(928)5020.10_DolSel 843 1389  0.72  0.0270 1.0 1.3 6.5 3.7 0.9 1.5
(928)5020.10_DolSel ~ 1101 1463  -0.01  0.1434 1.0 12.6 -0.2 -196.2 0.9 21
(928)5020.10_DolSel 1089 756 0.90 0.0668 1.0 3.1 19.9 5.0 0.7 3.4
(928)5020.10_DolSel 1202 569 0.79  0.0943 0.9 2.8 20.8 5.2 0.7 3.6
(928)5020.10_DolSel 3304 306  -0.01 0.0751 0.4 121 -0.2 -1864.5 1.1 16.1
(928)5020.10_DolSel 1008 567 0.92  0.0401 1.0 3.3 20.6 35 0.7 2.6
(928)5020.10_DolSel 018 855 0.47  0.0096 0.9 2.0 6.4 2.9 0.8 1.6
(928)5020.10_DolSel 793 1231  0.64  0.0301 1.0 1.8 6.8 4.0 0.8 1.4
(928)5020.10_DolSel 699 3769  0.33  0.0238 1.1 1.0 1.1 5.0 0.9 0.8
(928)5020.10_DolSel 697 1436 212  0.0103 1.3 1.4 17.8 2.6 0.7 1.6
(928)5020.10_DolSel 723 1139 1.64  0.0113 1.3 2.2 17.8 2.7 0.7 1.7

105



Identificador f206c  ?%%Pb  Uppm Th/U 206pp204ph 1s% 238/206pPp 1s% 207Pp29%pp 1s%
(928)5020.10_DolSel 682 1350  2.28  0.0054 1.4 1.6 21.6 3.0 0.6 2.0
(928)5020.10_DolSel 734 1020  1.34  0.0264 1.3 1.8 15.8 2.0 0.7 1.6
(928)5020.10_DolSel 624 1610  2.67 0.0154 1.5 1.4 20.4 25 0.6 1.5
(928)5020.10_DolSel 671 1780 253  0.0523 1.3 1.6 17.2 2.2 0.7 1.3
(928)5020.10_DolSel 684 1308  2.05  0.0040 1.3 1.5 19.7 2.7 0.7 1.5
(928)5020.10_DolSel 702 1612  1.25  0.1020 1.2 1.2 10.0 3.2 0.8 1.3
(928)5020.10_Peloid 652 1920  0.95 0.0013 1.3 1.2 6.7 2.6 0.8 1.2
(928)5020.10_Peloid 634 1565  1.83  0.0024 1.5 15 15.7 25 0.6 1.6
(928)5020.10_Peloid 561 3743  3.94  0.0039 1.7 1.7 14.3 3.1 0.6 1.5
(928)5020.10_Peloid 687 1700  0.73  0.0304 1.2 1.2 5.7 25 0.8 1.2
(928)5020.10_Peloid 632 1403  1.48  0.0042 1.5 1.6 14.0 15 0.6 1.5
(928)5020.10_Peloid 668 1549  1.08 0.0013 1.3 1.4 9.3 1.8 0.7 1.4
(928)5020.10_Peloid 627 1615  1.87  0.0140 1.5 15 15.6 1.9 0.6 1.4
(928)5020.10_Peloid 708 1254  0.32  0.0060 1.1 1.7 3.4 3.4 0.8 1.3
(928)5020.10_Peloid 654 1468  1.26  0.0010 1.4 1.4 11.4 1.9 0.7 1.5
(928)5020.10_Peloid 508 2737 456  0.0002 2.0 21 23.5 2.8 0.5 2.6
(928)5020.10_Peloid 698 1267  0.82  0.0078 1.2 1.2 9.1 25 0.8 1.5
(928)5020.10_Peloid 625 2125  1.61  0.0012 1.4 1.1 10.2 1.6 0.7 1.2
(928)5020.10_Peloid 645 1868  1.00  0.0009 1.3 15 75 2.7 0.8 1.4
(928)5020.10_Peloid 617 1408  1.74  0.0014 1.5 1.9 17.4 2.1 0.6 1.5
(928)5020.10_Peloid 736 1091  0.67  0.0040 1.2 1.9 8.3 2.2 0.8 1.4
(928)5020.10_Peloid 668 1531  0.63  0.0007 1.2 1.2 5.6 1.9 0.8 1.2
(928)5020.10_Peloid 606 1668  1.82  0.0006 1.5 1.6 15.0 1.8 0.6 1.5
(928)5020.10_Peloid 711 1181  0.54  0.0029 1.2 1.6 6.5 2.6 0.8 1.4
(928)5020.10_Peloid 699 1042 051  0.0008 1.2 1.8 6.7 2.4 0.8 1.5
(928)5020.10_Peloid 654 1342  1.20  0.0003 1.4 1.7 12.2 1.5 0.7 1.5

(SPH6)5132.50_DolSel 983 887 0.11  0.0013 0.9 2.8 3.7 12.3 0.9 2.2
(SPH6)5132.50_DolSel 2310 182 0.01  0.0065 0.5 5.3 -0.7 -124.3 0.9 5.6
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Identificador f206c  ?%%Pb  Uppm Th/U 206pp204ph 1s% 238/206pPp 1s% 207Pp29%pp 1s%
(SPH6)5132.50_DolSel 960 826 0.02  0.0032 0.9 2.6 0.3 61.4 0.9 2.0
(SPH6)5132.50_DolSel 633 4886  0.91  0.0003 1.3 0.6 2.6 1.5 0.8 0.6
(SPH6)5132.50_DolSel 633 11573 150  0.0003 1.3 1.2 1.9 25 0.9 0.5
(SPH6)5132.50_DolSel 699 1785  0.10  0.2424 1.2 1.2 0.8 7.1 0.8 1.0
(SPH6)5132.50_DolSel 1150 367 0.26  0.0010 0.9 3.9 11.5 4.7 0.7 3.0
(SPH6)5132.50_DolSel 1049 455 0.23  0.0035 0.9 3.2 8.4 5.5 0.7 2.4
(SPH6)5132.50_DolSel 925 556 0.03  0.0103 0.9 2.6 0.8 28.0 0.9 2.2
(SPH6)5132.50_DolSel 1213 284 0.20  0.0045 0.8 3.3 10.9 5.4 0.8 3.4
(SPH6)5132.50_DolSel ~ -723 6 -0.01  0.1354 0.0 89.3 2.3 429.3 0.3 75.0
(SPH6)5132.50_DolSel 2164 238  -0.01 0.0188 0.6 6.5 -1.6 -57.3 0.9 4.6
(SPH6)5132.50_DolSel 936 441 0.05 0.1377 0.9 2.9 1.3 18.4 0.9 2.6
(SPH6)5132.50_DolSel 819 583 0.05 0.1553 1.0 35 1.1 17.1 0.9 1.8
(SPH6)5132.50_DolSel 822 754 0.03 0.0184 1.0 21 0.6 29.7 0.8 1.8
(SPH6)5132.50_DolSel 709 1108  0.03  0.0391 1.1 1.7 0.4 24.5 0.9 1.4
(SPH6)5132.50_DolSel 1160 401 0.27  0.0150 0.9 3.7 11.2 5.8 0.7 2.7
(SPH6)5132.50_DolSel 1573 267 0.07  0.0239 0.7 4.2 3.9 135 0.9 4.0
(SPH6)5132.50_DolSel 1155 269 0.30 0.3104 1.0 6.1 18.0 45 0.7 4.0
(SPH6)5132.50_DolSel 3643 17 0.00  0.0856 0.1 22.7 -0.4 -1951.3 0.3 73.2
(SPH6)5132.50_Peloid 480 3360 5.81  0.0003 2.2 1.4 25.6 2.1 0.5 1.7
(SPH6)5132.50_Peloid 604 9792  1.91  0.0007 1.3 0.5 2.9 1.8 0.8 0.5
(SPH6)5132.50_Peloid 580 6618  3.71  0.0004 1.5 0.6 8.2 1.2 0.7 0.5
(SPH6)5132.50_Peloid 468 1534 298  0.0006 2.7 21 29.3 1.9 0.3 2.6
(SPH6)5132.50_Peloid 489 3249 505 0.0025 2.1 1.6 24.0 2.2 0.5 1.8
(SPH6)5132.50_Peloid 507 2171 3.94  0.0008 2.1 15 27.1 1.2 0.5 1.2
(SPH6)5132.50_Peloid 413 3307  7.43  0.0003 2.8 15 33.3 1.4 0.4 1.7
(SPH6)5132.50_Peloid 565 5525  4.06  0.0009 1.6 0.7 10.9 0.9 0.7 0.7
(SPH6)5132.50_Peloid 595 7960  2.75  0.0025 1.4 0.5 5.1 1.0 0.8 0.5
(SPH6)5132.50_Peloid 592 3641  1.86  0.0031 1.5 0.9 7.7 2.0 0.7 0.8
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Identificador f206c  ?%%Pb  Uppm Th/U 206pp204ph 1s% 238/206pPp 1s% 207Pp29%pp 1s%
(SPH6)5132.50_Peloid 1156 255 0.20  0.2609 0.9 5.2 12.2 4.0 0.7 3.4
(SPH6)5132.50_Peloid 577 4386  2.35  0.0022 1.5 1.2 8.6 2.9 0.7 1.0
(SPH6)5132.50_Peloid 472 2554 475  0.0004 2.3 1.2 28.4 1.2 0.4 1.4
(SPH6)5132.50_Peloid 501 2241  3.63  0.0005 2.1 1.1 24.5 1.1 0.5 1.0
(SPH6)5132.50_Peloid 587 8960  3.37  0.0008 1.4 0.5 5.7 0.8 0.8 0.5
(SPH6)5132.50_Peloid 540 1452 214 0.0122 2.0 1.7 22.4 1.1 0.5 1.8
(SPH6)5132.50_Peloid 619 2652  0.86  0.0068 1.4 1.0 5.0 2.3 0.8 0.9
(SPH6)5132.50_Peloid 514 2945 314  0.0052 1.9 1.6 16.7 2.0 0.5 1.6
(SPH6)5132.50_Peloid 565 7077  3.82  0.0008 1.5 0.8 8.5 2.4 0.7 0.8
(SPH6)5132.50_Peloid 519 2647  3.67  0.0013 2.0 1.6 21.7 2.9 0.5 2.0

Barstow 473 8498 192.12 0.0001 2.4 0.8 253.3 0.5 0.4 0.8
Barstow 491 7812  163.26 0.0001 2.3 0.7 235.8 0.7 0.4 0.7
Barstow 565 8882 132.41 0.0001 1.7 0.6 169.0 1.0 0.5 0.7
Barstow 450 10428 196.69 0.0000 2.4 0.6 227.2 0.6 0.4 0.7
Barstow 410 8201 173.52 0.0000 2.8 0.7 256.0 0.6 0.4 0.8
Barstow 428 8797 181.97 0.0001 2.7 0.6 250.6 0.4 0.4 0.7
Barstow 463 6963 114.47 0.0000 2.3 0.9 2121 1.1 0.4 1.1
Barstow 442 7532  133.90 0.0000 2.5 0.8 229.3 0.6 0.4 0.9
Barstow 408 7958 157.70 0.0000 2.8 0.8 256.7 0.5 0.4 0.8
Barstow 352 6620 140.18 0.0000 3.6 1.1 288.9 0.7 0.3 1.2
Barstow 474 7082  107.36 0.0000 2.2 0.7 208.3 0.6 0.4 0.8
Barstow 404 7080 130.50 0.0000 2.9 0.8 253.6 0.6 0.4 1.0
Barstow 413 7445 119.54 0.0001 2.7 0.7 232.6 0.5 0.4 0.7
Barstow 466 7295 101.07 0.0000 2.3 0.7 200.7 0.7 0.4 0.8
Barstow 445 6451  97.84  0.0000 2.5 0.8 221.1 0.7 0.4 0.7
Barstow 389 7380 119.50 0.0001 3.0 0.7 247.1 0.6 0.3 0.9
Barstow 410 7640 11577 0.0000 2.8 0.8 2325 0.6 0.4 1.0
Barstow 401 7749  120.95 0.0000 2.9 0.7 239.6 0.5 0.4 0.8
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
C_Walnut 288 2707  3.47  0.0003 5.6 1.8 30.1 5.8 0.1 8.4
C_Walnut 298 2784 321  0.0040 5.5 2.8 20.8 1.1 0.1 21
C_Walnut 248 3262 394  0.0030 6.5 2.3 20.9 1.4 0.1 1.9
C_Walnut 283 3136 349  0.0079 5.7 25 19.5 1.3 0.1 1.7
C_Walnut 250 4463 518  0.0028 7.0 3.3 21.7 1.3 0.1 3.6
C_Walnut 204 4127 5.6  0.0106 8.1 1.9 21.5 1.2 0.1 1.8
C_Walnut 209 4428 535 0.0078 7.8 2.1 20.7 1.0 0.1 1.7
C_Walnut 200 4226  5.36  0.0037 8.2 21 21.7 1.2 0.1 1.9
C_Walnut 237 2560  3.20  0.0008 7.0 2.7 21.6 1.2 0.1 2.2
C_Walnut 298 2138 257  0.0054 5.1 2.4 19.6 1.2 0.2 2.3
C_Walnut 242 2982 359  0.0046 6.5 1.8 20.9 1.3 0.2 1.7
C_Walnut 195 3552 467 01212 8.5 21 21.6 1.3 0.1 1.6
C_Walnut 267 2400 3.01  0.0045 5.8 2.6 20.2 1.2 0.2 2.4
C_Walnut 234 2829 370  0.0018 6.9 2.2 22.2 1.2 0.1 1.7
C_Walnut 264 2948  3.62  0.0010 5.8 2.3 20.3 1.2 0.2 1.7
C_Walnut 216 3578 450  0.0005 7.3 2.0 20.7 1.1 0.1 1.6
C_Walnut 281 2979 357  0.0011 5.4 2.3 19.4 1.2 0.2 2.2
C_Walnut 245 3050 3.86  0.0267 6.3 2.4 20.3 1.2 0.2 1.6
C_Walnut 174 3661  5.42  0.0005 9.9 2.4 23.2 1.2 0.1 1.9
C_Walnut 227 3394 435  0.0023 7.0 2.2 20.2 1.1 0.1 2.0
C_Walnut 255 2469 357  0.0001 6.3 2.1 22.9 1.2 0.1 1.9
C_Walnut 242 3088  4.00  0.0000 6.3 1.9 20.4 1.1 0.2 1.8
C_Walnut 279 2228 296  0.0000 5.7 3.3 19.7 1.3 0.2 2.0
C_Walnut 245 2483  3.42  0.0002 6.5 2.7 20.0 1.5 0.2 2.2
C_Walnut 243 2652  3.68  0.0036 6.5 2.4 20.9 1.7 0.1 2.8
C_Walnut 202 3332 480  0.0003 8.0 2.1 21.4 1.1 0.1 1.8
C_Walnut 203 3205  4.60  0.0010 8.1 2.5 21.1 1.1 0.1 1.6
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
C_Walnut 264 2292 317 0.0013 6.1 2.9 21.0 1.3 0.1 2.1
(923A)5090.95_DolBloc 2120 155  0.14 1.2194 0.6 7.1 19.5 6.8 0.7 7.0
(923A)5090.95_DolBloc 1869 195  0.14 0.0461 0.6 4.7 13.6 5.9 0.6 4.3
(923A)5090.95_DolBloc 2244 153 011 0.0638 0.5 6.0 15.2 7.3 0.7 6.4
(923A)5090.95_DolBloc 3280 99 0.12  0.0500 0.4 6.2 26.3 7.9 0.6 10.9
(923A)5090.95_DolBloc 2745 107 011  2.1402 0.4 9.6 26.5 8.7 0.7 13.9
(923A)5090.95_DolBloc 2222 160  0.04 0.0829 0.5 4.6 4.9 20.4 0.8 5.4
(923A)5090.95_DolBloc 2106 164 014 0.3818 0.5 6.1 16.6 6.0 0.7 5.7
(923A)5090.95_DolBloc 1242 268  0.12  0.0669 0.7 3.3 8.1 6.8 0.8 3.6
(923A)5090.95_DolBloc 1774 200 0.07 0.1919 0.5 45 7.0 13.2 0.9 5.8
(923A)5090.95_DolBloc 2195 127 0.04 0.2057 0.5 5.1 6.0 19.3 0.8 8.8
(923A)5090.95_DolBloc 1443 220 0.09 0.2529 0.7 6.7 7.1 8.7 0.8 4.8
(923A)5090.95_DolBloc 4352 90 0.13  0.0880 0.4 6.2 33.1 10.6 0.5 17.5
(923A)5090.95_DolBloc 3027 128  0.09 0.2782 0.5 6.5 20.8 13.2 0.9 14.3
(923A)5090.95_DolBloc 3438 89 0.10  0.0426 0.5 14.0 25.4 11.8 0.8 12.3
(923A)5090.95_DolBloc 1079 409  0.07  0.2956 0.8 25 2.9 9.5 0.8 2.7
(923A)5090.95_DolBloc 1165 397  0.08 0.0857 0.8 3.2 3.7 8.4 0.8 3.1
(923A)5090.95_DolBloc 1635 218  0.07 0.1256 0.6 4.7 7.1 10.5 0.8 4.4
(923A)5090.95_DolBloc 3126 113 0.02 0.0648 0.4 5.4 43 29.7 0.9 8.3
(923A)5090.95_DolBloc 1941 164  0.04 0.1084 0.6 5.4 4.8 17.1 0.8 5.7
(923A)5090.95_DolBloc 2198 127 0.05 0.1238 0.5 5.6 7.8 15.1 0.8 8.0
(923A)5090.95_DolRomt 744 686  0.84  0.0029 15 3.6 20.6 3.0 0.5 2.8
(923A)5090.95_DolRomt 867 454  0.98  0.0005 15 4.2 34.6 1.8 0.3 4.9
(923A)5090.95_DolRomt 592 721 1.75  0.0009 2.5 3.3 39.2 1.2 0.2 3.8
(923A)5090.95_DolRomt 589 978 1.54  0.0013 2.0 2.7 28.5 3.7 0.4 3.4
(923A)5090.95_DolRomt 591 2522 122 0.0013 1.6 1.8 10.5 4.9 0.6 21
(923A)5090.95_DolRomt 605 1089 114 0.0007 1.6 2.0 16.7 2.2 0.6 1.6
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
(923A)5090.95_DolRomt 799 499 091  0.0010 1.6 4.0 32.2 2.2 0.4 3.8
(923A)5090.95_DolRomt 743 536  0.84 0.0013 1.7 4.0 25.9 2.7 0.4 3.6
(923A)5090.95_DolRomt 689 687  0.95 0.0014 1.6 25 22.3 1.9 0.5 2.4
(923A)5090.95_DolRomt 636 1301  0.85  0.0009 1.5 5.8 11.4 2.7 0.7 1.8
(923A)5090.95_DolRomt 658 1363  0.47  0.0006 1.3 1.9 5.7 3.6 0.7 1.4
(923A)5090.95_DolRomt 627 10019  0.82  0.0010 1.3 0.6 1.6 7.9 0.8 0.7
(923A)5090.95_DolRomt 756 591 1.21  0.0012 1.7 4.4 33.3 1.7 0.3 3.6
(923A)5090.95_DolRomt 689 935  0.95 0.0015 1.4 1.6 16.9 3.1 0.6 2.3
(923A)5090.95_DolRomt 637 9900  0.85  0.0003 1.3 0.8 1.4 6.7 0.8 0.9
(923A)5090.95_DolRomt 709 1061 050  0.0003 1.3 2.0 8.5 3.9 0.7 1.5
(923A)5090.95_DolRomt 695 731 090  0.0006 1.6 3.6 20.3 3.0 0.5 2.6
(923A)5090.95_DolRomt 869 417 053  0.0013 1.3 6.6 21.4 2.4 0.5 3.1
(923A)5090.95_DolRomt 831 443  0.74  0.0005 15 3.1 28.0 2.2 0.4 4.1
(923A)5090.95_DolRomt 765 466 097  0.0032 1.7 4.0 33.4 2.0 0.4 3.3

(923A)5090.95_Esf 1018 377  0.38  0.0005 1.1 3.4 17.0 2.9 0.6 2.8
(923A)5090.95_Esf 734 564  0.46 0.1170 1.3 3.0 13.7 3.0 0.7 2.3
(923A)5090.95_Esf 1450 235  0.48  0.0005 1.0 6.4 33.8 3.1 0.4 5.7
(923A)5090.95_Esf 1013 362  0.43  0.0004 1.1 3.9 20.5 3.4 0.6 33
(923A)5090.95_Esf 874 501  0.40  0.0010 1.1 25 12.9 2.8 0.7 2.2
(923A)5090.95_Esf 1367 240 039  0.0043 1.1 6.4 25.8 3.1 0.4 5.3
(923A)5090.95_Esf 822 648  0.31  0.0032 1.1 2.3 8.3 3.8 0.7 1.9
(923A)5090.95_Esf 977 374 041  0.0057 1.1 3.2 17.9 3.4 0.6 3.7
(923A)5090.95_Esf 1161 257  0.45  0.0024 1.0 4.1 28.4 3.1 0.5 3.8
(923A)5090.95_Esf 1384 221 0.28 0.0046 0.8 4.6 225 43 0.6 3.6
(923A)5090.95_Esf 752 749 030 0.0554 1.1 1.9 6.5 2.9 0.8 1.7
(923A)5090.95_Esf 850 518  0.42  0.0017 1.1 3.0 13.0 2.7 0.7 21
(923A)5090.95_Esf 1057 297 053 0.0232 1.2 4.8 29.6 2.9 0.5 4.2
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
(923A)5090.95_Esf 973 325 027 0.0205 1.0 3.8 13.4 3.9 0.7 3.0
(923A)5090.95_Esf 825 586  0.22  0.0130 1.1 2.6 6.2 4.7 0.8 2.0
(923A)5090.95_Esf 517 5441 150  0.0008 1.8 0.7 4.4 1.3 0.6 0.7
(923A)5090.95_Esf 595 4191 031  0.0035 1.4 1.0 1.4 4.6 0.8 1.0
(923A)5090.95_Esf 793 536  0.43  0.0026 1.2 2.6 12.7 3.1 0.6 2.8
(923A)5090.95_Esf 1007 335 052 0.0181 1.2 3.9 26.5 35 0.5 4.0
(923A)5090.95_Esf 975 342 054 0.0120 1.3 5.2 255 25 0.4 3.8

(923A)5099.05_CalcPart 694 2783 020  0.0598 1.2 0.9 1.3 2.6 0.8 0.8
(923A)5099.05_CalcPart 682 3596  0.19  0.0661 1.2 0.7 1.0 3.4 0.8 0.7
(923A)5099.05_CalcPart 719 1934 038 0.2324 1.1 1.2 35 1.9 0.8 1.0
(923A)5099.05_CalcPart 725 1621 059  0.0445 1.2 1.4 6.8 1.7 0.8 1.2
(923A)5099.05_CalcPart 687 2072 0.66  0.0045 1.2 1.1 5.7 1.3 0.8 1.0
(923A)5099.05_CalcPart 695 1917 025  0.0410 1.2 1.0 2.3 2.7 0.8 1.2
(923A)5099.05_CalcPart 828 687  0.22  0.0406 1.0 2.6 5.9 3.7 0.8 2.0
(923A)5099.05_CalcPart 732 1133 0.49  0.0085 1.1 1.6 7.8 1.8 0.8 15
(923A)5099.05_CalcPart 690 1638  0.47  0.0800 1.2 1.1 5.3 1.9 0.8 1.1
(923A)5099.05_CalcPart 565 4820  6.14  0.0022 1.7 1.2 26.6 3.0 0.6 1.6
(923A)5099.05_CalcPart 1126 ~ 438  0.15  0.0557 0.8 3.6 6.5 4.9 0.8 2.6
(923A)5099.05_CalcPart 790 727 025 0.0225 1.1 2.4 6.3 35 0.8 1.9
(923A)5099.05_CalcPart 688 1492 041  0.0216 1.2 15 5.0 21 0.8 1.3
(923A)5099.05_CalcPart 756 883  0.33 0.1750 1.1 2.1 6.8 2.7 0.8 1.7
(923A)5099.05_CalcPart 679 2191 011  0.0838 1.2 1.0 0.9 7.1 0.8 1.0
(923A)5099.05_CalcPart 688 1682  0.26  0.0501 1.2 1.4 2.8 2.4 0.8 1.0
(923A)5099.05_CalcPart 819 736 023  0.0362 1.0 2.1 5.9 35 0.8 1.8
(923A)5099.05_CalcPart 1666 294  0.10 0.1037 0.7 4.5 7.0 9.9 0.8 4.1
(923A)5099.05_CalcPart 699 1603  0.42  0.0209 1.2 1.4 4.8 2.3 0.8 1.1
(923A)5099.05_CalcPart 659 2358  0.21  0.0608 1.2 1.0 1.6 4.0 0.8 0.9
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
(923A)5099.05_Dolint 651 2708  0.26  0.0661 1.2 0.9 1.7 2.7 0.8 0.9
(923A)5099.05_Dolint 668 2890  0.09  0.1401 1.2 0.9 0.5 6.6 0.8 0.8
(923A)5099.05_Dolint 671 1956  0.08  0.0348 1.2 1.2 0.7 7.5 0.9 0.9
(923A)5099.05_Dolint 624 8589  0.32  0.0130 1.3 0.5 0.7 2.6 0.9 0.4
(923A)5099.05_Dolint 664 2359  0.16  0.1098 1.2 1.0 1.2 4.3 0.9 1.0
(923A)5099.05_Dolint 685 1998  0.27  0.0342 1.2 1.1 2.4 2.4 0.8 1.0
(923A)5099.05_Dolint 673 1524  0.35  0.0289 1.2 1.3 4.0 2.1 0.8 1.1
(923A)5099.05_Dolint 627 2766  0.42  1.9519 1.3 1.0 2.6 2.3 0.8 0.8
(923A)5099.05_Dolint 670 2050  0.17  0.0589 1.2 1.1 1.4 3.9 0.9 0.9
(923A)5099.05_Dolint 645 3312 057  1.8299 1.3 0.9 2.9 1.8 0.8 0.7
(923A)5099.05_Dolint 669 2429  0.46  0.0254 1.2 1.2 3.2 25 0.8 0.9
(923A)5099.05_Dolint 649 2895  0.40  0.0064 1.3 0.8 2.3 1.9 0.8 0.8
(923A)5099.05_Dolint 651 2795  0.30  0.0625 1.2 0.8 1.8 2.6 0.8 0.9
(923A)5099.05_Dolint 664 2393 024  0.0340 1.2 0.9 1.8 35 0.8 0.8
(923A)5099.05_Dolint 636 3530 0.87 0.0177 1.3 0.8 35 6.0 0.8 0.7
(923A)5099.05_Dolint 647 2688  0.22  0.0488 1.2 0.8 1.4 3.2 0.8 0.8
(923A)5099.05_Dolint 659 2168  0.17  0.0754 1.2 1.0 1.4 3.7 0.8 0.9
(923A)5099.05_Dolint 644 2609  0.30  0.0237 1.3 0.9 2.0 2.4 0.8 0.8
(923A)5099.05_Dolint 646 2344 027  0.0082 1.3 0.9 2.0 2.6 0.8 0.8
(923A)5099.05_Dolint 644 2634  0.28 0.0188 1.3 0.9 1.8 2.8 0.8 0.8

(SPH6)5118.95_DolRom! 596 3534 207 0.0017 1.4 0.8 9.7 1.0 0.7 0.7
(SPH6)5118.95_DolRomt 586 2517  1.68  0.0012 1.5 1.1 11.4 2.0 0.7 1.0
(SPH6)5118.95_DolRomt 579 5688  2.47  0.0005 15 0.7 7.3 1.4 0.8 0.5
(SPH6)5118.95_DolRomt 560 3944 278  0.0074 1.6 0.8 11.8 1.1 0.7 0.7
(SPH6)5118.95_DolRomt 592 2412 161  0.0067 15 1.0 10.9 0.9 0.7 1.1
(SPH6)5118.95_DolRomt 590 4472 202  0.0011 1.4 0.7 7.4 1.5 0.7 0.7
(SPH6)5118.95_DolRom! 586 4470 211 0.0114 15 0.7 7.8 1.5 0.7 0.7

113



Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
(SPH6)5118.95_DolRomt 579 2758 222 0.0004 15 0.9 13.2 1.3 0.7 0.9
(SPH6)5118.95_DolRomt 581 5893 252  0.0020 15 0.6 7.0 0.8 0.7 0.6
(SPH6)5118.95_DolRomt 577 5677  2.80  0.0021 15 0.7 8.2 1.4 0.7 0.7
(SPH6)5118.95_DolRomt 578 7982  3.49  0.0004 1.5 0.8 6.6 1.3 0.7 0.7
(SPH6)5118.95_DolRom! 583 5480  2.23  0.0021 1.4 0.6 6.7 1.3 0.8 0.7
(SPH6)5118.95_DolRomt 596 3689 201  0.0008 1.4 0.9 8.6 1.2 0.7 0.9
(SPH6)5118.95_DolRom! 586 3199 207  0.0006 15 0.9 10.7 1.2 0.7 0.8
(SPH6)5118.95_DolRomt 578 4471 260  0.0004 1.5 0.7 9.5 0.7 0.7 0.8
(SPH6)5118.95_DolRom! 583 2515 173  0.0005 15 1.0 11.1 1.4 0.7 1.0
(SPH6)5118.95_DolRomt 590 2745  1.82  0.0004 1.5 0.9 10.9 1.0 0.7 0.9
(SPH6)5118.95_DolRomt 592 3072 173 0.0173 15 1.1 9.1 1.1 0.7 0.8
(SPH6)5118.95_DolRomt 581 3768 220  0.0148 1.5 0.8 9.5 1.3 0.7 0.7
(SPH6)5118.95_DolRom! 583 5973  2.78  0.0024 1.4 0.7 7.7 1.7 0.8 0.6

(SPH6)5118.95_Shrub 705 761 091  0.0369 1.5 2.2 20.4 1.8 0.5 2.2
(SPH6)5118.95_Shrub 710 852  0.88  0.0053 1.3 1.9 17.9 1.6 0.6 1.9
(SPH6)5118.95_Shrub 696 891  0.88  0.0055 1.4 21 16.9 1.6 0.6 1.5
(SPH6)5118.95_Shrub 703 771 092 0.0036 1.4 2.3 20.4 1.5 0.6 2.0
(SPH6)5118.95_Shrub 770 765  0.80  0.0042 1.3 1.9 17.6 15 0.6 21
(SPH6)5118.95_Shrub 711 813  0.91  0.0048 1.4 2.1 19.0 1.7 0.6 1.7
(SPH6)5118.95_Shrub 650 1314 097  0.0014 1.4 15 12.5 1.9 0.7 1.5
(SPH6)5118.95_Shrub 685 835 091 0.0128 1.4 2.0 18.7 1.6 0.6 1.8
(SPH6)5118.95_Shrub 659 918 1.22  0.0049 1.5 2.0 22.7 1.4 0.5 1.7
(SPH6)5118.95_Shrub 719 858  0.88  0.0251 1.3 2.2 17.7 1.6 0.6 1.9
(SPH6)5118.95_Shrub 664 909 1.17  0.0042 1.5 2.1 22.3 1.6 0.6 1.8
(SPH6)5118.95_Shrub 617 979 1.79  0.0013 1.8 2.1 30.9 1.4 0.4 1.9
(SPH6)5118.95_Shrub 679 1087  0.97  0.0021 1.4 1.8 15.2 1.4 0.7 1.5
(SPH6)5118.95 Shrub 650 1220 112 0.0009 1.4 1.6 15.5 1.2 0.6 1.3
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
(SPH6)5118.95_Shrub 628 1425  1.37  0.0015 1.5 1.3 16.2 1.5 0.6 1.2
(SPH6)5118.95_Shrub 627 1653  1.42  0.0051 1.5 1.4 14.0 1.4 0.7 1.3
(SPH6)5118.95_Shrub 642 1242 110  0.0026 1.5 1.9 14.9 1.2 0.6 1.4
(SPH6)5118.95_Shrub 641 1010  1.55  0.0010 1.7 2.0 26.0 1.3 0.5 2.0
(SPH6)5118.95_Shrub 689 933 1.15  0.0050 1.4 1.8 20.9 1.4 0.5 1.5
(SPH6)5118.95_Shrub 702 789 1.21  0.0033 1.5 2.4 25.9 1.6 0.5 21

Barstow 540 8672  96.63  0.0001 2.0 0.6 193.0 1.1 0.4 0.7
Barstow 395 9277  147.15 0.0000 3.2 0.7 277.3 1.2 0.3 0.8
Barstow 440 10237 140.82 0.0001 2.7 0.7 239.9 1.0 0.3 1.0
Barstow 414 8480 122,59 0.0001 2.9 0.8 247.4 1.1 0.3 1.0
Barstow 473 11062 133.33 0.0001 2.3 0.7 208.3 0.6 0.4 0.7
Barstow 488 11057 124.54 0.0001 2.1 0.5 192.6 1.3 0.5 0.6
Barstow 406 8227 115.33 0.0002 2.8 0.8 2355 1.5 0.4 0.8
Barstow 402 6138  97.00 0.0001 3.0 0.8 264.7 1.4 0.3 1.0
Barstow 381 5711  93.30  0.0002 33 0.8 272.9 1.0 0.3 1.1
Barstow 415 7352  106.26 0.0001 2.8 0.8 235.7 0.9 0.4 1.0
Barstow 360 6325 104.88 0.0001 35 1.3 272.1 1.3 0.3 1.9
Barstow 515 6483 61.23 0.0001 1.9 0.7 154.5 1.1 0.5 0.7
Barstow 382 5972  100.73 0.0000 3.2 0.9 269.8 1.2 0.3 0.9
Barstow 362 8232  136.03 0.0000 33 0.8 263.8 1.0 0.3 0.7
Barstow 422 8447  113.97 0.0000 2.6 0.8 215.1 0.9 0.4 0.8
Barstow 402 7063  107.82 0.0000 2.9 0.6 237.2 1.1 0.4 0.9
Barstow 332 7303 132.05 0.0000 3.8 0.9 281.4 1.0 0.3 1.2
Barstow 481 6877  80.37  0.0000 2.1 0.6 182.4 1.3 0.5 0.7
Barstow 409 7781  116.48 0.0000 2.7 0.6 228.0 1.2 0.4 0.8
Barstow 398 8743  127.39 0.0000 2.8 0.7 221.6 1.1 0.4 0.7
Barstow 457 6719  89.25  0.0000 2.4 0.8 201.8 1.4 0.4 0.9
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Identificador f206c  2%%Pb  Uppm Th/U 206pp204pp 1s% 238U/2%%Pb 1s% 207pp29¢Ph 1s%
Barstow 387 5695  97.49  0.0000 3.0 0.8 253.6 1.3 0.3 0.9
Barstow 454 7105  97.29  0.0000 2.3 0.7 202.7 1.3 0.4 0.7
Barstow 510 4556 48.85  0.0000 1.9 0.8 158.4 0.9 0.5 0.8
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Identificador f206c  ?°Pb  Uppm Th/U  299Pb/%pp 1s% 28UP%h 1s%  2°PbPO%Pb 1s%
C_Walnut 182 13448 50  0.00560 8.3 1.0 20.9 0.5 0.1 0.9
C_Walnut 194 12580 4.6 0.00128 7.7 1.1 20.4 0.5 0.2 1.0
C_Walnut 222 11757 40  0.00081 6.5 1.8 19.4 1.1 0.2 2.1
C_Walnut 190 13427 50  0.00079 7.8 1.3 20.6 0.7 0.2 1.0
C_Walnut 176 12571 4.8 0.00017 8.6 1.0 21.2 0.4 0.2 0.7
C_Walnut 182 5990 2.4 0.00042 8.3 1.5 20.6 0.5 0.2 1.0
C_Walnut 143 8425 3.6 0.00039 11.2 1.6 21.6 0.5 0.1 1.0
C_Walnut 174 9745 3.7 0.00030 8.3 1.1 18.7 0.8 0.2 0.9
C_Walnut 151 6051 2.9 0.00087 10.3 1.5 215 0.5 0.1 1.2
C_Walnut 142 7106 3.5 0.00036 11.2 1.5 21.9 0.5 0.1 1.2
C_Walnut 156 5690 2.7 0.00012 10.1 1.7 20.7 0.5 0.1 1.2
C_Walnut 138 6086 3.7 0.00002 11.7 3.2 23.4 0.7 0.1 1.4
C_Walnut 152 6535 3.7 0.00000 10.1 1.8 21.8 0.5 0.2 1.3
C_Walnut 147 7067 3.7 0.00001 10.4 15 20.0 0.5 0.2 1.0
C_Walnut 161 6335 4.1 0.00096 9.3 1.7 21.3 0.6 0.2 1.0
C_Walnut 157 7560 4.5 0.00015 9.2 1.4 19.6 0.6 0.2 0.9
C_Walnut 180 5677 3.5 0.00213 8.1 1.3 20.3 0.5 0.2 1.0
C_Walnut 157 6466 4.2 0.00039 9.5 1.5 21.0 0.5 0.2 1.0
C_Walnut 172 5511 3.5 0.00141 8.5 1.5 20.6 0.6 0.2 1.1

(928)5016.90_DolLamtTDS 514 3022 1.4 0.00032 2.0 1.3 26.5 1.7 0.5 1.3
(928)5016.90_DolLamtTDS 754 1222 0.6 0.00250 1.4 2.2 28.8 1.9 0.5 1.9
(928)5016.90_DolLamtTDS 849 884 0.5 0.00274 1.3 2.7 30.2 2.0 0.5 2.4
(928)5016.90_DolLamtTDS 565 2803 0.6 0.00363 1.6 1.4 14.6 3.4 0.7 1.2
(928)5016.90_DolLamtTDS 509 4332 0.6 0.00336 1.7 1.1 8.0 3.6 0.7 1.0
(928)5016.90_DolLamtTDS 823 885 0.4  0.02136 1.2 2.7 24.3 2.1 0.6 2.1
(928)5016.90_DolLamtTDS 651 1382 0.6 0.00729 1.6 2.0 26.8 3.0 0.5 2.0
(928)5016.90_DolLamtTDS 473 2914 1.0  0.00088 2.0 1.2 19.7 2.3 0.6 1.3
(928)5016.90_DolLamtTDS 426 2816 1.6 0.00027 2.6 1.4 31.4 1.7 0.4 15
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|dentificador f206c  2°Pb  Uppm Th/U  29%Pbf%ph 1s% 2Z3P%Ph  1s%  PbPO%%Ph  1s%
(928)5016.90_DolLamtTDS 528 1936 0.8 0.00124 1.9 1.6 23.4 25 0.5 1.6
(928)5016.90_DolLamtTDS 434 2458 1.4 0.12559 2.5 1.6 29.6 1.0 0.4 1.5
(928)5016.90_DolLamtTDS 407 3182 15 0.00209 2.6 1.5 26.5 21 0.5 1.4
(928)5016.90_DolLamtTDS 421 2603 15 0.00029 2.6 1.3 30.2 1.1 0.4 1.3
(928)5016.90_DolLamtTDS 396 2887 1.8 0.00104 2.9 1.3 32.7 1.0 0.4 1.5
(928)5016.90_DolLamtTDS 378 3673 2.0 0.00060 2.9 1.3 29.4 1.3 0.4 1.2
(928)5016.90_DolLamtTDS 383 2867 1.7 0.00032 2.9 1.3 30.9 0.9 0.4 1.4
(928)5016.90_DolLamtTDS 400 3219 15 0.00039 2.6 1.2 24.9 1.7 0.5 1.2
(928)5016.90_DolLamtTDS 411 1976 1.2 0.00176 2.8 1.7 32.0 1.2 0.4 1.6
(928)5016.90_DolLamtTDS 426 3571 1.4 0.00357 2.4 1.3 27.3 3.7 0.5 21
(928)5016.90_DolLamtTDS 372 2651 1.6 0.00039 3.0 1.4 31.1 0.9 0.4 1.4
(928)5016.90_DolLamtTDS 364 6545 2.1 0.00040 2.7 1.0 16.1 1.9 0.5 1.0
(928)5016.90_DolLamtTDS 374 7914 2.1 0.00045 25 1.0 13.9 3.1 0.6 1.3
(928)5016.90_DolLamtTDS 366 3645 2.1 0.00035 2.9 1.5 27.9 1.3 0.4 1.3
(928)5016.90_DolLamtTDS 362 8580 2.6 0.00050 2.6 1.0 15.2 2.8 0.6 1.1
(928)5016.90_DolLamtTDS 365 3684 2.0 0.00042 2.9 1.2 27.1 1.9 0.5 1.5
(928)5016.90_DolLamtTDS 406 3796 1.5 0.00351 2.4 1.3 21.2 3.1 0.6 1.6
(928)5016.90_DolLamtTDS 379 3692 1.8 0.00033 2.7 1.3 23.7 1.3 0.5 1.4
(928)5016.90_DolLamtTDS 358 3024 1.9 0.00031 3.1 1.5 30.3 1.2 0.4 1.7
(928)5016.90_DolLamtTDS 342 5360 2.8 0.00030 3.0 1.2 25.0 21 0.5 1.3
(928)5016.90_DolLamtTDS 337 5123 2.8 0.00039 3.1 1.2 25.5 1.5 0.5 1.5
(928)5016.90_DolLamtTDS 406 3472 1.4 0.00043 2.3 1.3 18.7 1.9 0.6 1.1
(928)5016.90_DolLamtTDS 388 4130 1.8 0.00024 25 1.1 20.5 1.9 0.6 1.0
(928)5016.90_DolLamtTDS 392 8567 1.5 0.00042 2.2 0.8 8.6 3.1 0.7 0.8
(928)5016.90_DolLamtTDS 398 3939 1.5 0.00041 2.4 1.1 19.4 3.3 0.6 1.1
(928)5016.90_DolLamtTDS 395 3053 1.3 0.00076 25 2.2 19.7 1.5 0.6 1.1
(928)5016.90_DolLamtTDS 404 2980 1.4 0.00031 2.4 1.2 225 1.6 0.6 1.1
(928)5016.90_DolLamtTDS 407 9894 1.1 0.00035 2.1 0.5 7.1 4.6 0.8 0.6
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