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RESUMO

Apesar do amplo conhecimento acerca das grandes reservas de petroleo do Pré-sal,
principalmente devido ao seu potencial econémico, a génese desses depdsitos ainda
passa por constante debate no meio cientifico. Uma abordagem na tentativa
compreender as condi¢des paleogeoquimicas das bacias é investigar as ocorréncias
de argilominerais, uma vez gque estes constituintes sdo extremamente sensiveis as
flutuagdes nas condigdes fisico-quimicas do meio em que sdo formadas. Este estudo
tem como objetivo caraterizar as diferentes fases de argilominerais tri-octaédricos e
as associacdes comuns encontradas em uma secao do pré-sal da Formacao Barra
Velha na bacia de Santos, de forma a contribuir para o avanco do entendimento sobre
as condicdes de génese do depdsito. Para Isso as amostras de testemunho de
sondagem foram submetidas a uma série de técnicas analiticas para caracterizacao
estrutural e morfologica através da Difratometria de raios X e Microscopia Eletrénica
de Varredura respectivamente, e quimica com a utilizacdo de Microssonda Eletrénica
e Espectdmetro de Massa com Fonte de Plasma. Programas de deconvolugcao e
modelamento de padrdes tedricos de difracdo também foram utilizados para o estudo
e caracterizacdo dos interestratificados presentes nas amostras. Os dados
apresentados revelam a presenca de saponita, kerolita e interestratificados
kerolita/saponita, sendo a associagdo mais comum a saponita + dois interestratificado
kerolita/saponita com empilhamentos distintos. A quimica mineral revela um teor
significativo de Al nos termos esmectiticos, tanto na fase pura quanto na
interestratificada, caracteristicos de saponita. A disponibilidade de AI®** para o meio
favorecendo a precipitacdo e/ou transformacdo da saponita é fruto da intensa
influéncia detritica na porcao estudada da bacia, bem como da intensa dissolucéo
dessas fases minerais. O episddio de dissolucédo é registrado pela assinatura dos
elementos tracos e terras raras nos argilominerais, que adsorvem esses elementos ou

incorporam na posigéo intercamada.

Palavras-chave: Pré-sal, Bacia de Santos, interestratificados, kerolite/smectite,

argila magnesiana, saponita.



ABSTRACT

Although there is a vast knowledge about the large oil reserves of the Pre-salt, mainly
due to their economic potential, the genesis of these deposits remains under constant
discussion in the scientific community. One approach to try to understand the
paleogeochemical conditions of the basins is to investigate the occurrences of clay
minerals, since these constituents are extremely sensitive to fluctuations in the
physicochemical conditions of the environment in which they are formed. The present
study aims to characterize the different phases of tri-octahedral clay minerals and the
common associations found in a pre-salt section of the Barra Velha Formation in the
Santos Basin, in order to contribute to the advancement of understanding about the
genesis conditions of the deposit. For this the drill core samples were analyzed using
a series of analytical techniques for structural and morphological characterization using
X-ray diffractometry and Scanning Electron Microscopy respectively, and chemical
characterization using Electron Microprobe and Plasma Source Mass Spectrometer.
Programs for deconvolution and modeling of theoretical diffraction patterns were also
used for the study and characterization of interstratifieds present in the samples. The
data presented reveal the presence of saponite, kerolite and kerolite/saponite
interstratifieds, the most common association being saponite + two kerolite/saponite
interstratifieds with distinct stackings. The mineral chemistry reveals a significant
content of Al in the smectite terms, both in the pure phase and in the interstratified,
characteristic of saponite. The availability of Al3+ to the environment favoring the
precipitation and/or transformation of saponite is the result of the intense detrital
influence in the studied portion of the basin, as well as the intense dissolution of these
mineral phases. The dissolution episode is recorded by the signature of trace elements
and rare earths in the clay minerals, which adsorb these elements or incorporate them

in the interlayer position.

Keywords: Pre-Salt, Santos Basin, Interestratified, kerolite/smectite, Mg-clay,

saponite.
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ESTRUTURA DA DISSERTACAO

A presente dissertacdo de mestrado tém sua estrutura baseada no artigo
“An approach in the characterization of trioctahedral clay minerals associations
from Santos Basin, Barra Velha Formation — Pre-salt”, submetido a revista Clay

Minerals e esta organizada em duas partes:

PARTE 1 — Texto integrador, abordando a introducéo do tema bem como os objetivos
do estudo desenvolvido, localizacéo e contexto geoldgico das amostras trabalhadas,
revisdo bibliografica de ocorréncias das fases minerais identificadas e conceitos
importantes, materiais e métodos utilizados no estudo, resultados, consideracdes

finais e referéncias bibliogréficas.

PARTE 2 — Artigo submetido a revista Clay Minerals (Qualis A3) intitulado “An
approach in the characterization of trioctahedral clay minerals associations from
Santos Basin, Barra Velha Formation — Pre-salt”, escrito pelo autor como resultado do

estudo de mestrado.
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1. INTRODUCAO

Devido a grande producao de petroleo, o Pré-sal brasileiro vem sendo cada vez
mais estudado. Consequentemente, novas abordagens surgem na tentativa de
caracterizar os depositos sedimentares para o desenvolvimento de tecnologias para
exploracdo desse recurso, além de prospeccdo para novas areas produtivas. Com a
Bacia de Santos néo é diferente. O boletim mensal da Petrobras, no més de janeiro
de 2023, mostrou que o Pré-sal da Bacia de Santos teve uma producdo de
aproximadamente 804 Mbbl/d de d6leo e 38MMm3/d de gas (ANP, 2023), sendo
considerada a bacia com maior producéo nacional destes commodites. No entanto,
além das grandes areas de exploracdo onde as rochas reservatorio possuem alta
porosidade e permeabilidade, na Bacia de Santos também sao registradas areas de
intensa preservacdo de argilominerais que inibem a capacidade das rochas-
reservatorios em reter e armazenar o petréleo.

Apesar da condicdo desfavoravel para a producdo de petréleo, a porcdo de
rochas tidas como ndo-reservatorio, sdo importantes meios para a compreensao da
génese dos depositos e precisam ser amplamente estudadas. Nesse contexto, os
argilominerais fornecem informacdes paleoambientais de extrema importéancia, visto
gue sao constituintes dessas rochas e que sao sensiveis a variacao de condi¢cfes
geoquimicas do meio, mesmo que sutis. No Pré-sal sdo descritas ocorréncias de
diversos argilominerais, tais como estevensita, saponita, kerolita, talco-estevensita,
sepiolita, paligorskita, ilita e ilita/esmectita (Farias et al., 2019; Souza et al., 2018;
Madrucci et al., 2019; da Silva et al., 2021; Netto et al., 2021).

Diversos autores propuseram classificac6es petrogréficas e caracterizacao das
rochas do Pré-sal das bacias de Campos e Santos (Wright & Barnett, 2015, Lima &
De Ros, 2019, Gomes et al., 2020; da Silva et al., 2021; Carvalho et al., 2022, De Ros
& Oliveira 2023). Porém, estes trabalhos tiveram enfoque principalmente na génese
dos depoésitos sedimentares e ndo em argilominerais, visto que foram desenvolvidos
em areas produtivas com pouca preservagdo de fases minerais. Sendo assim, &
comum serem atribuidos termos genéricos para as ocorréncias de argilominerais no
Pré-sal, como argilas estevensiticas, magnesianas ou ricas em magneésio. Isto ocorre
devido a dificuldade em determinar as espécies petrograficamente e devido a
similaridade cristaloquimica entre as fases minerais, principalmente dentre o grupo

dos argilominerais magnesianos.
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As rochas do Pré-sal estudadas neste trabalho foram formadas por deposicéo
ciclica de argilominerais magnesianos (ex.: esmectita, kerolita) singenéticos que
serviram de substrato para a precipitacdo de fases carbonaticas nas formas de
esferulitos de calcita e calcita fascicular (shrubs) em ambiente lacustre de alta
alcalinidade (Lima & De Ros, 2019; Wright & Barnet 2020). Foram utilizadas amostras
de um testemunho de sondagem da bacia de Santos extraido na por¢céao da bacia tida
como néo-reservatorio.

O objetivo do trabalho € caracterizar as ocorréncias de argilominerais
magnesianos, sendo em suas fases puras (ex.: estevensita, saponita e kerolita) ou
interestratificadas (ex.: kerolita/esmectita) que ocorrem na Formacao Barra Velha da
Bacia de Santos. Para isso, foram utilizados diversos métodos e técnicas analiticas
para: (1) caracterizacao estrutural e morfolégica das fases minerais por Difratometria
de raios X (DRX), incluindo modelamento de curvas teéricas de DRX caracteristicas
para as amostras e Microscopia Eletrénica de Varredura em Elétrons Secundarios
(MEV-ES) e; (2) obtencdo de composi¢cdes quimicas minerais pontuais por
Microssonda Eletronica (ME), Microscopia Eletronica de Varredura (MEV) acoplada
com Espectrometro de Energia Dispersada (EDS), e Espectrometria de Massa com
Fonte de Plasma (ICP-MS).

2. CONTEXTO GEOLOGICO

A bacia de Santos esta localizada na parte costeira no sudeste brasileiro. Se
estende do litoral de Santa Catarina, delimitada pelo alto de Floriandpolis, até o litoral
do Rio de Janeiro, onde é delimitada pelo alto de Cabo Frio. A bacia compreende
cerca de 350.000 km? e faz limite ao sul com a Bacia de Pelotas e a norte com a Bacia
de Campos (Fig. 1).

A origem da bacia estd relacionada a fragmentacdo do supercontinente
Gondwana, que no Mesozoico foi afetado por esforcos extensionais associados a
separacao entre as placas tectonicas Sul-Americana e Africana e consequentemente
a abertura do oceano Atlantico. Esses esforgos extensionais sado datados do Jurassico
Superior ao Cretaceo Inferior. Neste contexto forma-se a bacia de Santos (Milani et
al., 2007).

Inicialmente quatro grandes estagios foram definidos para a evolucdo da
margem leste brasileira: pré-rifte, rifte, marinho restrito e marinho aberto.

Posteriormente, com enfoque na individualizacéo de sequéncias deposicionais para a
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Bacia de Santos, Moreira et al. (2007) definram um novo arcabougo crono-
estratigrafico com trés supersequéncias tectonoestratigraficas, sendo elas:

Supersequéncia Rifte, Supersequéncia Pds-Rifte e Supersequéncia Drifte.

MG

ES Bacia do
Espirito Santo

SP

Rio de Janeiro

< Bacia de

-
% Campos
PR S
Bacia de %o
o
Santos _précal %

SC Alto de Florianépolis

Bacia de
RS Pelotas

Fig. 1. Localizac¢é@o da bacia de Santos. Delimitado a norte pelo Alto de Cabo Frio e a

Sul pelo Alto de Florianopolis.

A Formacéo Barra Velha (FBV), que compreende o alvo de estudo, ocorre na
Supersequéncia Pos-Rifte, também dita como por¢éo sag do Pré-sal. A discordancia
regional conhecida como pré-Alagoas (Vieira et al. 1994) na Bacia de Campos marca
o limite basal do sag (Dias et al., 1988) enquanto o limite superior € dado pelo contato
com os evaporitos da Formacéao Ariri (FA) datados de 113 Ma (Moreira et al., 2007).
De acordo com Moreira et al. (2007) a FBV possui idade eoaptiniana e junto com a FA
representam o Grupo Guaratiba.

As rochas da FBV se formaram em ambiente lacustre altamente alcalino em
condicdes evaporiticas (Wright & Barnett, 2015; Farias et al., 2019; Lima & De Ros,
2019; Gomes et al., 2020; Wright, 2020). Primeiramente foram descritas para as
por¢cdes mais proximais como estromatolitos microbias e laminitos e para porgdes
mais distais folhelhos e também, grainstones e packstones. Posteriormente foram
reinterpreatdas e compreendidas como silicatos magnesianos depositados de forma
ciclica que formam a matriz singenética para precipitacdo quimica abiotica (Wrigth &
Barnett, 2015; Herlinger et al., 2017) de shrubs e esferulitos de calcita. Ocorrem
também material intraclastico fruto do retrabalhamento dos demais constituintes e

contribuicdo de material detritico. As ciclotemas (deposic¢des ciclicas) marcadas nas
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rochas da FBV representam periodos de maior recarga pluvial intercalados a periodos
de maior taxa de evaporacdo do meio. Com o0 avanco da diagénese ocorrem
processos de dissolucdo dos argilominerais, com formacédo de poros secundarios,

dolomitizagé&o e silicificagao.

3. ESTADO DA ARTE

3.1. Filossilicatos

Os argilominerais sao de fato um grupo especifico de minerais que pertence a
familia dos filossilicatos. Os filossilicatos, por sua vez, sao caracterizados pelo arranjo
atbmico e estrutura cristalina dos minerais, que sdo formados pela alternancia de
folhas bidimensionais de geometria tetraédrica (T) e octaédrica (O), resultando em
diferentes tipos de camadas, como 1:1 e 2:1.

A folha tetraédrica é composta por atomos de coordenacao 4, geralmente Si e
Al, que compartilham trés oxigénios cada um com os atomos tetraédricos vizinhos. O
guarto vértice do tetraedro (oxigénio apical) aponta para o lado oposto ao plano basal
e, a0 mesmo tempo, faz parte de uma folha octaédrica adjacente (Brindley & Brown,
1980). A folha octaédrica é formada normalmente por atomos bivalentes, como Mg e
Fe, ou trivalentes, como Al e Fe3*. Essa folha é constituida pela ligacdo de cada a&tomo
de coordenacdo 6 a dois atomos de oxigénio apicais e a um grupo funcional OH
localizado na porcdo superior da folha tetraédrica. Essa disposicdo proporciona
metade da coordenacédo seis dos céations metalicos. A outra metade da unidade de
coordenacao é completada pelo plano terminal dos grupos OH. Nesse caso, o cation
metalico (M) mais proximo esta cercado por trés grupos OH adjacentes, totalizando
seis ligacoes.

Quando a folha octaédrica € composta por atomos bivalentes, geralmente Mg,
€ denominada tipo brucita e quando no segundo caso, por atomos trivalentes,
geralmente Al, do tipo gibbsita. Na folha octaédrica do tipo brucita trés céations de Mg
sdo comportados na estrutura afim de manter a neutralidade elétrica, a esse tipo de
folha da-se o nome de trioctaédrica. Em contrapartida, nas folhas do tipo gibbsita,
apenas dois tercos dos atomos de Al sdo comportados, devido a seu carater tri-valente
e recebe entdo o nome de folha di-octaédrica.

Assim, de acordo com o tipo de empilhamento de folhas tetraédricas e

octaédricas, ocorrem diferentes grupos estruturais basicos de filossilicados, sao eles
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(i) os de estrutura 1:1 ou tipo T-O e (ii) os 2:1 ou tipo T-O-T.

0] No arranjo estrutural conhecido como T-O (Tetraédrico-Octaédrico), a
juncdo da folha octaédrica, que é eletricamente neutra, com a folha
tetraédrica ocorre através do posicionamento de dois atomos de
oxigénio dos vértices dos tetraedros ndo compartilhados no plano da
folha, ocupando as posicbes de duas hidroxilas presentes na folha
octaédrica. Esse arranjo é caracteristico dos membros dos grupos de
minerais da serpentina (quando a folha octaédrica € tipo brucita) e
caulinita (quando a folha octaédrica € tipo gibbsita).

(i) No arranjo estrutural conhecido como T-O-T (Tetraédrico-Octaédrico-
Tetraédrico), ocorre a jun¢éo de duas folhas tetraédricas com uma folha
octaédrica. Quando a folha octaédrica é do tipo brucita, os minerais
resultantes pertencem ao grupo dos tri-octaédricos, como o talco. Por
outro lado, quando a folha octaédrica € do tipo gibbsita, os minerais
resultantes fazem parte do grupo dos dioctaédricos, como a pirofilita.
Nessa estrutura T-O-T, a folha octaédrica estd entre duas folhas
tetraédricas. A juncdo entre as folhas ocorre através da substituicao de
duas hidroxilas de um lado do octaedro por dois atomos de oxigénio dos
vértices da folha tetraédrica, e mais duas hidroxilas do outro lado do
octaedro séo substituidas por dois a&tomos de oxigénio dos vértices da

outra folha tetraédrica.

Os argilominerais englobam uma variedade de grupos, como a
serpentina/caulinita, esmectita/montmorilonita, vermiculita, sepiolita e palygorskita. A
estrutura importante do grupo da esmectita/montmorilonita pode ser derivada da
estrutura da pirofilita, por meio da inser¢cdo de folhas de 4gua molecular contendo
cations livres entre as camadas triplas T-O-T da pirofilita. As folhas da pirofilita n&o
possuem carga, 0 que possibilita sua expansado e confere a ela uma grande
capacidade de troca ibnica. Dessa forma, a estrutura resultante da
esmectita/montmorilonita possui uma natureza expansivel, o que é uma caracteristica
importante desses minerais.

Da mesma maneira, as vermiculitas derivam de uma estrutura semelhante a do
talco, também por meio da insercdo de agua molecular entre as folhas triplas T-O-T
do talco. Isso proporciona uma capacidade expansivel semelhante a da esmectita.

Além disso, outra estrutura presente nos minerais do grupo dos argilominerais
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consiste em camadas constituidas por uma folha octaédrica entre duas estruturas
TOT, com cations localizados entre as folhas T-O-T e O.

A ocorréncia de argilominerais de camada mista, que sdo compostos por
diferentes tipos de camadas alternando-se entre si, € um fenbmeno comum. A
interstratificacdo, ou “mistura”, pode ocorrer de forma ordenada, segregada, regular
ou aleatdria (MacEwan e Ruiz-Amil, 1975; Reynolds, 1980; Wilson, 1987). Dentre os
argilominerais de camada mista comumente descritos, se incluem: ilita/vermiculita,
ilita/smectita, clorita/vermiculita (corrensita), clorita/smectita e caulinita/smectita. A
formacao dessas argilas interestratificadas pode ocorrer através de processos como
intemperismo, remocdo ou absorcdo de cations (por exemplo, K), alteracdo
hidrotermal ou remoc¢&o de camadas intermediarias de hidroxido. Em alguns casos,
esses argilominerais podem representar uma fase intermediéria na transformacao de
minerais ndo-expansivos em minerais expansivos, ou vice-versa (MacEwan e Ruiz-
Amil, 1975; Sawhney, 1989).

As estruturas de interstratificacdo regular sdo facilmente identificadas por DRX
pela presenca de reflexdo basal 001, que corresponde a soma dos espacamentos dos
componentes individuais, e picos subsequentes de ordens integrais mais elevadas
(Sawhney, 1989). Por exemplo, a ilita/esmectita regular, quando saturada com Mg e
tratada com etileno-glicol, apresentaria um pico de difracdo 001 em torno de 27 A,
correspondente & soma dos espacamentos da ilita (10 A) e da esmectita (17 A). Em
contrapartida, as estruturas interstratificadas aleatoriamente tém picos que né&o
correspondem a soma dos espacamentos basais, mas sim em posi¢coes
intermediarias entre os picos das camadas minerais individuais. Por exemplo, a ilita-
clorita interstratificada aleatoriamente seria caracterizada por um pico de difracao
basal 001 entre 10 e 14 A.

3.1.1. Argilominerais magnesianos

Os argilominerais magnesianos (Tab. 1) sdo um grupo de filossilicatos com
estruturas 2:1 tri-octaédricas, que apresentam uma morfologia lamelar ou fibrosa.
Esses minerais sdo compostos por duas folhas tetraédricas intercaladas com uma
folha octaédrica, sendo esta ultima frequentemente do tipo brucita (composta sé por
Mg). O grupo é constituido por esmectitas, como estevensita, saponita e hectorita,
bem como por kerolita ou talco turbostratico (desordenado) hidratado (Brindley et al.,

1977). Além disso, também estéo inclusos no grupo os argilominerais fibrosos, como



sepiolita e palygorskita (Pozo & Calvo, 2018).

17

Tab. 1. Grupo dos argilominerais magnesianos e condicfes de formacao. O
guadrado representa uma vacéancia. Modificado de Pozo & Calvo (2018).

Argilominerais Composicéo Condicéo de formacéo Autigénese
Saponita: Sedimentos herdados (Al, K, Fe  Transformagao*
M= (Six Al -)O.-(OH).M* e Ti), influxo fluvial em fluido (pode ocorrer
Gs (Sta 574l O1o(OH)Mozs lacustre rico em Mg2+, OH-, Li+ também por
neoformagao)
Esmectitas Hectorita:
trioctaédricas A .
(Mg2,67 Lio,33) SisO10(OH):M*g 33
Estevensita: Precipitado em géis em fluido Neoformagéo
(M82,6700,33) SisO10(OH):M"033 !acu§tre. (MgZ:i-, OH-, LH—)’A
influéncia de 4gua subterranea
Si(OH)4, F-. Alto Mg/Si. Alto
pH .
Paligorskita (Mg, Al, Fe*3)5(Si,Al)gO20(OH),(OH,),.4H,0 Sedimentos herdados (Al, K, Fe Transformagéao
e Ti), influxo fluvial em fluido
lacustre rico em Mg2+, OH-, Li+
Géis em fluido lacustre (Mg2+, Neoformacgao
OH-, Li+) com influéncia de
agua subterranea Si(OH)4, F-.
Baixo Mg/Si.
Sepiolita MgsSi12050(OH)4(OH2)4.8H,0 Estevensita, kerolita-estevensita Dissolucéo e
e saponita com influéncia de precipitacdo
agua subterranea Si(OH)4, F-.
Baixo Mg/Si. Baixo pH.
Concentracdo de F-. Deplecéo
de Li+.
Kerolita Mg3Si,010(OH), Géis em fluido lacustre (Mg2+, Neoformacéo

OH-, Li+) com influéncia de
agua subterranea Si(OH)4, F-.
Alto Mg/Si. Baixo pH

De acordo com Pozo e Calvo (2018), a formacao autigénica desses minerais
por neoformacéo é principalmente influenciada pela alcalinidade, Pcoz e salinidade do
meio. Em ambientes com salinidades altas, a estevensita tende a ser
preferencialmente formada, enquanto em salinidades baixas, a sepiolita e a kerolita
tém maior propensédo a formacdo. A precipitacdo de sepiolita € favorecida por uma
baixa razdo Mg/Si. Por outro lado, a precipitacdo de kerolita, ao invés de sepiolita, é
favorecida pelo aumento do pH e teor de Mg na solucéo. Ja a formacéo de saponita e

palygorskita € considerada autigénica por meio da transformacdo de detritos
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7

pretéritos. Também ¢é descrita a ocorréncia expressiva de interestratificados

irregulares de kerolita-estevensita. A génese destes constituintes € atribuida a

flutuac&o do pH do meio gerando um processo de transformacéo da kerolita.

3.1.2. Capacidade de adsorc¢ao e incorporacéo de Elementos
Terras Raras (ETR) pelos argilominerais

A principal forma de retengdo de elementos terras raras (ETR) pelos
argilominerais ocorre por meio da adsorcdo em suas superficies (Spirn, 1965;
Balashov & Girin, 1969; Roaldset, 1973). De acordo com Balashov & Girin (1969),
esse mecanismo é responsavel por reter de 20 a 95% dos ETR presentes em
sedimentos argilosos.

Além disso, os ions dos ETR leves podem substituir cations com raio iénico
semelhante, como Ca?*, Na* e K*, que sdo comuns na posic¢ao intercamada (sitio M*)
dos argilominerais. Essa substituicdo ibnica é uma das formas pelas quais os ETR
leves podem ser incorporados a estrutura dos argilominerais.

Outra possibilidade é a substituicdo dos ions dos terras raras por outros ions
presentes em menor quantidade, como Ba?*, Cs* e Rb*. Esse processo também
contribui para a retengéo dos Elementos Terras Raras pelos argilominerais.

As interagdes entre os argilominerais e os ETR tém grande importancia na
compreensao de processos geolégicos e ambientais, visto que influenciam a
distribuicdo e disponibilidade desses elementos em diferentes contextos geoldgicos e
ecossistemas.

Estudos sobre minerais primarios (Condie et al., 1995; Walter, 1991) indicam
gue feldspatos geralmente possuem um baixo teor de Elementos Terras Raras, com
excecdo do Eurépio (Eu), o qual exibe uma anomalia positiva sistematica. Essa
anomalia ocorre devido a facilidade de substituicdo do ion Eu?* por ions como Ca?*,
Sr2* e Na* na estrutura do mineral (Panahi et al., 2000). Consequentemente, quando
os feldspatos séo dissolvidos nas rochas, ha uma liberacédo de Eu?* no sistema.

Por meio de mecanismos de adsor¢éo, os argilominerais tém a capacidade de
incorporar o teor de eurdpio provenientes dessa dissolugéo, permitindo assim registrar

o evento de dissolugcéo dos constituintes detriticos.
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4. MATERIAIS E METODOS

Para a caracterizagdo das diferentes ocorréncias de argilominerais tri-
octaédricos e interestratificados da Bacia de Santos do Pré-sal, foram utilizadas 26
amostras de um testemunho de sondagem disponibilizados pela Petrobras, no projeto
em parceria com a Universidade Federal do Rio Grande do Sul intitulado Estudo e
Caracterizacdo de Argilominerais do Pré-sal e Analogos. O testemunho utilizado
recebeu a sigla de S1 e representa uma porcao da bacia tida como nao-reservatorio.
As andlises foram realizadas em sua maioria nos laboratérios do Centro de Estudos
em Petrologia e Geoquimica (CPGq) do Instituto de Geociéncias da Universidade
Federal do Rio Grande do Sul.

4.1. Difratometria de raios X (DRX)

A difratometria de raios X (DRX) é a principal técnica utilizada na investigagao
de argilominerais. Essa técnica permite identificar fases minerais por sua organizacao
em planos atdmicos, que sao caracteristicos para cada grupo ou espécie, ndo sendo
o tamanho da particula um limitador para a analise.

Na técnica de DRX um feixe de raios X gerado pela colisdo de elétrons
acelerados sob um anodo (usualmente de cobre) € incidido sobre a amostra em um
determinado angulo e difrata ao colidir com planos atémicos da estrutura do sélido
cristalino. Quando no fendmeno de difracdo a Lei de Bragg (n A = 2 d senB) é
respeitada, é gerado um pico de difragdo que representa o valor de “d” (distancia
planar) da equacao. Na Lei de Bragg o “A” representa o comprimento de onda, que é
definido pelo tipo de anodo utilizado para gerar os raios X, o “senf” é a posi¢ao angular
de varredura e o “n” representa um numero inteiro de comprimento de ondas, que é
sempre 1 devido ao angulo de incidéncia e de recepcao de raios X serem 0S mesmos
com a o plano horizontal.

As 26 amostras estudadas foram submetidas a analises por DRX em p0 total
de rocha, para identificacdo de fases minerais, e posteriormente para analises em
fracdo argila (<4pm) na forma orientada. As amostras inicialmente sofreram processo
de desagregacao dos argilominerais em meio aquoso através de agitacdo mecanica
e por ultrassom e posteriormente submetidas a decanta¢céo segundo a Lei de Stokes.
Ap6s a decantacdo o material foi colocado em laminas de vidro e secos em

temperatura ambiente para posterior analise. Quando secas as laminas de argila
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foram analisadas em trés condi¢fes distintas sendo elas, (i) natural, sem adicéo de
outros tratamentos, (ii) glicolada, com a saturacéo por etileno-glicol para verificar o
potencial de expansdo dos argilominerais e (iii) calcinada, onde foram aquecidas a
550°C por 2h: 30min, afim de verificar o comportamento acerca da perda de agua
estrutural das amostras.

Um experimento adicional foi realizado com as amostras com o objetivo de
distinguir entre as esmectitas tri-octaédricas (saponita e estevensita). O experimento
consiste em realizar uma segunda saturacdo em etileno-glicol (re-glicolada) nas
amostras ja calcinadas afim de investigar a capacidade de reidratacéo das esmectitas.
O método descrito por Christidis & Koutsoupolou (2013) induz a afirmativa de que a
saponita possue a capacidade de se reidratar com facilidade mesmo apds a
calcinagcéo e consequente modificagcdo de sua estrutura cristalina para uma estrutura
tipo mica, enquanto a estevensita nao.

As analises por DRX foram realizadas com a utilizagado de dois difratbmetros
Siemens (BRUKER AXS) modelo D-5000 (6 - 6) e D-5000 (6-268) operando a 40 kV e
30 mA com anodo de CuKa. Para as analises de po total o parametro analitico de
varredura utilizado foi de 2-72° com passo de 0.02° por segundo. Para as analises
natural e calcinada da fracdo argila o parametro analitico utilizado foi de 2-32° com
passo de 0.02° a cada dois segundos, ja para as analises glicolada e re-glicolada, foi
de 2-32° com passo de 0.02° a cada trés segundos, para uma melhor precisdo dos
picos de difracao.

ApoOs a interpretacao preliminar dos dados de DRX as amostras com potencial
para o estudo de interestratificados foram selecionadas. Os parametros analisados
para a escolha foram assimetria do pico 001 da esmectita, deslocamento do pico
principal, descontinuidade dos valores de “d” da série de picos de difragdo da
esmectita (ex.: 001, 002, 003 etc.), principalmente na analise glicolada onde a
estrutura dessas fases minerais tendem a se reorganizarem e presenca marcante de
picos de difracdo proximos de distancias “d” 9.65 A, caracteristico de kerolita, visto
gue na literatura ja € amplamente descrita a presenca de interestratificados do tipo
kerolita-esmectita.

As amostras selecionadas foram submetidas a novas separacgoes
granulométricas intervaladas em 1um <2um, 0.5 um <1um e <0.5 pm. O objetivo do
preparo foi analisar a variagéo de fases minerais e seus teores em diferentes fragdes.
Apés a verificagdo dos dados obtidos nessa etapa, iniciou-se o estudo dos

interestratificados presentes nas amostras através da utilizagdo de softwares
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specificos para este fim.

4.2. NEWMOD - 2® e DecompXR®

Para o estudo dos interestratificados se fez necessario a utilizacéo de softwares
de modelamento de padrdes tedricos de difracdo (NEWMOD) e também de
ferramentas de deconvolucéo de picos de difracdo. Todas as amostras selecionadas
para o estudo foram submetidas a deconvolugdo dos picos principais (001 da
esmectita e kerolita) afim de investigar a existéncia de sobreposicéo e interferéncia de
multiplos picos de difracdo. No software DecompXR é possivel ajustar parametros
como intensidade dos picos de difragéo, largura de pico (FWHM) e posigao 26.

Os valores de distancias “d” e posi¢cdes angulares foram registrados e utilizados
como parametro de comparacdo para o modelamento de padrbes de difracdo pelo
NEWMOD. Para modelar a estrutura do interestratificado foi utilizado como
configuragéo padréo no software “tri-mica/tri-smectite” com espagamentos basais de
9.65 A para kerolita e 16.9 A para esmectita saturada com etileno-glicol. O valor de
“‘N” (niumero de camadas de difracdo) foi considerado de 1 a 7, e a probabilidade de
transicdo do empilhamento foi definido como aleatério (Reichweite = 0). O
modelamento foi realizado alterando o teor de cada estrutura no empilhamento para
um valor que melhor se ajustou as curvas experimentais.

Além do modelamento dos interestratificados pelo software NEWMOD?2@, foi
possivel simular as fases puras de esmectita tri-octaédrica e kerolita e sobrepor as
diferentes fases tedricas gerando uma curva teérica somatoério das demais. Essa
curva pode entdo ser comparada com o difratograma real obtido pela analise de DRX.
Assim foi possivel verificar diferentes combinacdes entre fases puras e

interestratificadas e em diferentes teores de cada uma.

4.3. Microscopia Eletronica de Varredura (MEV)

Na Microscopia eletrbnica de varredura um feixe de elétron emitido pelo
equipamento passa por uma série de lentes que o ajusta em direcdo a objetiva. A
objetiva entdo foca o feixe de elétrons antes que ele colida com a amostra a ser
analisada. Ao atingir a amostra parte do feixe reflete e € coletado por detectores que

produzem dados em forma de imagem para elétrons retroespalhados, que sao
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refletidos quando o feixe incide na amostra e elétrons secundarios, que sao emitidos
pela amostra ao contato com o feixe. Ainda podem ser obtidos dados da quimica
mineral pela emisséo de raios X caracteristicos com a incitagdo da amostra e deteccao
pelo sistema de Espectroscopia de Energia Dispersiva (EDS). No MEV a técnica mais
utilizada para o estudo de argilominerais € a de Elétrons Secundarios (SE) visto que
tem a capacidade de produzir imagens morfologicas de constituintes minerais
nanomeétricos e com alta resolucao.

Dez amostras de rochas foram investigadas utilizando essa técnica afim de
encontrar morfologias caracteristicas para os argilominerais identificados pela
difratometria de raios X. As analises foram feitas através de fragmentos das rochas
gue foram submetidos a dupla metalizacéo (ouro + carbono). O equipamento utilizado
foi um microscépio eletrénico de varredura (MEV) modelo Jeol JSM-6610-LV,
equipado com um detector de EDS Bruker XFLASH 5030 disponivel no Laboratério
do CPGq - UFRGS.

4.4. Microssonda Eletronica (ME)

A analise pontual em ME é de extrema importancia para a caracterizacao
guimica dos argilominerais. Nesse contexto a técnica analitica apresenta a maior
precisao na selecéo de pontos a serem analisados, visto que o feixe de elétrons possui
1 um de didmetro, e na quantificacdo dos elementos quimicos. A quantificacdo é
possivel pois as andlises quimicas sdo comparadas a curva de padrdes. Os valores
analisados séo entdo plotados na curva e calculados pela interpolacéo dos dados.

Para as andlises quimicas pontuais para o material de estudo foram
selecionadas 7 laminas delgadas. As laminas foram analisadas no Laboratério de
Microssonda Eletronica do CPGq - UFRGS em um equipamento Cameca SXFive
equipado com cinco espectrometros WDS (Wavelenght Dispesive Spectroscopy).

Os oOxidos analisados para os argilominerais foram MgO, Al203, SiO2, K20,
CaO, FeO, MnO, TiO2z, NazO e F. Os teores desses elementos obtidos nas amostras

foram utilizados para o calculo da formula estrutural na base de 11 6xigénios.

4.5. Espectroscopia de Massa com Fonte de Plasma (ICP-MS)

A técnica de ICP-MS foi utilizada para a quantificacdo de elementos tragos e
Elementos Terras Raras (ETR) que possuem teores na ordem de parte por bilhdo

(ppb) nas amostras estudas. A técnica consiste na separacdo de ions gasosos em
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funcdo da razdo de massa pela carga durante o transporte devido a acao de campos
elétricos e magnéticos que alteram a suas trajetorias. Os ions na forma gasosa sao
gerados no plasma indutivo.

Seis amostras contendo somente argilominerais foram separadas para a
analise de Elementos Tracos e Elementos Terras Raras e submetidos ao Laboratorio
da Universidade Cote D'Azur em Nice na Franca. O preparo das amostras envolveu
separacdo granulométrica pela lei de Stokes e dissolucdo de constituintes
carbonaticos presentes. Estas amostras foram submetidas ao ataque acido em
proporgdo de 1:1 (ml) de acido acético 2N e da amostra diluida em agua deionizada e
misturada com agitador termo magnético por 30 minutos a uma temperatura de 50°C.
Apos o ataque acido a amostra foi depositada em lamina para analise por DRX e
constatacdo da dissolucdo da calcita pelo desaparecimento do pico 3.03A,
caracteristico dessa fase mineral.

Os ETR analisados foram La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu e outros elementos em concentracdes similares como Th e Y. Os Elementos tracos
analisados foram Ti, Mn, Ni, Co, Cu, Zn, As, Rb, Sr, Ba, Pb,e U

5. SINTESE DOS RESULTADOS E DISCUSSOES

» Das 26 amostras de S1 estudadas por DRX, apenas as trés que compde a base
do testemunho ndo contém argilominerais e apresentam um significativo processo de

dolomitizagéo.

* Os argilominerais singenéticos tri-octaédricos que compde a matriz das rochas
na area de estudo para a Formacéo Barra Velha (FBV), sédo fases majoritariamente
ricas em aluminio. Em apenas cinco amostras nado foi constatada a reidratacdo da
esmectita apos 0s ensaios de saturacdo com etileno-glicol no material ja calcinado.
Sendo assim, fases minerais saponiticas (saponita pura ou interestratificada) sao as

mais abundantes.

* O modelamento de padrbes teoricos de difracdo revelou a possivel co-
existéncia de dois tipos de interetratificados. S&o interestratificados kerolita/esmectita,
sendo um composto por 20 % de camadas de kerolita no empilhamento (RO K (0.2)
/S), e outro composto por 70-80% de kerolita (RO K (0.7-0.8) /S). Essas fases minerais

ocorrem na amostra em associacdo com fases puras de saponita ou kerolita.
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* Mesmo em fracdo granulométrica menor que 0,5 um foi possivel observar, por
DRX e modelamento de padrbes de difracdo, a presenca das associacfes de
argilominerais tri-octaédricos. Isso indica que petrograficamente € inviavel definir as
espécies de argilominerais presentes na matriz das rochas estudadas apenas por
suas caracteristicas Opticas. A laminacdo observada na rocha entéo, é formada pela
associacdo de fases puras de esmectita (predominantemente saponita) e

interestratificados kerolita/smectita.

» Além dos ensaios de reidratacdo, as analises quimicas por WDS indicam um
elevado teor de Al203 nas amostras analisadas de esmectita e interestratificados. O
Al ocorre nas saponitas em duas formas distintas, sendo uma ocupando somente 0
tetraedro (saponita tipo I) e outra ocupando os dois sitios, tetraédrico e octaédrico
(saponita tipo Il). O Al também esta presente com alta relevancia nas analises obtidas
para os interestratificados. Desta forma foi possivel inferir que o termo esmectitico dos
interestratificados também é saponita.

* A ocorréncia significativa de saponita indica um alto influxo de ions e/ou
contribuicdo detritica na bacia, provavelmente pela influéncia fluvial e dissolucdo de
material extrabacinal enriquecendo o meio em Al®*. A assinatura de elementos tracos,
com alto teor de Ba, Sr e para ETR com anomalia positiva de Eu também séo
indicativos de processos de dissolucdo de constituintes detriticos como feldspato e
outros minerais como barita. Esses elementos quimicos sdo adsorvidos pelos

argilominerais e/ou incorporados da posicéo interlayer.

« Diferente do descrito para outras por¢des da Bacia de Santos do Pré-sal com
guantidades expressivas de kerolita e fases interestratificadas de kerolita com
estevensita, na area de estudo ocorre predominantemente a saponita e
interestratificados kerolita/saponita, sendo as fases puras de kerolita e estevensita ou
interestratificacbes com esses membros, restritas a poucas amostras. Pode-se partir
da premissa entdo, que em ambientes lacustres alcalinos com menor influéncia
detritica favorecem a precipitacdo de fases livres em aluminio e areas onde o aporte

ionico de Al é relevante, as esmectitas do tipo saponita predominam.
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6. CONCLUSOES

O estudo dos argilominerais tri-octaédricos e fases associadas presentes na
Formacéao Barra Velha na area proposta atraves da utilizacéo de diversas técnicas
analiticas aqui apresentadas para a caracterizacdo estrutural e quimica desses
constituintes, se mostrou de extrema importancia. O presente trabalho foi capaz
de mostrar a existéncia da fase mineral interestratificada de kerolita/saponita cuja
ocorréncia ainda nao havia sido descrita para as rochas da bacia de Santos do
Pré-sal.

A ocorréncia dos argilominerais magnesianos enriquecidos em aluminio, neste
contexto, apresenta uma nova area de pesquisa e avanco cientifico acerca da
influéncia do aporte idnico e detritico na génese e transformacéo dos depdsitos do

Pré-sal.
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Abstract: This study aims to characterize the different phases of magnesian clay
minerals and the common associations found in a section of the pre-salt Santos basin,
in order to contribute to the advancement of the understanding about the paleo-
geochemistry of the deposit genesis. The study was made with samples of drill core
extracted at more than 5000 m depth and characterized by X-ray diffractometry, chemical
analyses by Electron Microprobe and ICP-MS for trace elements and Rare Earth
Elements and theoretical modelling of diffraction patterns with NEWMOD-2® for
interstratified. The data presented reveal the presence of saponite, kerolite and
kerolite/smectite interstratified, the most common association being saponite + two
distinct kerolite/saponite interstratified. The smectite analyzed in the study is mainly
saponite, a more A" rich phase occurring as saponite type | and II, the smectite term of
the interlayer is also rich in aluminum. Kerolite and stevensite in their pure phases are
restricted to few samples. The evidence indicates a strong transformation of kerolite to
interstratified phases and of smectites to more aluminous terms due to the high
availability of AI** arising from the significant dissolution of detrital constituents present
in this portion of the basin by the reduction of pH in the environment caused by
streamwater inflow. The dissolution episode is marked by the expressive assimilation of
trace elements, such as Ba and Sr, and light and medium Rare Earth Elements,
adsorbed and/or incorporated in the interlayer position in magnesian clay minerals, as

well as records of europium anomaly.

Keywords: Pre-Salt, Santos Basin, Interestratified, kerolite/smectite, Mg-clay, saponite.
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Introduction

Pre-salt Santos Basin

According to Petrobras’ annual report, the Santos basin is responsible for the
largest oil and natural gas production in Brazil. In January 2023 there were
approximately 804 Mbbl/d and 38 MMm?3/d respectively (ANP, 2023). The basin
is located in southeastern Brazil and comprises about 350,000 Km? extending
from the coast of Santa Catarina to the coast of Rio de Janeiro, delimited to the
south by the Floriandpolis Ridge and to the north by the Cabo Frio Ridge.

The origin of the basin is related to the breakup of the supercontinent Gondwana
and the opening of the Atlantic Ocean. It can be divided into three
tectonostratigraphic super sequences: rift, post-rift and drift (Moreira et al. 2007).
The post-rift super sequence corresponds to the Barra Velha Formation (BVF)
from the Guaratiba Group and the Ariri Formation. The first is composed of two
sedimentary sequences of transitional, shallow continental-marine depositional
environment with high stress. The base sequence comprises microbial
limestones, stromatolites, laminites, shales, grainstone and packstones
corresponding to the lower portion of the BVF with sediments of Eoaptinian age.
The overlying sequence is marked by the occurrence of stromatolitic limestones
and locally dolomitized laminites, intercalated with shales. This portion of the BVF
dates from the Neoaptinian and has as its upper limit the base of the evaporites.
The Ariri Formation comprises Neoaptinian-aged evaporites composed generally
of halite and anhydrite. The upper limit of the sequence is marked by the contact
with siliciclastic and carbonate sediments of the Floriandpolis and Guaruja

formations.

Lithologies - Barra Velha Formation

Several authors have proposed petrographic classifications for the rocks of the
Campos and Santos basins of the Pre-salt (Wright and Barnett, 2015, Lima & De
Ros, 2019; Gomes et al., 2020; da Silva et al., 2021; Carvalho et al., 2022; De
Ros and Oliveira, 2023). With different approaches, Rossoni et al. (2023) and
Hauber et al. (2022) performed detailed petrographic studies with the same set
of samples used for this work. The samples correspond to a drill core (S1) from

the non-reservoir portion of the Santos Basin. The first uses petrofacies
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description proposed by De Ros & Oliveira (2023) and the second, a lithotype
approach based on the proposal of Carvalho (2022).

In general, they are carbonate rocks composed of calcite spherulites (Fig. 1-a),
facicular calcite and micro- to macro-crystalline dolomite (Fig. 1-b) surrounded by
a syngenetic matrix of trioctahedral magnesian clay minerals (Fig. 1-a). Pyrite
and a subordinate detrital contribution of quartz, feldspar and mica also occur.
The facies described are spherulstones, shrubstones and mudstones.
Syngenetic clay minerals occur in the form of smectite in high-birefringence wavy
laminations, low-birefringence kerolite occupying inter-aggregate spaces
(Rossoni et al., 2023), interstratified and peloids. These constituents are the
substrate for calcite precipitation in the form of spherulites and shrubs (Lima &
De Ros, 2019). With the advance of diagenesis, dissolution processes occur, with

pore formation, dolomitization and silicification.

Figure 1. General aspect of the S1 rocks. (a) petrographic sheet with parallel polarizers (LP). CS
= calcite spherulites; MgC = Mg-clay minerals in matrix. (b) backscattering image from SEM. Dol
= dolomite; Cal = calcite.

Mg-clay minerals

Pre-salt rocks are characterized by the occurrence of a set of clay minerals
described as stevensite, saponite, kerolite, talc/stevensite, sepiolite, palygorskite,
illite, illite/smectite (Souza et al., 2018; Farias et al., 2019; Madrucci et al., 2019;
da Silva et al., 2021; Netto et al., 2021). The dissolution of clay minerals in part
of the basin is responsible for the generation of porosity and promotes a reservoir
quality to the rocks while the preservation of these constituents disqualifies them
as such. In the Santos basin, the BVF is characterized by the occurrence and
significant preservation of magnesian clay minerals in the areas considered as

non-reservoir. Magnesian clay minerals are the most interesting, since they
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reflect specific paleoenvironmental conditions of highly alkaline lakes (Rehim et
al. 1986; Pozo & Casas 1999) with high Mg/Si ratio. However, these are
commonly assigned generic terms such as stevensitic clays or magnesium-rich
clays (Farias et al., 2019) due to the impossibility of determining the species
petrographically and also to their crystallochemical similarities.

Magnesian clay minerals comprise a group of phyllosilicates with 2:1 trioctahedral
structures of lamellar or fibrous habit. Two tetrahedral sheets intercalated with
one octahedral sheet, the octahedral sheet being composed essentially of Mg?*.
The group is composed of smectites (stevensite, saponite and hectorite), kerolite
or hydrated turbostratic talc (Brindley et al. 1977) and fibrous clay minerals such
as sepiolite and palygorskite (Pozo & Calvo, 2018). According to Pozo and Calvo
(2018) autigenesis by neoformation is mainly controlled by the alkalinity, PCO:2
and salinity of the environment. High salinities support the formation of stevensite
while low salinities favor the formation of sepiolite and kerolite. Low Mg/Si ratio
also favors sepiolite precipitation. Similarly, kerolite precipitation rather than
sepiolite formation is favored by an increase in pH and Mg content in the solution.
The formation of saponite and palygorskite is thought to be authigenesis by
transformation of preterite debris (Pozo & Calvo, 2018).

The significant occurrence of irregular kerolite/stevensite interstratifications is
also described. The genesis of these constituents is attributed to the fluctuation
of the pH of the environment generating a kerolite transformation process.

Materials and methods

The samples were provided by Petrobras through the project "Study and
Characterization of Pre-salt Clay Seams and Analogs", in partnership with the
Federal University of Rio Grande do Sul. The sampling was done by borehole
cores extracted at a depth of more than 5000m below the ocean floor, in the
Santos basin of the Pre-salt in the portion enriched in clay minerals defined as
non-reservoir. A total of 26 core samples (S1) were used for the work. The
techniques used for the characterization of the samples were X-ray diffractometry
(XRD), for analysis of total powder and clay fraction in oriented films. The semi-
guantification of phases was done by the Reference Intensity Ratio (RIR) method,
where the intensity of the diffraction peaks is related to those of a defined

analytical standard. For point chemical composition and analysis of ETRS and
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trace elements, the techniques of Electron Microprobe Microanalyzer (EPMA)
and ICP-MS were used, respectively, Scanning Electron Microscopy (SEM), for
acquiring images of constituent morphologies by Secondary Electrons (SE) and
software such as DecompXR® and NEWMOD - 2® for modeling theoretical
diffraction characteristic curves for the samples.

The analyses were performed at the Centro de Estudos em Petrologia e
Geoquimica of the Institute of Geosciences, Federal University of Rio Grande do
Sul, Brazil, except for the analysis of Rare Earth Elements and traces. REEs and
traces were analyzed in the laboratory of the Université Céte D'Azur, Nice,
France. For the X-ray diffractometry analyses, two Siemens diffractometers
(BRUKER AXS) model D-5000 (6 - 6) and D-5000 (8-26) operating at 40 kV and
30 mA with CuKa anode were used. All 26 samples were analyzed by XRD in
total powder and clay fraction oriented method. In addition, all these samples
were subjected to an experimental rehydration test adapted from Christidis &
Koutsopoulou (2013) to distinguish stevensite from saponite.

Point chemical analyses of the syngenetic clay matrix were obtained on 7 thin
sections by EPMA on a Cameca SXFive equipped with five WDS (Wavelenght
Dispersive Spectroscopy) spectrometers. REE and trace elements analyses
were performed on 6 samples of clay minerals previously separated by
decantation according to Stokes' law.

Secondary electrons images were obtained using fragments of the samples to
study the morphology of the constituents. The samples were submitted to double
gold + carbon metallization for better resolution of the images. The equipment
used was a scanning electron microscope (SEM) model Jeol JSM-6610-LV,
equipped with a Bruker XFLASH 5030 EDS detector.

The characteristic diffraction patterns were simulated using the NEWMOD-2®
software which uses the algorithms described by Reynolds (1985) in its older
version. Tri-mica/tri-smectite with basal spacings of 9.65 A for kerolite and 16.9
A for ethylene glycol saturated smectite was used to simulate the structure of the
interlayer. The value of N (number of diffraction layers) was taken from 1 to 7 and
the stacking transition probability was set to random RO (Reichweite = 0).
Modeling was performed by changing the content of each structure in the stacking

to a value that best fitted the experimental curves.
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Results and discussions

Characterization of samples

XRD analyses. The XRD results of the 26 total powder samples indicate that they
are mostly composed of Mg-clays (trioctahedral smectite, kerolite), calcite (cal)
and dolomite (dol). Other related minerals also occur such as quartz (qz), illite
(i), pyrite (py), orthoclase (ort). Only in sample 6130 magnesite (mag) occurs.
The three samples from the base of core S1 (6130, 6400 and 6860) do not contain
clay minerals. In the semi-quantitative phase analysis by XRD, as presented in
Table 1, the concentrations of total clay minerals in the samples range between
13-54% among 23 samples with an average value (Md) of 39.5%. Silica in the
form of quartz or chalcedony occur at a concentration of Md = 11.5%. For
carbonates the concentration ranges from 10-45% (Md = 23.5%) and 0-42% (Md
= 21.5%) for calcite and dolomite respectively. Other rock constituents such as
pyrite, feldspars and magnesite make up less than 2% (Md) and are missing in
the vast majority of samples.

For the 9 samples selected for analysis of clay fractions (<2um; <lum and
<0.5um) by XRD, none showed different curve patterns among the fractions of
the same sample. This shows the presence of the same mineral phases in the 3
particle size ranges. The 10 samples indicated in Table 1 with "*" have a higher
content of interstratified kerolite/smectite in relation to the pure smectite content.
This was indicated by the high asymmetry of the 001 reflection of smectite
between 16.9 A and 18 A in oriented analysis when saturated with ethylene
glycol. In addition, the presence of diffuse reflections near 9.65 A also indicated
the presence of this mineral phase. Interstratification modeling for these samples
(Fig. 1), revealed the existence of at least two interstratified kerolite/smectite
phases with different structural stackings.

Table 1. Semi-quantitative analysis of mineral phases obtained by X-ray diffractometry in total
rock powder.

Relative abundance of the minerals

Sample #
56-41%  40-31% 30-21% 20-11% 10-6% <5%
2250* Mg-clay cal dol, gz py, ill
2255 Mg-clay cal dol gz py, ill
2260% Mg-clay cal, dol qz ill
2265% Mg-clay cal, dol qz py, ill

2270%134 4ol cal Mg-clay qz
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244212 Mg-clay qz cal dol ill
2755% 13 Mg-clay dol cal, qz

2910% 2%  Mgclay cal dol, ort qz
29302 Mg-clay  cal qz dol, py, ill
3040* 3 cal Mg-clay, dol qz ill
3095* dol Mg-clay cal qz
3100*% 13 cal Mg-clay, dol ill, gz
3330% %% Mg-clay cal, dol qz

3440 Mg-clay dol gz cal, ort ill
3580%* 3 cal dol Mg-clay qz ill
37552 Mg-clay cal gz dol, ort ill
3880 Mg-clay qz cal dol, ort ill
39952 Mg-clay cal gz dol, ort ill
40607 Mg-clay  cal qz ill

4270%3 Mg-clay, dol cal, gz

4305% 3 Mg-clay cal, dol, gz py, ill
4590* 1.3 cal Mg-clay, dol  qz ill
4980 Mg-clay cal, dol, gz ort ill
6130 dol cal, gz, mag

6400 cal, dol qz

6860 dol cal gz

Mg-clay = magnesian clay minerals (kerolite, saponite, stevensite, kerolite-smectite); cal =
calcite; dol = dolomite; gz = quartz; py = pyrite; ill = illite; ort = feldspar; bt = biotite; mag =
magnesite. * samples with higher interstratified content; * EMPA data obtained; 2 REE and
traces elements data obtained; 3 interstratified modeling data; 4 samples with stevensite defined
by rehydratation experiment (Christidis & Koutsopoulou, 2013).

Authors such as Da Silva et al. (2021) and Rossoni et al. (2023) have previously
described rocks from the non-reservoir portion of the Santos Basin. In both
studies the mineral constituents of the rocks and the contents of these phases
are similar to those found in the present work. Other authors (Farias et al., 2019;
Lima et al.,, 2019) also describe the occurrence of these mineral phases in
lithofacies characteristic of the sag portion of the Pre-salt for the Campos and
Santos basins. However, in these works, magnesian clay minerals are less
abundant due to the dissolution of these constituents by the increase in CO2
content. This effect causes a significant increase in rock porosity and gives them
hydrocarbon reservoir quality. Several authors (Tosca & Wright, 2015; Herlinger
et al. 2017; Lima & De Ros, 2019; Wright & Barnett, 2020; Netto et al. 2022)
describe the occurrence of tri-octahedral smectite in the Barra Velha Formation
and classify it as stevensite, an Al-free species as well as kerolite (turbostratic
hydrated talc) (Pozo and Calvo, 2018). Interstratified kerolite/stevensite and
sepiolite are also described.

With the test adapted from Christidis & Koutsopoulou (2013) it was found that the
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two variants of trioctahedral smectites occur in the studied samples, stevensite
and saponite. However, the second one is the predominant phase in drill core S1.

Only five samples contain stevensite (Tab. 1).

Interstratification studies - Model one-dimensional X-ray pattern. Using
NEWMOD2® software, multiple interstratified phases with different kerolite and
trioctahedral smectite (saponite/stevensite) contents were modeled. A
characteristic variation of the stackings in the irregular K/S interstratifications
occurs between the different samples worked, one being enriched in the kerolite
term and the other in the smectite term. The interlayers are RO K(0.2)/S and
another RO K/S ranging from 75-80 % kerolite (RO K(0.7-0.8)/S). In addition, it
was possible to observe the coexistence of the two interlayers with pure phases
of trioctahedral smectite (tri-smectite) and kerolite, also modeled by the software.
In Figure 2 itis possible to observe the similarity of the theoretical curves resulting
from the superposition of multiple phases, with the experimental XRD curve for 4
analyses in the clay fraction <0.5 um saturated with ethylene glycol. The most
common association is that of two interstratified K/S (RO K(0.2)/S; RO K(0.7-
0.8)/S) + tri-smectite. The associations two K/S + kerolite, RO K(0.7-0.8)/S + tri-
smectite and RO K(0.2)/S + tri-smectite also occur.

Analyzing samples from another portion of the Santos basin, Da Silva (2022),
modeled interstratified RO K(0.15)/S and RO K(0.85)/S and defined the smectite
term as stevensite. Interstratified kerolite/smectite are widely discussed in the
literature by many authors, for kerolite/stevensite (Eberl et al.; 1982; De Vidales
et al., 1991; Dekov et al. 2008; Pozo & Calvo, 2018) and for kerolite/saponite
(Steudel et al., 2017). They are usually associated with hydrothermal alteration
of basic and ultrabasic rocks (Dekov et al. 2008), but also as authigenesis by
neoformation in saline lacustrine environments (Pozo & Calvo, 2018) or by

transformation of kerolite (Eberl et al., 1982).
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Figure 2. Simulated multiple diffraction patterns (XRD) for magnesian clay-mineral
associations of 4 samples. Simulated mineral phases are kerolite (as tri-mica), Mg-
smectite (as tri-smectite 2Gly), interstratified RO K(0.2)/S (K-S a) and interstratified
RO K(0.7-0.8)/S (K-S b). Experimental curve in black and theoretical modeled
curve in yellow.

Clay minerals morphologies with Scanning Electron Microscopy — SE. In
secondary electron SEM analysis on rock fragments and with the monitoring of
the spots by EDS analysis it was possible to identify several morphologies of the
constituents of the samples. The images were obtained both for the set of clay
minerals identified by XRD and for other associated detrital or syngenetic phases.
The K/S interlayers occur as lamellar aggregates of diameter greater than 5 pm
superimposed in a parallel order composing the lamination of the rock. They
occur as smooth (Fig. 3-a) or rough (Fig. 3-b) facies morphology. Smectite occurs
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as overlapping oriented and parallel lamellar aggregates with smaller diameter
(about 3 pum) and with irregular edge terminations (Fig. 3-c). In addition, the
honeycomb morphology characteristic of smectites is also apparent (Fig. 3-d).
Kerolite occurs as small lamellae, <2um, equidimentional in the a and b axes, but
with overlapping lamellae in a disoriented manner forming a striated pattern (Fig.
3-e). It commonly occurs in spaces between the lamination of the rock formed by
K/S and smectite and between shrubs, generating the appearance of kerolite
"pockets”, as shown in Figure 3-f.

Figure 3 (g) and (h) shows the morphology of illite. This clay mineral occurs in the
form of small fibers at the terminations of the lamellae of other mineral phases.
The illite fibers can reach 0.1um in thickness, approximately. They sometimes
form on the more elongated face of another clay mineral and bond with adjacent
or underlying lamellae in the sample.

In addition to the distinct morphologies found for clay minerals, other associated
mineral phases were identified. In Figure 4 it is possible to observe, in (a), blocky
calcite occurring in an isolated way surrounded by smectite and, in (b), blocky
calcite in the form of tabular aggregate. The tabular aggregate form of calcite was
identified in only one of the samples analyzed. The image (c) of the same figure
shows a detrital grain of biotite also surrounded by smectite, both identified by
EDS spot analysis.

Another detrital grain observed is that of alkali-feldspar, with a record of intense
dissolution in the surroundings of smectite (Fig. 4-d). In image (e) of the same
figure, it is possible to observe silica concretion in the form of quartz or
chalcedony, smaller than 10 um in size between the lamination formed by K/S
interstratified and smectites in the matrix. Dolomite rhombohedra, of different
sizes, dispersed in the clay matrix, occur in a generalized way among the
samples (Fig. 4-e).

Dissolution of detrital constituents such as alkali-feldspar is an important provider
of ions that are assimilated during the process of formation of transformation clay
minerals such as saponite, which is characterized by isomorphic substitutions of
AP* in the tetrahedral site and also by containing significant contents of
octahedral aluminum. The dissolution of feldspar may also have provided ions
such as Na* and Ca?* that are incorporated into the interlayer position of the clay

minerals and trace elements and rare earth elements that may be incorporated
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into the structure or adsorbed by these mineral phases.
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Figure 3. Images of magnesian clay minerals obtained by secondary electrons in
scanning electron microscopy of fragments of the studied samples. (a) and (b)
interstratified kerolite/smectite composing the sample matrix in laminated
aggregates. (c) saponite. (d) saponite in honeycomb. (e) kerolite in aggregates of
disordered lamellae. (f) kerolite occurring between rock lamination. (g) and (h)
acicular illite occurring perpendicular to the surface of magnesian clay minerals.
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Figure 4. Images of detrital and syngenetic mineral phases associated with
magnesian clay minerals. Secondary electron microscopy images of fragments of the
studied samples. (a) Interstratified blocky calcite; (b) tabular aggregate of blocky
calcite; (c) detrital biotite; (d) partially dissolved feldspar surrounded by saponite; (e)
residual silica; (f) rhombohedral dolomite surrounded by Mg-clays.

Chemistry of clay minerals

Electron Microprobe Microanalysis (EMPA). Table 2 presents the average values
(Md) in wt% in oxide for smectite, kerolite and insterestratified kerolite-smectite
for 7 samples obtained by electron microprobe (WDS). There was a total of 206
points for interstratified, 158 points for smectite and 66 points for kerolite. In the
table, the last three lines from the table present the occupancy of aluminum in
the tetrahedral, octahedral sites and interlayer charge respectively. These values
are illustrated in the graph "Al iv X Al vi" (AI** by structural formula on the basis
of 11 oxygens) in Figure 5 are (b) for saponite?, (c) for saponite? and (d) for
kerolite and interstratified K/S, where the diameter of the circles represents the
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interlayer charge, "Al iv" occupancy of aluminum in the tetrahedral site and "Al vi"
occupancy of aluminum in the octahedral site.

In the ternary diagram 4Si-3R?*-M* (Meunier et al., 1991) in Figure 5-a most of
the points plotted for smectite are in the area defined as the field of tri-octahedral
smectites. The dispersion of the points may indicate, in addition to the presence
of distinct smectite compositions, the proximity to the interstratified phases in the
analyzed points, since they occur together in the rock matrix. This evidence can
be indicated mainly by the plotted points for saponite? (magenta) which are very
close to the area trend for K/S interstratified.

For interstratified smectites the plotted points are in the area between the field of
tri-octahedral smectites and the field of talc’s zone (red) and the dispersion of the
points indicates the variations of structural stacking between kerolite and
smectite. For kerolite, the plotted points are concentrated in an area very close
to the talc pattern, as expected.

The smectites encountered have an interlayer charge of up to 0.39 per formula
unit (p.f.u), in addition to tetrahedral and octahedral aluminum and a significant
compositional variety, which defines the mineral species as saponite. For
stevensite, which is considered Al-free (Pozo & Calvo, 2018) the values found for
aluminum in the samples, would extrapolate the values behaved by the structure
of the mineral, which is characterized not by the isomorphic substitutions of Si4*
and AI**, as in the case of saponite, but by the presence of vacancies in the
octahedral site. In the graph (Fig. 5-b and c) it is possible to observe that for
saponite there is a large variation of Al** occupancy in two distinct groups, being
(1) of high interlayer charge and aluminum in both the tetrahedral and octahedral
sites (Al iv 0.03-0.5; Al vi 0.03-0.57). and another (2) of lower interlayer charge
and aluminum mainly restricted to the tetrahedral site (Al iv 0.14-0.37).
Microanalysis for the 7 selected samples resulted in an ideal formula for saponite
as Ko.01-0.09 Cao.04-0.1 Na0.02-0.9 (Mg2.5-2.9 Alo.14-0.31 F€0.01-0.04) (Si3.65-3.92 Alo.35-0.08) O10
(OH, F)2. Two distinct saponites occur in the samples, being (1) type | (Steudel
et al., 2017 apud Koster et al., 1993) which is characterized by the substitution of
Si** by AR in the tetrahedral site and free of aluminum in the octahedral and (2)
type Il (Moore & Reynolds, 1997) which has aluminum in the tetrahedral and
octahedral site in addition to a positive octahedral charge.

Kerolite (turbiditic hydrated talc) is characterized by the absence of isomorphic
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exchange and consequently low interlayer charge <0.1 p.f.u. (Fig. 5-d). For this
mineral phase the calculated chemical formula was Mgz2.86 (Sis.04) O10 (OH, F)2.
An excess of tetrahedral silicium occurs. The small amount of Na*, K* and Ca?*
ions may occur as trace impurities (Brindley et al, 1977) or as exchangeable
cations (Brindley et al., 1977 apud Maksimovic, 1966). The chemical formula
calculated for kerolite in the worked samples coincides with that described by Da
Silva (2021) also for samples from the Santos basin. Pozo and Calvo (2018)
indicate an ideal geochemical pathway for the formation of kerolite. The authors
attribute the authigenesis of this mineral by neoformation in lacustrine
environment, enriched in Mg?*, OH- ions and with Si(OH)" input from groundwater.
In the experiments, the authors (Pozo & Calvo, 2018) defined 3 favorable
conditions for kerolite precipitation being (1) at high Mg/Si ratio, high salinity and
pH < 9 (2) at high Mg/Si ratio, low salinity and pH =9 or (3) at low Mg/Si ratio and
low salinity and pH = 9.

For the kerolite/smectite interstratified samples the ideal formula was calculated
Ko.01-0.05 Nao.0s-0.02 Ca0.03-0.06 (M2.61-3.15 Al0.06-0.27 F€0.01-0.04) (Si3.72-4.06 Alo-0.27) O10
(OH,F)2. The contents of magnesium, tetrahedral aluminum, octahedral
aluminum and silicon vary significantly due to the different types of K/S interlayers
found in the samples. Overall, they have interlayer charge of 0.1-0.2 (p.f.u) also
varying according to the smectitic or kerolitic terms for the interlayers (Figure 5-
d). It is possible to infer which smectite composes the interlayer by analyzing the
mechanism of layer charge generation in the mineral. According to Eberl et al.
(1982) if the source of the charge in trioctahedral smectite is created mostly in
the tetrahedral sheet by the substitution of AI®* by Si**, the smectitic term is
saponite. If the source of the layer charge is at the octahedral site the smectite is
defined as stevensite or hectorite, depending on the Li* content. For the interlayer
samples analyzed in this work the first case occurs. Therefore, the smectite term
of the K/S interlayer is saponite.

Eberl (1982) discusses the possibility of there being a continuous series based
on charge deficiencies between talc, kerolite and stevensite for the genesis of the

kerolite/stevensite interstratifieds.
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Table 2. Average values (Md) in oxide wt% of mineral chemistry for the Mg-clays present in the samples from the Santos basin, in the study area.

2270 2442 2755 3100 3300 3440 4590
Sample# kerolite KIS saponite KIS saponite KIS saponite KIS saponite KIS saponite KIS saponite
(n =66) (n=25) (n=44) (n=32) (n=15) (n =100) (n=54) (n=15) (n=8) (n=21) (n=31) (n=13) (n=6)
SiO, 60.35 56.03 51.90 59.73 54.50 56.27 53.73 54.06 50.49 53.20 49.94 50.83 49.65
(0.92) (1.58) (2.79) (2.24) (1.72) (1.26) (1.53) (1.45) (1.67) (1.58) (1.57) (1.03) (1.06)
AlLO; 0.42 1.45 3.45 0.84 1.72 1.42 2.27 1.45 2.99 3.07 3.24 2.66 3.13
(0.09) (0.38) (1.33) (0.30) (0.25) (0.21) (0.44) (0.33) (1.02) (0.69) (0.54) (0.43) (0.52)
Tetrahedral 4.00 4.00 4.00 4.05 4.00 4.00 4.00 4.00 4.00 4.00 3.94 4.00 4.00
occupatlon
MgO 28.80 25.73 25.21 25.95 25.36 26.02 24.87 25.27 23.31 25.28 28.17 25.41 26.27
(0.48) (1.31) (1.43) (1.49) (1.21) (0.93) (0.98) (0.78) (1.07) (1.41) (0.96) (0.50) (0.76)
TiO, 0.02 0.04 0.03 0.03 0.04 0.04 0.03 0.06 0.12 0.04 0.04 0.04 0.05
(0.04) (0.01) (0.03) (0.01) (0.02) (0.04) (0.03) (0.02) (0.09) (0.02) (0.01) (0.01) (0.01)
FeO 0.22 0.49 0.74 0.28 0.32 0.35 0.41 0.53 0.76 0.75 0.74 0.67 0.79
(0.15) (0.07) (0.16) (0.03) (0.03) (0.08) (0.08) (0.05) (0.07) (0.14) (0.09) (0.09) (0.55)
MnO 0.00 0.02 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.00)
Octahedral 2.89 2.83 2.83 2.71 2.81 2.82 2.79 2.81 2.71 2.88 3.12 2.91 2.99
occupatlon
K-O 0.28 0.36 0.52 0.24 0.20 0.35 0.47 0.51 0.53 0.18 0.20 0.52 0.55
(0.06) (0.07) (0.18) (0.02) (0.02) 0.07) (0.12) (0.11) (0.40) (0.13) (0.05) (0.06) (0.05)
CaO 0.13 0.70 1.17 0.46 0.75 0.87 1.40 0.72 1.48 0.54 0.52 0.73 0.72
(0.06) (0.18) (0.38) (0.14) (0.09) (0.21) (0.26) (0.35) (0.64) (0.05) (0.07) (0.09) (0.08)
Na,O 0.30 0.25 0.32 0.39 0.56 0.19 0.19 0.53 0.67 0.57 0.52 0.37 0.32
(0.05) (0.08) (0.11) (0.09) 0.12) (0.04) (0.05) (0.15) (0.11) (0.08) (0.09) (0.70) (0.05)
F 0.46 0.49 0.50 0.62 0.71 0.62 0.66 0.72 0.63 0.52 0.43 0.43 0.37
(0.12) (0.13) (0.16) (0.14) (0.18) (0.14) (0.17) (0.15) (0.15) (0.13) (0.10) (0.12) (0.13)
Total 90.83 84.68 83.74 88.72 84.28 86.04 83.81 84.27 81.93 84.07 83.71 81.66 81.46
Al iv* 0.000 0.035 0.215 0.000 0.076 0.045 0.111 0.078 0.180 0.157 0.280 0.197 0.277
Al vi* 0.033 0.085 0.082 0.067 0.070 0.072 0.083 0.046 0.086 0.104 0.000 0.037 0.000
INtC** 0.081 0.174 0.275 0.138 0.212 0.187 0.288 0.234 0.389 0.180 0.174 0.220 0.214

Data obtained by electron microprobe in spot analysis. Values for tetrahedral and octahedral Al in columns "Al iv" and "Al vi" respectively. IntC** = interlayer
charge. Standard deviation (o = in parentheses below the value).
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Mg2.85Sia010(OH)2X* 0.3 nH20 + 0.15Mg?*

< MgsSis0i0(OH)2 + 0.30X* + nH20.

The above expression indicates an ideal condition of transformation of stevensite
layers to talc layers (Eberl, 1982) and suggests that the expansion potential can be
expressed as a reflection of the Mg?*/alkali ratio in the solution and/or the water activity.
Thus, the limited and punctual occurrence of kerolite in the studied

samples may indicate the transformation of this phase into stevensite. For the
replacement of stevensite to saponite, in this context, the availability of aluminum is
the key factor. This condition causes the interlayer charge to increase and modify the

expansion potential of the mineral structure.

CEEIOn OO

0.26
@ saponite 2

Al iv

T 1
05 06

Al vi

04

034

0.2+

0.1

0.0

a saponite’ | |y Interlayer ;
M + saponite? 05— charge
o -+ kerolite 0.50
i 1
Kis el saponite
= talc
04 04 0.3
N "-m-sn‘eﬁ . ; 024
08 VAN }
\ \ X 0.2 0.1
i 0.0
08 N
4si 02 0.3 0.4 05 06 07 08 0o 3R2 B‘O 0‘1 D!Q D!S DI4 0‘5 0‘6
Aliv
C Interlayer : d Interlayer
charge* s charge*

0.41
@ kerolite

Kis

T
0.0

T
a1

T T
03 04
Aliv

T 1
08 06

Figure 5. Point analysis data by EMPA for the magnesian clay minerals of S1 (saponitet,
saponite?, kerolite and insterstratified kerolite/saponite). (a) Data plotted on 4Si-3R?*-M* ternary
diagram from Meunier et al. (1991). (b) Plot of the occupancy ratio of Al®* on tetrahedral and
octahedral sites in saponite!. (c) Plot of the occupancy ratio of Al** on tetrahedral and octahedral
sites in saponite?; (d) Plot of the occupancy ratio of Al®* on tetrahedral and octahedral sites in
kerolite (purple) and interstratified kerolite/saponite (orange). Values per structural formula. The
interlayer charge is represented by the size of the circles and the number below represents the

maximum value obtained for the group.

Rare Earth Elements and Traces Elements Analysis. For the Rare Earth Elements
analyzed by ICP-MS, for 6 samples, the values obtained in ppb are expressed in Table
3 and range from 1476.84 to 24447.47 ppb total REE among the samples. Samples
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3755 and 3995 are the most enriched in total REE, amounting to 15271 ppm and 24447
ppm respectively. The results were normalized to chondrite (Evensen et. al, 1978) and
used to analyze the ratios for REE fractionation and anomalies. All samples show a
trend of enrichment in light REE and depletion of heavy ones. The fractionation value
for both Lan/Ybn and (ZLREEN)/(ZHREEN) ratios are quite positive indicating higher
LREE concentration, especially for sample 2910. In the same sample there is a
significant positive Eu anomaly (Fig. 6) given by the Eun/SmnGdn ratio with a value of
14.22. The other samples present negative Eu anomaly with values between 0.88-
0.93.

Table 3. Rare Earth Element contents analyzed for 6 samples by ICP-MS.

REE Samples #
2442 2910 2930 3755 3995 4060
La 1.375 0.430 0.688 7.252 11.126 2.703
Ce 1.418 0.442 0.757 6.300 10.278 2.567
Pr 1.488 0.404 0.758 5.535 9.398 2.526
Nd 1.265 0.354 0.654 4.326 7.374 2.056
Sm 0.883 0.323 0.470 2.597 4.238 1.311
Eu 0.692 4.291 0.380 2.170 3.493 1.137
Gd 0.688 0.280 0.355 2.209 3.654 1.131
Tb 0.634 0.000 0.325 1.628 2.440 0.906
Dy 0.544 0.145 0.260 1.247 1.729 0.738
Ho 0.000 0.000 0.250 1.181 1.445 0.726
Er 0.524 0.000 0.218 1.162 1.398 0.695
Tm 0.000 0.000 0.000 1.112 1.173 0.000
Yb 0.418 0.000 0.152 0.982 0.992 0.561
Lu 0.000 0.000 0.000 1.039 0.974 0.000
Total 9.929 6.669 5.267 38.739 59.713 17.055

Values obtained normalized to Evensen chondrite (1978).

Studies on primary minerals (Condie et al., 1995; Walter, 1991) indicate that feldspars
contain a low REE content except for Eu, which shows a systematic positive anomaly.
This is due to the ease of replacement of Eu?* by Ca?*, Sr>* and Na* in the mineral
structure (Panabhi et al., 2000). Thus, the dissolution of feldspars in the sampled rocks
can generate an availability of Eu?* in the system. By adsorption mechanisms the clay
minerals can then incorporate the Eu ratios and record the dissolution event of the

detrital constituents.
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Figure 6. Distribution of Rare Earth Element concentrations in samples arranged in log
(10). Normalized values for Evensen chondrite (1978). Sample 2910 with high positive
for Eu anomaly.

according to several authors (Spirn, 1966; Balashov & Girin, 1969; Roaldset, 1973) the
main way of REE retention by clay minerals tends to be by adsorption on the mineral
surface. Balashov & Girin (1969) indicate that 20-95% of REE in clay sediments occur
by this mechanism. LREE can also replace cations of similar ionic radius such as Ca?*,
Na* and K* which are common in the interlayer position (M* site) or by other ions
present in lower concentrations such as Ba?*, Cs* and Rb*.

HREE depletion may indicate the formation and/or presence of inorganic, but mainly
strong organic complexes that assimilate these elements to the detriment of LREE
(Aagaard, 1974), as occurs in coals and peats (Schofield & Haskin, 1964).

The trace elements analyzed were Ti, Mn, Ni, Co, Cu, Zn, As, Rb, Sr, Ba, Pb, U and
their values are shown in Table 4. For the 6 samples the behavior of the trace elements
is very similar except for the elements Rb, Sr and Ba. Samples 2910 and 2930 are the
only ones to record a significant enrichment in Ba and Sr and a reduction in Rb content
(Fig. 7). This enrichment may also be linked to the adsorption of these elements made
available to the environment by the dissolution of other constituents such as Ba sulfate

(baryte) among others.
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Figure 7. Concentration distribution of the main Trace Elements and Medium Rare Earth
Elements (Sm, Eu). Sample 2910 showing the same enrichment trend in Ba, Sr, U and
Eu and depletion trend in Rb, Nd and Sm.

Genesis and transformations modeling

The majority occurrence of saponite indicates a probable fluvial influence of ionic input
and sediments enriched in Al+3, K+, Fe3+ and Ti4+, such as feldspars, to the alkaline
lacustrine system that originated the rocks of the Barra Velha Formation in the study
portion of the Santos Basin. The ionic input associated with the reduction of pH, the
high Mg/Si ratio and the advance of diagenesis may have been responsible for the
authigenesis of saponite, through gels enriched in Al3+ and/or the transformation of
stevensitic mineral phases into saponitic ones (Fig. 8). Feldspars, in this context, can
be dissolved by lowering the pH of the medium and by the interaction of the mineral
with organic H+ coming from organic compounds. The fluid acts as a catalyst for the

dissolution process, accelerating it (Yuan et al. 2019).
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Figure 8. Sequence and geochemical conditions model for genesis and transformations
of Santos Basin magnesian clay mineral associations in the study area.

In a few samples from the top of the drill core stevensite occurs as smectite phase.
This occurrence may represent a period with less detrital influx influence in the basin.
Another possibility is that those samples are located at the top of the drill core and the
effect of the diagenesis fluids may have been less than in the deeper and older

samples, making it unfeasible to transform stevensite into saponite.
Conclusion

The most common association of magnesian clay minerals found among the samples
studied for core sample S1 was saponite + two kerolite-smectite interstratifieds (RO
K(0.2)/S e RO K(0.7-0.8)/S).

Da Silva et al. (2021), describes for a drill core also in the Santos Basin the majority
occurrence of Al-free magnesian clay minerals, with stevensite-type smectite and
kerolite-stevensite interstratified, in addition to an expressive amount of kerolite. Unlike
the author, in the samples presented in this work, the magnesian clay mineral phases
are predominantly the result of the excessive availability of AlI** generated by the
dissolution of the detrital constituents, with smectites of types saponites | and Il and
interstratified composed of irregular stackings of kerolite and saponite in their majority.

The occurrence of pure kerolite and stevensite are mineral phases restricted to few
samples.
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As expected, the clay minerals were high in REE, but showed positive fractionation,
being enriched in LREE and depleted in HREE. All samples have negative europium
anomaly, except for sample 2910, where the anomaly value is excessively high. The
same sample has a high content of Ba and Sr. These values occur due to a favorable
condition for the expressive dissolution of feldspars, and possibly baryte, enriched in
these elements, which are adsorbed or incorporated in the interlayer position, mainly,

by saponite.
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9.1. Analise de Difratometria de raios X para argilominerais em fragdes granulométricas até 0.5 ym (analises glicolada)
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9.2. Difratogramas de raios X experimentais da fracdo menor que 0.5 um com modelamento de curva tedrica por
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9.3. Dissolucéao de calcita para a analises de ETR e Elementos tracos

(ex.)

2270
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9.4. Tabela de Elementos traco — ICMP-MS
Analyte

blan
ppb  BLC 2442 2910 2930 3755 3995 4060
Ti47  0.11 1465014.59 758831.47 1524453.67 2109275.10 3019556.68 1403835.51 0.20
Mn55 2.78  61355.53  68161.23  84891.23  68632.41 90613.87 57424.10 0.13
Ni60 0.14  5950.42  4259.05 691420 12302.40 1440679  7848.43 0.00
Co59 0.03  2503.86  1747.87 372848 551172 619423  2935.44 0.02
Cu63 025  6251.28 15681.03  8707.64 10627.56  10787.70  9671.49 0.09
Zn66 1.07  23835.11  43143.57 34688.98 37759.83  43846.76  60562.68 0.09
As75 0.30 397.81 233694  2008.19  1492.12 716.86 441.86 0.09
Rb85 0.09 18553.27  8047.94  4342.02 18484.04 5598134  16469.34 0.05
Sr84  3.42 44971.58 148152.09 125450.37 49143.40 87767.36 51064.43 1.59
Bal38 2.66  64254.75 3875613.63 195249.82 5814331 106744.09  52498.47 0.27
Pb208 0.03 285152 22567.41  2270.12  2481.80 299272  2910.72 0.01
U238 0.00 468.01  22588.97 112090  1001.85 902.45 516.02  0.00




9.5. Tabela de ETR — ICPMS

Samples
REE# (ppb)
2442 2910 2930 3755 3995 4060

La 1.375 0.430 0.688 7.252 11.126 2.703

Ce 1418 0442 0757 6300 10.278  2.567

Pr 1.488 0.404 0758 5535 9398  2.526

Nd 1.265 0354 0654 4326 7374  2.056

Sm 0.883 0.323 0.470 2.597 4.238 1.311

Eu 0.692 4291 0380 2.170  3.493  1.137

Gd 0.688 0.280 0355 2209  3.654  1.131

Tb 0.634 0.000 0.325 1.628  2.440  0.906

Dy 0.544 0.145 0.260 1.247 1.729 0.738

Ho 0.000 0.000 0.250 1.181  1.445  0.726

Er 0.524 0.000 0.218 1.162 1.398 0.695

Tm 0.000 0.000 0.000 1.112  1.173  0.000

Yb 0.418 0.000 0.152 0982  0.992  0.561

Lu 0.000 0.000 0.000 1.039  0.974  0.000
9.6. Tabela de pontos de Microssonda Eletronica para

interestratificados kerolita/saponita

Ponto MgO |AI203 |Si02 |K20 [CaO |TiO2 |Na20 |[FeO |MnO |F Total
16/1. | 28.75| 1.89| 52.20| 0.24| 0.81| 0.03| 0.16| 0.35| 0.01| 0.25| 84.58
17/1. | 28.64| 1.89] 48.09| 0.24| 0.85| 0.12| 0.14| 0.33| 0.00| 0.23| 80.43
18/1. | 26.,51| 3.06| 50.45| 1.19| 0.81| 0.32| 0.12| 1.82| 0.02| 0.44| 84.55
22/1. | 24.86] 1.09] 56.93| 0.37| 0.38| 0.03| 0.28| 0.45| 0.00| 0.49| 84.68
23/1. | 24.03| 1.08] 56.38| 0.32| 0.38| 0.07| 0.19]| 0.41| 0.04| 0.53| 83.20
24/1. | 24.99| 1.16| 56.03| 0.34| 0.42| 0.05| 0.29]| 0.43| 0.06| 0.59]| 84.11
25/1. | 26.26| 1.26| 56.87| 0.41| 0.33| 0.04| 0.46| 0.44| 0.00| 0.34| 86.28
26/1. | 27.17| 1.03| 56.77| 0.33| 0.34| 0.05| 0.33| 0.43| 0.01| 0.73| 86.88
27/1. | 27.17| 1.09| 57.58| 0.36| 0.38| 0.05| 0.43| 0.41| 0.04| 0.40| 87.75
28/1. | 26.49| 1.79| 55.91| 0.47| 0.44| 0.06| 0.44| 0.54| 0.02| 0.66| 86.56
55/1. | 26.89| 1.35| 57.19| 0.37| 0.67| 0.04| 0.25| 0.47| 0.00| 0.53| 87.53
56/1. | 26.44| 1.45| 55.86| 0.35| 0.70| 0.06| 0.17| 0.47| 0.00| 0.67 | 85.88
57/1. | 26.75| 1.51| 56.69| 0.41| 0.70| 0.02| 0.28| 0.49| 0.03| 0.38] 87.11
63/1. | 22.96| 2.64| 52.36| 0.43| 0.95| 0.02| 0.21]| 0.59| 0.00| 0.19| 80.28
68/1. | 25.73| 1.43| 54.10| 0.36| 0.69| 0.04| 0.20| 0.55| 0.02| 0.28| 83.29
69/1. | 24.99| 1.68| 54.52| 0.36| 0.76| 0.03| 0.23| 0.63| 0.01| 0.48]| 83.49
70/1. | 26.69| 1.23| 57.09| 0.31| 0.73| 0.06| 0.21| 0.49| 0.01| 0.62| 87.17
71/1. | 27.06| 1.21| 57.79| 0.32| 0.74| 0.04| 0.29| 0.47| 0.04| 0.67 | 88.36
72/1. | 25.28| 1.64| 55.13| 0.48| 0.80| 0.04| 0.16| 0.51| 0.06| 0.75| 84.55
74/1. | 23.40| 2.21| 53.41| 0.29]| 0.84| 0.04| 0.14| 0.64| 0.05| 0.49| 81.31
88/1. | 26.85| 1.54| 56.99| 0.46| 0.82| 0.04| 0.15| 0.60| 0.03| 0.51| 87.77
89/1. | 26.11| 1.61| 56.17| 0.54| 0.76| 0.04| 0.25| 0.60| 0.02| 0.45| 86.37
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92/1. 24.18 1.05| 53.75| 0.28| 0.57| 0.05| 0.12| 0.38| 0.02| 0.44| 80.66
93/1. 25.28 1.12| 52.97| 0.34| 0.52| 0.05| 0.30| 0.42| 0.01| 0.50| 81.30
103/1.| 25.61 1.51| 54.22| 0.36| 0.61| 0.03| 0.32| 0.45| 0.02| 0.51| 83.41
104/1.| 24.52 1.89| 53.42| 0.57| 0.80| 0.04| 0.29| 0.59| 0.01| 0.47| 82.41
106 /1. | 23.36 1.83| 55.36| 0.45| 0.79| 0.03| 0.24| 0.58| 0.05| 0.44| 82.95
107 /1. | 27.64 1.80| 57.60| 0.44| 0.75| 0.03| 0.28| 0.57| 0.00| 0.34| 89.31
1/1. 2535| 0.78| 56.49| 0.21| 0.44| 0.05| 0.36| 0.27| 0.02| 0.60| 84.32
2/1. 27.55| 0.90]| 61.19| 0.27| 0.43| 0.05| 0.44| 0.28| 0.00| 0.86| 91.61
3/1. 27.78| 0.80| 61.61| 0.25| 0.41| 0.05| 0.42| 0.28| 0.00| 0.68| 91.99
4/1. 26.89| 0.84| 61.45| 0.24| 0.38| 0.01| 0.39| 0.29| 0.00| 0.80| 90.95
5/1. 27.43| 0.81| 61.34| 0.24| 0.37| 0.04| 0.44| 0.34| 0.01| 0.49| 91.30
6/1. 27.07| 0.88| 61.68| 0.25| 0.36| 0.04| 0.42| 0.28| 0.03| 0.57| 91.34
7/1. 27.41| 0.82| 59.89| 0.21| 0.36| 0.03| 0.39| 0.27| 0.03| 0.52| 89.71
8/1. 27.53| 0.89| 60.96| 0.28| 0.41| 0.03| 0.37| 0.27| 0.01| 0.61| 91.10
9/1. 2496| 0.81| 61.23| 0.24| 0.49| 0.03| 0.31| 0.30| 0.01| 0.59| 88.72
10/1. 24.31| 0.83| 61.84| 0.25| 0.49| 0.05| 0.33| 0.29| 0.01| 0.60| 88.75
11/1. 25.78| 0.77| 62.35| 0.24| 0.47| 0.07| 0.39| 0.29| 0.00| 0.65| 90.74
12/1. 25.81| 0.77| 62.32| 0.24| 0.39| 0.06| 0.34| 0.25| 0.02| 0.46| 90.47
13/1. 25.79| 0.72| 62.00| 0.26| 0.39| 0.03| 0.42| 0.27| 0.00| 0.71| 90.29
14 /1. 27.17| 0.87| 60.05| 0.26| 0.46| 0.03| 0.44| 0.23| 0.00| 0.53 | 89.82
15/1. 26.08| 0.76| 62.49| 0.26| 0.42| 0.05| 0.43| 0.26| 0.00| 0.41| 90.99
16/1. 27.67| 0.86| 60.44| 0.24| 0.28| 0.08| 0.39| 0.27| 0.03| 0.57| 90.59
18/1. 23.64 1.53| 56.58| 0.19| 0.72| 0.01| 0.63| 0.34| 0.00| 0.57| 83.97
20/1. 23.68 1.49| 55.44| 0.19| 0.67| 0.04| 0.70| 0.33| 0.00| 0.73| 82.96
21/1. 23.67 1.54| 57.32| 0.21| 0.74| 0.05| 0.60| 0.37| 0.00| 1.00| 85.08
24 /1. 23.29 1.24| 56.37| 0.20| 0.62| 0.03| 0.54| 0.25| 0.01| 0.80| 83.01
25/1. 24.60 1.49| 56.73| 0.18| 0.67| 0.01| 0.46| 0.34| 0.00| 0.45| 84.74
26/1. 23.03 1.44| 55.05| 0.20| 0.70| 0.03| 0.63| 0.33| 0.00| 0.56| 81.73
38/1. 23.38 1.88| 56.20| 0.22| 0.88| 0.03| 0.51| 0.33| 0.00| 0.61| 83.78
40/1. 23.81 1.34| 57.49| 0.19| 0.74| 0.03| 0.46| 0.30| 0.01| 0.91| 84.90
53/1. 26.52| 0.79] 59.69| 0.25| 0.46| 0.04| 0.33| 0.26| 0.02| 0.62| 88.72
54/1. 26.98| 0.85| 59.44| 0.27| 0.43| 0.05| 0.36| 0.27| 0.00| 0.65| 89.03
56/1. 26.89| 0.84| 58.81| 0.26| 0.45| 0.03| 0.36| 0.23| 0.00| 0.69| 88.27
57/1. 26.97| 0.82| 58.97| 0.25| 0.47| 0.01| 0.28| 0.25| 0.02| 0.65| 88.42
58/1. 2640 0.79| 59.71| 0.27| 0.47| 0.03| 0.36| 0.27| 0.03| 0.53| 88.64
59/1. 26.22| 0.79| 59.74| 0.28| 0.50| 0.04| 0.36| 0.27| 0.00| 0.76 | 88.64
62/1. 24.74| 0.85| 57.23| 0.24| 0.35| 0.03| 0.33| 0.24| 0.01| 0.68| 84.41
63/1. 25.15| 0.82| 58.00| 0.25| 0.36| 0.03| 0.34| 0.28| 0.05| 0.95| 85.83
109/1.| 26.67 1.56| 56.58| 0.33| 0.85| 0.05| 0.19| 0.39| 0.00| 0.34| 86.82
110/1. | 24.87 1.74| 55.09| 0.33| 0.90| 0.04| 0.20| 0.41| 0.03| 0.52| 83.91
111/1.| 26.72 1.56| 55.61| 0.28| 0.75| 0.03| 0.26| 0.41| 0.00| 0.85| 86.09
112 /1. | 26.74 1.64| 57.04| 0.32| 0.72| 0.05| 0.22| 0.40| 0.00| 0.60| 87.48
113 /1. | 26.46 1.34| 55.57| 0.34| 0.67| 0.03| 0.21| 0.36| 0.00| 0.56| 85.28
117 /1. | 26.20 1.65| 55.44| 0.39| 0.80| 0.06| 0.19| 0.37| 0.01| 0.62| 85.46
134/1.| 25.31 1.59| 55.64| 0.29| 0.82| 0.04| 0.09| 0.36| 0.03| 0.69| 84.57
135/1.| 26.72 1.44| 56.70| 0.37| 0.75| 0.05| 0.14| 0.36| 0.00| 0.66| 86.90
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138 /1. | 26.09 1.42| 57.17| 0.33| 0.74| 0.04| 0.08| 0.35| 0.03| 0.65| 86.64
139/1.| 25.41 1.77| 54.37| 0.37| 0.76| 0.05| 0.19| 0.37| 0.01| 0.46| 83.56
140/1.| 24.52 1.77| 54.02| 0.37| 0.84| 0.02| 0.17| 0.41| 0.00| 0.44| 82.39
163/1.| 26.53 1.33| 57.33| 0.34| 0.85| 0.05| 0.19| 0.37| 0.00| 0.50| 87.28
167 /1. | 25.80 1.55| 55.27| 0.35| 0.98| 0.03| 0.18| 0.36| 0.00| 0.65| 84.89
168 /1. | 25.79 1.58| 56.93| 0.35| 0.86| 0.15| 0.13| 0.37| 0.00| 0.65| 86.55
169/1. | 26.84 1.28| 56.64| 0.29| 0.75| 0.00| 0.22| 0.38| 0.01| 0.64| 86.78
170/1.| 26.11 1.81| 56.84| 0.44| 0.98| 0.04| 0.15| 0.37| 0.02| 0.65| 87.13
171/1.| 26.84 1.43] 56.91| 0.38| 0.74| 0.04| 0.24| 0.32| 0.05| 0.67| 87.34
172 /1. | 25.42 1.62| 5491| 0.33| 0.84| 0.04| 0.16| 0.38| 0.00| 0.59| 84.03
173 /1. | 26.69 1.40| 57.33| 0.34| 0.78| 0.03| 0.22| 0.34| 0.00| 0.28| 87.29
174 /1. | 26.27 1.56| 56.13| 0.42| 0.88| 0.06| 0.20| 0.37| 0.03| 0.60| 86.27
175/1.| 26.29 1.32| 57.00| 0.32| 0.81| 0.05| 0.19| 0.37| 0.06| 0.72| 86.82
176 /1. | 25.71 1.72| 58.12| 0.44| 0.80| 0.04| 0.17| 0.62| 0.00| 0.68| 88.01
177/1.| 27.10 1.26| 57.70| 0.33| 0.80| 0.05| 0.21| 0.35| 0.00| 0.66| 88.18
178 /1. | 26.01 1.29| 57.54| 0.36| 0.77| 0.04| 0.08| 0.35| 0.00| 0.68| 86.84
179/1.| 25.95 1.44| 56.02| 0.38| 0.82| 0.04| 0.17| 0.41| 0.01| 0.34| 85.44
180/1.| 24.18 1.75| 54.60| 0.37| 1.17| 0.00| 0.17| 0.36| 0.00| 0.47| 82.87
181/1.| 25.96 1.66| 56.43| 0.39| 1.06| 0.01| 0.21| 0.39| 0.00| 0.51| 86.41
185/1. | 26.96 1.45| 57.29| 0.40| 1.24| 0.02| 0.26| 0.36| 0.02| 0.53| 88.30
186/1. | 24.90 1.62| 56.13| 0.39| 1.37| 0.05| 0.15| 0.33| 0.01| 0.27| 85.10
190/1.| 25.39 1.40| 56.14| 0.34| 1.22| 0.03| 0.17| 0.33| 0.00| 0.60| 85.35
192 /1. | 26.43 1.33| 59.17| 0.30| 0.90| 0.05| 0.12| 0.41| 0.02| 0.69| 89.11
193 /1. | 25.84 1.84| 55.80| 0.63| 1.04| 0.06| 0.21| 0.56| 0.00| 0.56| 86.29
194 /1. | 24.78 1.36| 54.02| 0.29| 0.86| 0.02| 0.13| 0.31| 0.01| 0.79| 82.25
195/1.| 26.46 1.60| 56.32| 0.37| 1.07| 0.05| 0.19| 0.33| 0.01| 0.84| 86.89
202/1.| 26.25| 0.88| 56.16| 0.25| 0.80| 0.05| 0.15| 0.30| 0.07| 0.44| 85.16
206/1. | 25.43 1.72| 55.40| 0.35| 1.05| 0.05| 0.09| 0.43| 0.02| 0.53| 84.83
211/1. | 25.43 1.46| 54.91| 0.36| 1.24| 0.02| 0.21| 0.38| 0.01| 0.81| 84.49
213 /1. | 26.56 1.39| 57.63| 0.32| 0.84| 0.05| 0.21| 0.33| 0.03| 0.73| 87.78
214 /1. | 24.90 1.72| 55.50| 0.35| 0.93| 0.00| 0.14| 0.33| 0.00| 0.59| 84.23
215/1. | 26.86 1.35| 57.25| 0.33| 0.80| 0.03| 0.17| 0.33| 0.02| 0.37| 87.36
216 /1. | 26.15 1.39| 57.78| 0.32| 1.00| 0.02| 0.16| 0.38| 0.00| 0.66| 87.57
217 /1. | 26.20 1.38| 57.72| 0.35| 0.95| 0.03| 0.13| 0.36| 0.00| 0.53| 87.42
218 /1. | 26.46 1.32| 58.23| 0.34| 1.06| 0.00| 0.13] 0.37| 0.00| 0.75| 88.36
219/1. | 26.33 1.49| 56.98| 0.37| 1.04| 0.01| 0.19| 0.36| 0.00| 0.60| 87.13
220/1. | 23.91 1.69| 54.14| 0.42| 1.39| 0.03| 0.19| 0.35| 0.02| 0.66| 82.53
221/1. | 26.27 1.37| 57.57| 0.43| 1.12| 0.02| 0.23| 0.34| 0.01| 0.63| 87.73
222 /1. | 24.88 1.26| 54.70| 0.56| 0.75| 0.04| 0.17| 0.34| 0.00| 0.27| 82.87
223 /1. | 26.56 1.25] 55.70| 0.40| 0.86| 0.28| 0.28| 0.38| 0.00| 0.47| 85.97
224 /1. | 23.10 1.74| 54.77| 0.47| 1.18| 0.02| 0.18| 0.34| 0.03| 0.68| 82.23
225/1.| 23.36 1.72| 55.11| 0.43| 1.15| 0.00( 0.14| 0.41| 0.00| 0.69| 82.71
226 /1. | 25.12 1.61| 55.25| 0.35| 1.19| 0.04| 0.21| 0.32| 0.05| 0.37| 84.37
227 /1. 26.71 1.60| 56.22| 0.37| 1.02| 0.04| 0.20| 0.40| 0.01| 0.66| 86.96
228 /1. | 23.32 1.71| 54.62| 0.35| 1.22| 0.03| 0.18| 0.35| 0.03| 0.50| 82.11
229 /1. | 26.34 1.55| 55.94| 0.36| 0.93| 0.04| 0.21| 0.36| 0.00| 0.72| 86.15
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230/1. | 25.42 1.54| 55.80| 0.35| 0.99| 0.05| 0.15| 0.33| 0.00| 0.65| 85.00
231/1.| 27.91| 0.96| 58.50| 0.25| 0.87| 0.01| 0.15| 0.35| 0.04| 0.69| 89.43
232 /1. | 25.34 1.52| 55.15| 0.26| 1.25| 0.02| 0.16| 0.33| 0.02| 0.53| 84.36
233 /1. | 27.09 1.28| 59.34| 0.29| 1.44| 0.03| 0.20| 0.33| 0.00| 0.74| 90.44
235/1.| 25.28 1.06| 54.84| 0.29| 1.13| 0.02| 0.21]| 0.35| 0.00| 0.68| 83.58
236/1. | 24.30 1.41| 55.65| 0.31| 0.85| 0.05| 0.10| 0.35| 0.01| 1.03| 83.63
237 /1. | 2491 1.55| 54.87| 0.39| 0.90| 0.04| 0.20| 0.36| 0.05| 0.57| 83.62
238 /1. | 25.03 1.46| 55.72| 0.29| 0.89| 0.06| 0.14| 0.33| 0.00| 0.49| 84.20
239/1.| 25.11 1.42| 55.31| 0.31| 0.89| 0.06| 0.26| 0.33| 0.00| 0.54| 84.01
240/1. | 24.70 1.70| 53.58| 0.47| 0.86| 0.05| 0.12| 0.44| 0.03| 0.50| 82.23
243 /1. | 27.16 1.12| 57.63| 0.36| 0.67| 0.03| 0.22| 0.33| 0.00| 0.59| 87.85
244 /1. | 26.15 1.19| 56.04| 0.27| 0.88| 0.04| 0.19| 0.35| 0.02| 0.57| 85.46
246 /1. | 24.26 1.31| 55.13| 0.30| 0.75| 0.03| 0.13]| 0.35| 0.00| 0.65| 82.64
247 /1. | 27.17 1.49| 57.32| 0.32| 0.82| 0.12| 0.23| 0.32| 0.00| 0.59| 88.13
248 /1. | 25.54 1.24| 56.64| 0.24| 0.64| 0.05| 0.08| 0.30| 0.04| 0.46| 85.03
249 /1. | 26.85 1.34| 56.66| 0.30| 0.71| 0.04| 0.21| 0.30| 0.00| 0.56| 86.74
250/1. | 26.04 1.15| 57.17| 0.31| 0.70| 0.03| 0.13| 0.36| 0.03| 0.78| 86.35
251/1.| 26.24 1.14| 56.66| 0.32| 0.61| 0.02| 0.23| 0.30| 0.00| 0.46| 85.78
252 /1. | 24.84 1.25| 53.98| 0.41| 0.67| 0.05| 0.16| 0.34| 0.05| 0.57| 82.09
253 /1. | 25.70 1.13| 54.49| 0.35| 0.61| 0.01| 0.17| 0.28| 0.00| 0.44| 82.99
254 /1. | 25.28 1.55| 55.64| 0.39| 0.69| 0.02| 0.16| 0.32| 0.00| 0.60| 84.40
255/1.| 26.50 1.22| 56.87| 0.32| 0.64| 0.04| 0.20| 0.26| 0.01| 0.47| 86.33
256 /1. | 24.45 1.25| 57.35| 0.26| 0.64| 0.04| 0.08| 0.30| 0.01| 0.46| 84.65
257 /1. | 26.04 1.22| 55.31| 0.40| 1.16| 0.04| 0.28| 0.33| 0.00| 0.53| 85.11
258 /1. | 25.47 1.26| 56.21| 0.38| 1.15| 0.05| 0.23| 0.31| 0.01| 0.71| 85.49
259 /1. | 26.04 1.28| 56.40| 0.42| 1.12| 0.03| 0.24| 0.30| 0.00| 0.87| 86.34
260/1. | 24.92 1.49| 55.32| 0.64| 1.23| 0.31| 0.21| 0.42| 0.02| 0.97| 85.12
263 /1. | 25.51 1.16| 54.58| 0.47| 1.15| 0.02| 0.25| 0.31| 0.00| 0.63| 83.83
267 /1. | 26.52 1.69| 56.35| 0.40| 1.06| 0.03| 0.21| 0.37| 0.03| 0.70| 87.06
271/1.| 26.39 1.21| 57.27| 0.37| 0.71| 0.05| 0.21| 0.29| 0.00| 0.57| 86.83
272 /1. | 26.42 1.14| 57.14| 0.27| 0.68| 0.06| 0.15| 0.35| 0.00| 0.79| 86.65
273 /1. | 26.90 1.29| 56.47| 0.30| 0.80| 0.04| 0.19| 0.53| 0.00| 0.50| 86.81
276 /1. | 27.29 1.01| 59.28 | 0.36| 0.49| 0.04| 0.15| 0.33| 0.00| 0.75| 89.40
277/1.| 27.84| 0.97| 58.68| 0.35| 0.43| 0.07| 0.25| 0.32| 0.00| 0.67| 89.30
278 /1. | 26.33 1.14| 57.49| 0.38| 0.59| 0.04| 0.18]| 0.29| 0.03| 0.89| 86.97
280/1. | 26.33 1.06| 57.96| 0.29| 0.57| 0.05| 0.15| 0.31| 0.03| 0.69| 87.15
281/1. | 27.29 1.17| 58.24| 0.34| 0.54| 0.06| 0.21| 0.27| 0.00| 0.59| 88.46
289/1.| 26.26 1.33| 56.91| 0.38| 0.88| 0.03| 0.18| 0.38| 0.00| 0.68| 86.75
290/1. | 25.24 1.45| 56.33| 0.40| 0.88| 0.05| 0.13]| 0.31| 0.00| 0.47| 85.07
291/1.| 25.79 1.38| 56.86| 0.66| 0.69| 0.07| 0.27| 0.99| 0.00| 0.63| 87.08
292 /1. | 25.62 1.33| 56.74| 0.46| 0.92| 0.03| 0.17| 0.36| 0.00| 0.66| 86.01
296 /1. | 25.77 1.39| 56.40| 0.32| 1.20| 0.04| 0.12| 0.34| 0.02| 0.77| 86.05
297 /1. | 25.72 1.68| 55.81| 0.51| 1.22| 0.06| 0.26| 0.46| 0.00| 0.53| 86.03
300/1. | 24.63 1.81| 55.70| 0.45| 1.29| 0.02| 0.12| 0.35| 0.00| 0.65| 84.75
302/1.| 25.23 1.49| 53.45| 0.34| 1.01| 0.03| 0.13| 0.31| 0.01| 0.87| 82.51
303/1. | 25.84 1.69| 55.68| 0.40| 1.10| 0.02| 0.27| 0.32| 0.00| 0.97| 85.89
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3/1. 24.04 1.45| 53.75| 0.35| 1.39| 0.07| 0.32| 0.48| 0.00| 0.48| 82.13
7/1. 25.27 1.80| 56.51| 0.39| 1.08| 0.03| 0.34| 0.60| 0.01| 0.98| 86.60
23/1. 24.62 1.14| 54.06| 0.52| 0.68| 0.04| 0.44| 0.55| 0.00| 0.54| 82.36
58/1. 23.09 2.11| 56.52| 0.25| 0.48| 0.03| 0.74| 0.67| 0.00| 0.80| 84.35
64/1. 23.59 1.65| 55.68| 0.60| 0.60| 0.06| 0.71| 0.53| 0.00| 0.71| 83.83
66/1. 25.31 1.54| 56.51| 0.51| 0.55| 0.05| 0.72| 0.52| 0.00| 0.78| 86.16
76 /1. 24.32 1.08| 52.19| 0.44| 0.51| 0.07| 0.86| 0.46| 0.01| 0.61| 80.29
102 /1. | 25.17 1.31| 53.98| 0.52| 1.49| 0.04| 0.43| 0.51| 0.08| 0.49| 83.81
103 /1. | 24.82 1.35] 53.18| 0.53| 0.77| 0.08| 0.40| 0.53| 0.00| 0.40| 81.89
113/1.| 25.47| 0.99| 56.22| 0.50| 0.72| 0.04| 0.59| 0.54| 0.00| 0.89| 85.59
114/1.| 25.55| 0.99| 55.11| 0.50| 0.55| 0.12| 0.53| 0.49| 0.00| 0.74| 84.27
115/1.| 25.58 1.04| 52.14| 0.44| 0.57| 0.05| 0.55| 0.48| 0.01| 0.81| 81.33
118 /1. | 25.34 1.56| 54.32| 0.56| 1.12| 0.06| 0.47| 0.54| 0.05| 0.66| 84.40
123 /1. | 25.81 1.73| 53.78| 0.78| 1.32| 0.07| 0.56| 0.65| 0.00| 0.77| 85.15
124 /1. | 25.53 1.75| 53.84| 0.61| 1.29| 0.06f 0.50| 0.52| 0.03| 0.72| 84.55
83/1. 27.74| 2.45| 54.09| 0.18| 0.53| 0.04| 0.42| 0.67| 0.04| 0.52| 86.46
88/1. 26.77 1.81| 52.60| 0.19| 0.42| 0.04| 0.49| 0.62| 0.00| 0.20| 83.06
90 /1. 26.05 2.40| 53.48| 0.27| 0.45| 0.05| 0.59| 0.68| 0.01| 0.28 | 84.14
107/1.| 27.30| 2.90| 53.20| 0.18| 0.54| 0.04| 0.55| 0.75| 0.01| 0.68| 85.86
110/1. | 27.29 3.07| 53.39| 0.19| 0.56| 0.03| 0.60| 0.76| 0.00| 0.33| 86.08
116 /1. | 26.22 3.79| 53.37| 0.35| 0.62| 0.09| 0.58| 0.92| 0.00| 0.52| 86.24
119/1.| 26.48 3.73| 50.07| 0.20| 0.61| 0.04| 0.66| 0.78| 0.01| 0.47| 82.85
132 /1. | 27.02 3.73| 50.89| 0.18| 0.66| 0.03| 0.67| 0.70| 0.02| 0.51| 84.20
133 /1. | 24.05 2.98| 52.46| 0.17| 0.54| 0.03| 0.68| 0.70| 0.01| 0.52| 81.92
134 /1. | 23.77 2.75| 52.47| 0.18| 0.57| 0.05| 0.73| 0.70| 0.02| 0.52| 81.54
135/1.| 23.72 2.79| 53.98| 0.18| 0.55| 0.05| 0.71| 0.75| 0.00| 0.74| 83.16
136/1.| 23.60| 3.87| 54.81| 0.34| 0.53| 0.07| 0.60| 0.98| 0.03| 0.70| 85.24
137/1.| 25.11 3.41| 54.02| 0.14| 0.53| 0.03| 0.55| 0.82| 0.01| 0.59| 84.96
138/1.| 24.86| 2.27| 54.78| 0.16| 0.47| 0.05| 0.49| 0.62| 0.00| 0.64| 84.07
142 /1. | 25.14| 3.42| 52.84| 0.15| 0.54| 0.02| 0.48| 0.84| 0.01| 0.41| 83.68
143 /1. | 25.28 3.78| 53.87| 0.14| 0.57| 0.05| 0.54| 0.93| 0.00| 0.52| 85.46
144 /1. | 25.71 3.77| 49.19| 0.15| 0.53| 0.03| 0.52| 0.83| 0.02| 0.61| 81.10
145/1.| 25.41 3.91| 50.91| 0.14| 0.60| 0.05| 0.57| 0.94| 0.02| 0.66| 82.93
146/1.| 22.77| 4.63| 52.28| 0.78| 0.58| 0.13| 0.53| 1.26| 0.05| 0.55| 83.33
147 /1.| 25.00| 2.32| 55.60| 0.18| 0.48| 0.04| 0.44| 0.63| 0.02| 0.58| 85.05
148 /1. | 23.22 2.78| 51.50| 0.18| 0.52| 0.04| 0.59| 0.70| 0.03| 0.71| 79.97
24 /1. 26.11 2.47| 51.86| 0.48| 0.68| 0.05| 0.28| 0.58| 0.01| 0.43| 82.77
25/1. 26.18 2.19| 50.83| 0.44| 0.57| 0.03| 0.23| 0.55| 0.00| 0.35| 81.22
29/1. 25.49 2.52| 49.80| 0.55| 0.65| 0.03| 0.30| 0.57| 0.02| 0.20| 80.05
36/1. 25.07 2.31| 51.62| 0.54| 0.69| 0.05| 0.35| 0.62| 0.02| 0.27| 81.43
46/1. 26.00| 2.49| 50.81| 0.42| 0.82| 0.04| 0.27| 0.51| 0.01| 0.50| 81.66
47/1. 25.22 2.66| 49.86| 0.41| 0.84| 0.04| 0.25| 0.60| 0.02| 0.70| 80.31
56/1. 25.05 3.42| 48.86| 0.56| 0.93| 0.02| 0.44| 0.78| 0.00| 0.56| 80.38
59/1. 24.48 2.58| 52.19| 0.52| 0.79| 0.05| 0.41| 0.78| 0.00| 0.34| 82.00
60/1. 25.41 2.72| 51.89| 0.52| 0.83| 0.02| 0.37| 0.67| 0.03| 0.37| 82.67
61/1. 25.13 2.80| 51.91| 0.52| 0.79| 0.05| 0.41| 0.71| 0.02| 0.48| 82.62
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78/1. 24.64| 3.23| 49.45| 0.60| 0.68| 0.03| 0.42| 0.73| 0.01| 0.54| 80.10
81/1. 25.64| 3.54| 50.27| 0.60| 0.73| 0.04| 0.43| 0.81| 0.01| 0.40| 82.30
87/1. 25.50| 3.38| 51.17| 0.56| 0.62| 0.06| 0.46| 0.77| 0.00| 0.50| 82.81

9.7. Tabela de pontos de Microssonda Eletronica para saponita

Ponto MgO |AI203 |Si02 |K20 |CaO |TiO2 |Na20 |FeO |MnO |F Total

1/1. 27.54| 0.98| 56.49| 0.36| 0.42| 0.04| 0.45| 0.38| 0.08| 0.64| 87.10
2/1. 26.36 1.03| 57.17| 0.35| 0.40| 0.01| 0.29| 0.40| 0.03| 0.50| 86.33
3/1. 27.80 1.09| 57.19| 0.33| 0.40| 0.02| 0.46| 0.38| 0.04| 0.70| 88.13
4/1. 26.75 1.07| 56.87| 0.29]| 0.39| 0.04| 0.24| 0.43| 0.00| 0.59| 86.42
5/1. 26.92 1.23| 57.18| 0.42| 0.42| 0.03| 0.46| 0.44| 0.03| 0.53| 87.44
6/1. 26.04 1.44| 55.92| 0.40| 0.38| 0.03| 0.31| 0.50| 0.05| 0.53| 85.39
15/1. 27.09| 4.24| 53.45| 0.63| 0.77| 0.03| 0.68| 0.77| 0.01| 0.38| 87.90
17/1. 26.80 1.67| 57.32| 0.49| 0.35| 0.02| 0.51| 0.44| 0.00| 0.51| 87.89
18/1. 26.29 1.58| 56.48| 0.47| 0.38| 0.01| 0.51| 0.52| 0.04| 0.60| 86.63
19/1. 25.48 1.72| 55.06| 0.52| 0.43| 0.05| 0.50| 0.52| 0.05| 0.46| 84.60
20/1. 25.82 1.67| 55.71| 0.44| 0.42| 0.02| 0.37| 0.51| 0.07| 0.31| 85.21
21/1. 26.86 1.45| 57.61| 0.46| 0.43| 0.04| 0.45| 0.54| 0.01| 0.43| 88.10
29/1. 24.93 5.14| 48.68| 0.88| 1.28| 0.03| 0.63| 0.89| 0.00| 0.25| 82.60
31/1. 26.28| 4.46| 50.91| 0.64| 1.31| 0.07| 0.44| 0.79| 0.02| 0.50| 85.23
32/1. 23.57| 4.35| 50.76| 0.63| 1.25| 0.04| 0.31| 0.85| 0.01| 0.32| 81.95
33/1. 24.29| 4.11| 50.53| 0.92| 1.16| 0.18| 0.46| 0.86| 0.01| 0.38| 82.74
34/1. 24.14| 4.28| 51.65| 0.71| 1.54| 0.05| 0.32| 0.90| 0.02| 0.46| 83.87
36/1. 24.65 5.11| 48.18| 0.77| 1.39| 0.02| 0.43| 0.86| 0.00| 0.29| 81.58
37/1. 25.41| 4.10| 51.87| 0.90| 1.31| 0.05| 0.47| 0.84| 0.03| 0.82| 85.46
38/1. 24.66| 4.25| 50.92| 0.70| 1.27| 0.04| 0.34| 0.76| 0.02| 0.60| 83.31
39/1. 26.07| 4.10| 52.06| 0.82| 1.10| 0.03| 0.43| 0.78| 0.02| 0.53| 85.71
40/1. 23.45| 4.15| 49.98| 0.61| 1.46| 0.04| 0.32| 0.78| 0.01| 0.19| 80.91
41/1. 25.06| 4.09| 49.54| 0.63| 1.35| 0.03| 0.42| 0.75| 0.00| 0.61| 82.23
50/1. 24.63 3.82| 51.66| 0.49| 1.27| 0.02| 0.32| 0.82| 0.01| 0.64| 83.41
51/1. 23.21 3.97| 50.02| 0.52| 1.37| 0.04| 0.34| 0.78| 0.03| 0.34| 80.47
52/1. 24.04| 3.05| 52.27| 0.42| 1.14| 0.03| 0.21| 0.70| 0.01| 0.54| 82.18
53/1. 24,20 2.95| 51.74| 0.40| 1.12| 0.04| 0.32| 0.69| 0.01| 0.38| 81.70
54/1. 24.75 2.73| 52.91| 0.41| 1.04| 0.05| 0.16| 0.65| 0.01| 0.62| 83.06
59/1. 24.16| 3.53| 51.94| 0.47| 1.24| 0.03| 0.30| 0.74| 0.03| 0.51| 82.73
61/1. 26.14| 2.76| 53.91| 0.43| 1.17| 0.03| 0.29| 0.72| 0.05| 0.13| 85.56
62/1. 24.48 3.31| 52.59| 0.43| 1.52| 0.01| 0.19] 0.71| 0.01| 0.27| 83.43
64/1. 23.05 3.58| 50.89| 0.41| 1.16| 0.03| 0.25| 0.75| 0.00| 0.44| 80.38
66/1. 26.88 1.47| 55.34| 0.33| 0.71| 0.06| 0.20| 0.53| 0.00| 0.67| 85.90
67/1. 27.41 1.32| 56.35| 0.37| 0.72| 0.02| 0.27| 0.50| 0.02| 0.67| 87.37
73/1. 26.55 1.56| 54.81| 0.53| 0.84| 0.05| 0.33| 0.54| 0.00| 0.37| 85.43
75/1. 24.33 2.52| 52.78| 0.42| 0.93| 0.05| 0.25| 0.65| 0.03| 0.43| 82.22
77/1. 23.86| 3.31| 49.79| 0.64| 1.17| 0.03| 0.32| 0.81| 0.01| 0.41| 80.18
78/1. 24.07 3.51| 51.54| 0.65| 1.17| 0.04| 0.19| 0.73| 0.04| 0.43| 82.21
80/1. 24.52 3.39| 49.32| 0.66| 1.24| 0.03| 0.21| 0.75| 0.00| 0.63| 80.48
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81/1. 27.43| 4.84| 50.10| 0.75| 1.18| 0.03| 0.29| 0.89| 0.00| 0.54| 85.83
82/1. 25.58| 4.91| 50.22| 0.64| 1.41| 0.02| 0.27| 0.92| 0.01| 0.90| 84.51
84/1. 21.06| 5.15| 49.98| 1.15| 1.27| 0.18| 0.19| 0.96| 0.05| 0.21| 80.11
85/1. 25.31 3.73| 49.38| 0.57| 1.31| 0.04| 0.30| 0.80| 0.00| 0.61| 81.80
86/1. 25.10| 4.26| 50.90| 0.56| 1.40| 0.04| 0.19| 0.85| 0.03| 0.50| 83.61
17/1. 24.43 1.50| 55.52| 0.18| 0.69| 0.03| 0.59| 0.29| 0.00| 0.71| 83.64
19/1. 25.36 1.62| 56.21| 0.19| 0.75| 0.03| 0.56| 0.31| 0.02| 0.94| 85.59
22/1. 23.51 1.72| 53.95| 0.20| 0.81| 0.04| 0.72| 0.36| 0.03| 1.02| 81.93
23/1. 24.60 1.74| 54.87| 0.20| 0.77| 0.04| 0.61]| 0.31| 0.01| 0.95| 83.70
27 /1. 25.16 1.96| 52.17| 0.26| 0.79| 0.10| 0.58| 0.41| 0.05| 0.75| 81.91
28/1. 25.61 1.79| 54.50| 0.21| 0.78| 0.01| 0.57| 0.32| 0.04| 0.78| 84.28
29/1. 26.08 1.75] 53.39| 0.22| 0.75| 0.01| 0.57| 0.32| 0.00| 0.71| 83.50
31/1. 24.73 1.78| 53.18| 0.17| 0.78| 0.05| 0.52| 0.35| 0.03| 0.47| 81.86
32/1. 27.20 1.69| 54.43| 0.17| 0.73| 0.02| 0.39| 0.29| 0.02| 0.39| 85.17
34/1. 26.04 1.59| 56.36| 0.19| 0.74| 0.04| 0.34| 0.35| 0.05| 0.45| 85.96
35/1. 24.00 1.55| 52.58| 0.18| 0.70| 0.03| 0.37| 0.32| 0.02| 0.59| 80.09
36/1. 27.05 1.72| 54.86| 0.20| 0.72| 0.04| 0.37| 0.35| 0.01| 0.48| 85.60
37/1. 26.93 1.58| 54.10| 0.18| 0.72| 0.04| 0.34| 0.33| 0.03| 0.72| 84.67
39/1. 24.23 1.82| 56.85| 0.20| 0.87| 0.04| 0.64| 0.35| 0.04| 0.81| 85.51
52/1. 27.41| 0.80| 58.95| 0.25| 0.42| 0.02| 0.33| 0.26| 0.00| 0.63 | 88.80
114 /1. | 23.75 2.27| 52.10| 0.51| 0.93| 0.06| 0.19| 0.52| 0.00| 0.49| 80.61
115/1.| 23.87 2.25| 51.82| 0.47| 1.22| 0.04| 0.19| 0.47| 0.03| 0.63| 80.73
116 /1. | 23.97 2.03| 53.01| 0.48| 0.88| 0.02| 0.16| 0.37| 0.00| 0.50| 81.21
118 /1. | 24.53 2.65| 51.83| 0.37| 1.23| 0.04| 0.17| 0.39| 0.00| 0.57| 81.56
119/1.| 26.31 2.25| 54.19| 0.40| 1.15| 0.02| 0.19] 0.39| 0.05| 0.82| 85.42
120/1.| 24.99 2.20| 54.73| 0.36| 1.10| 0.03| 0.11| 0.42| 0.00| 0.52| 84.24
122 /1. | 25.97 2.36| 55.57| 0.43| 1.10| 0.03| 0.19] 0.38| 0.02| 0.84| 86.52
123 /1. | 23.77 2.22| 51.76| 0.63| 1.07| 0.07| 0.24| 0.54| 0.01| 0.70| 80.71
133/1.| 24.80| 3.38| 50.84| 0.50| 1.52| 0.06| 0.23| 0.48| 0.00| 0.64| 82.19
142 /1. | 24.15 2.68| 52.93| 0.38| 1.04| 0.02| 0.17| 0.45| 0.01| 0.50| 82.13
143 /1. | 23.47 2.54| 52.14| 0.41| 0.98| 0.03| 0.11| 0.41| 0.00| 0.44| 80.34
144 /1. | 23.56| 2.23| 53.95| 0.31| 0.96| 0.02| 0.13| 0.39| 0.03| 0.69| 81.98
145/1.| 25.24| 2.54| 53.92| 0.50| 0.95| 0.02| 0.22| 0.47| 0.00| 0.70| 84.27
146/1.| 24.30| 2.82| 56.30| 0.45| 0.99| 0.08| 0.13| 0.54| 0.00| 1.07 | 86.23
147 /1. | 25.55 2.71| 52.08| 0.53| 1.21| 0.01| 0.33| 0.47| 0.00| 0.41| 83.13
149 /1. | 25.37 2.04| 55.57| 0.37| 1.30| 0.03| 0.24| 0.44| 0.00| 0.79| 85.83
150/1.| 25.35 2.50| 53.69| 0.43| 1.20| 0.01| 0.23| 0.38| 0.00| 0.63| 84.16
151/1.| 26.46| 2.15| 54.69| 0.38| 1.30| 0.03| 0.23| 0.43| 0.00| 0.76| 86.11
152 /1. | 26.84| 2.27| 54.66| 0.42| 1.40| 0.01| 0.19| 0.40| 0.01| 0.66| 86.59
153 /1. | 24.00| 2.87| 53.73| 0.97| 1.77| 0.02| 0.29| 0.67| 0.00| 0.84| 84.80
154/1.| 24.34| 2.47| 54.48| 0.39| 1.56| 0.03| 0.17| 0.36| 0.01| 0.66| 84.20
155/1.| 24.68 2.54| 53.96| 0.41| 1.72| 0.00| 0.24| 0.43| 0.02| 0.85| 84.50
156 /1. | 23.85 2.27| 53.62| 0.31| 1.55| 0.03| 0.15| 0.41| 0.05| 0.78| 82.69
157 /1. | 24.27 2.59| 52.39| 0.50| 1.79| 0.02| 0.30| 0.43| 0.02| 0.43| 82.55
158 /1. | 23.47 2.22| 51.94| 0.43| 1.75| 0.02| 0.26| 0.43| 0.00| 0.75| 80.96
159/1.| 25.89 2.26| 54.18| 0.37| 1.42| 0.01| 0.23| 0.41| 0.00| 1.07| 85.39
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160/1. | 24.37 2.88| 53.57| 0.49| 1.81| 0.02| 0.19| 0.40| 0.02| 1.07| 84.37
161/1.| 24.74| 2.60| 52.60| 0.54| 1.66| 0.00| 0.32| 0.44| 0.03| 0.63| 83.31
164/1.| 23.76| 2.22| 53.52| 0.52| 1.29| 0.05| 0.15| 0.46| 0.00| 0.71| 82.39
165/1.| 25.48 2.14| 54.04| 0.49| 1.56| 0.03| 0.26| 0.40| 0.00| 0.60| 84.74
166/1.| 25.36| 2.10| 53.73| 0.43| 1.52| 0.04| 0.19| 0.37| 0.00| 0.50| 84.03
182 /1. | 24.81 1.90| 53.91| 0.48| 1.43| 0.02| 0.29| 0.35| 0.00| 0.68| 83.58
183/1.| 26.62 1.52| 55.61| 0.34| 1.19| 0.03| 0.25| 0.34| 0.00| 0.73| 86.33
184 /1. | 24.00 1.89| 54.42| 0.42| 1.65| 0.02| 0.19| 0.33| 0.00| 1.06| 83.54
191/1.| 25.34| 2.42| 55.04| 0.85| 1.07| 0.04| 0.17| 0.49| 0.02| 0.54| 85.76
196 /1. | 24.92 2.36| 52.32| 0.47] 1.31| 0.03| 0.16| 0.44| 0.00| 0.86| 82.52
198 /1. | 23.45 3.08| 51.13| 0.49| 1.82| 0.00| 0.16| 0.42| 0.00| 0.31| 80.74
199/1.| 25.28 2.40| 53.96| 0.47| 1.33| 0.03| 0.14| 0.44| 0.00| 0.54| 84.36
200/1. | 23.48 2.33| 52.53| 0.44| 1.28| 0.02| 0.17| 0.42| 0.00| 0.50| 80.95
201/1.| 23.80| 2.48| 53.60| 0.65| 1.46| 0.04| 0.16| 0.53| 0.03| 0.46| 83.01
203 /1. | 25.43 2.46| 53.59| 0.47| 1.42| 0.08| 0.10| 0.53| 0.00| 0.47| 84.35
207 /1. | 25.41 2.53| 52.31| 0.47| 1.69| 0.04| 0.16| 0.40| 0.02| 0.53| 83.34
208 /1. | 24.37 2.67| 51.92| 0.46| 1.59| 0.03| 0.10| 0.48| 0.00| 0.78| 82.07
209/1. | 24.52 2.42| 50.69| 0.47| 1.73| 0.02| 0.15] 0.37| 0.02| 0.78| 80.83
210/1. | 23.63 2.21| 53.89| 0.47| 1.83| 0.01| 0.20| 0.41| 0.00| 0.84| 83.14
261/1.| 26.59 3.69| 58.14| 0.86| 1.52| 0.22| 0.12| 0.82| 0.00| 0.79| 92.41
262 /1. | 26.26 1.28| 55.03| 0.81| 1.41| 0.02| 0.23| 0.28| 0.01| 0.77| 85.79
264 /1. | 25.49 1.26| 52.21| 0.53| 1.18| 0.03| 0.21| 0.34| 0.01| 0.62| 81.62
283 /1. | 26.51 1.78| 55.43| 0.44| 1.51| 0.04| 0.19| 0.37| 0.00| 0.66| 86.66
284 /1. | 26.04 1.74| 55.78| 0.41| 1.45| 0.02| 0.17| 0.39| 0.00| 0.63| 86.36
285/1. | 26.05 1.71| 55.64| 0.45| 1.45| 0.05| 0.15| 0.38| 0.00| 0.79| 86.33
287 /1. | 24.97 1.88| 50.60| 0.48| 1.64| 0.03| 0.28| 0.36| 0.00| 0.70| 80.64
299 /1. | 26.43 1.78| 54.69| 0.43| 1.36| 0.02| 0.27| 0.37| 0.06| 0.60| 85.76
301/1.| 25.44 1.97| 54.70| 0.52| 1.25| 0.04| 0.23| 0.37| 0.02| 0.59| 84.87
85/1. 23.49 2.54| 52.83| 0.50| 1.73| 0.04| 0.73| 0.69| 0.00| 0.48 | 82.83
92/1. 23.18 3.02| 52.98| 0.30| 1.41| 0.29| 0.40| 0.78| 0.03| 0.69| 82.79
56/1. 25.50| 3.19| 49.58| 0.25| 0.75| 0.04| 0.81| 0.71| 0.00| 0.40| 81.06
57/1. 24,10 2.95| 49.85| 0.24| 1.06| 0.11| 0.55| 0.73| 0.01| 0.63| 79.96
59/1. 23.44 1.43| 50.06| 0.56| 2.72| 0.11| 0.63| 0.66| 0.00| 0.56| 79.93
63/1. 22.08 1.87| 50.24| 1.05| 1.54| 0.30| 0.67| 0.85| 0.01| 0.81| 79.08
68/1. 22.19 3.95| 54.36| 1.40| 0.56| 0.16| 0.67| 0.88| 0.00| 0.63| 84.53
79/1. 22.35| 4.89| 50.74| 0.96| 1.84| 0.13| 0.67| 0.82| 0.00| 0.89| 82.92
73/1. 27.48 3.83| 50.83| 0.23| 0.43| 0.06| 0.72| 0.87| 0.01| 0.61| 84.81
76 /1. 27.10| 3.50| 47.53| 0.17| 0.72| 0.05| 0.52| 0.80| 0.01| 0.43| 80.65
78/1. 28.65 3.08| 51.21| 0.20| 0.48| 0.03| 0.57| 0.75| 0.04| 0.63| 85.37
79/1. 28.81 3.24| 51.56| 0.19| 0.47| 0.02| 0.58| 0.81| 0.00| 0.52| 85.98
80/1. 27.77 3.11| 48.20| 0.20| 0.44| 0.04| 0.47| 0.76| 0.00| 0.51| 81.29
82/1. 27.16| 4.16| 49.29| 0.18| 0.73| 0.04| 0.73| 0.91| 0.00| 0.35| 83.40
91/1. 27.77 3.51| 50.19| 0.21| 0.45| 0.05| 0.66| 0.74| 0.02| 0.41| 83.84
92/1. 28.31 3.52| 50.89| 0.35| 0.47| 0.04| 0.59| 0.82| 0.03| 0.33| 85.21
93/1. 27.59 2.69| 51.48| 0.18| 0.52| 0.06| 0.50| 0.67| 0.01| 0.41| 83.94
94 /1. 28.61 3.43| 50.22| 0.20| 0.43| 0.06| 0.63| 0.70| 0.00| 0.40| 84.51
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95/1. | 26.87| 2.98| 49.94| 0.15| 0.53| 0.03| 0.55| 0.66| 0.00| 0.47| 81.98
96/1. | 29.90| 1.80| 53.28| 0.12| 0.46| 0.03| 0.45| 0.52| 0.01| 0.49| 86.85
97/1. | 29.40| 1.71] 52.99| 0.18| 0.49| 0.03| 0.39| 0.56| 0.01| 0.46| 86.03
98/1. | 30.05| 2.08| 50.38| 0.14| 0.45| 0.05| 0.40| 0.56| 0.00| 0.45| 84.37
106/1.| 28.33| 3.10| 47.85| 0.18] 0.55| 0.05| 0.57| 0.64| 0.02| 0.31| 81.47
109/1. | 27.84 3.22| 49.85| 0.17| 0.58| 0.05| 0.43| 0.77| 0.00| 0.36| 83.12
111/1. | 28.67| 3.55| 50.11| 0.24| 0.58| 0.06| 0.60| 0.78| 0.01| 0.40| 84.83
112/1.| 28.05| 3.58| 49.45| 0.20| 0.63| 0.03| 0.53| 0.79| 0.01| 0.52| 83.57
113/1.| 29.37| 3.27| 47.99| 0.21] 0.51| 0.01| 0.44| 0.74| 0.04| 0.53| 82.89
114/1. 28.01| 3.17| 50.15| 0.21| 0.61| 0.04| 0.61| 0.73| 0.02| 0.28 83.71
115/1. | 29.09 3.37| 46.88| 0.23| 0.55| 0.04| 0.46| 0.73| 0.00| 0.21| 81.47
117/1.| 29.88| 3.58| 48.44| 0.18| 0.53| 0.06| 0.49| 0.78| 0.00| 0.36| 84.15
120/1.| 27.15 4.24) 47.62| 0.21| 0.60| 0.04| 0.69| 0.88| 0.00| 0.50| 81.72
121/1. 28.08| 3.18| 49.41| 0.17| 0.49| 0.04| 0.39| 0.68| 0.00| 0.40| 82.67
122 /1. | 28.49 3.12| 50.76| 0.20| 0.52| 0.04| 0.51| 0.71| 0.03| 0.49| 84.66
123/1.| 27.66 3.49| 50.34| 0.22| 0.55| 0.05| 0.52| 0.77| 0.03| 0.65| 84.01
124/1.| 28.62| 3.08| 50.69| 0.19] 0.52| 0.05| 0.49| 0.71| 0.00| 0.36| 84.56
125/1.| 28.17 292 49.12| 0.17| 0.49| 0.03| 0.48| 0.69| 0.05| 0.28| 82.28
139/1.| 29.85| 3.36| 47.16| 0.23] 0.52| 0.03| 0.49| 0.81| 0.00| 0.26| 82.60
140/1.| 26.11| 2.93| 48.63| 0.39] 0.45| 0.03| 0.55| 0.63| 0.00| 0.60| 80.07
141/1.| 27.20| 3.48| 48.17| 0.15| 0.56| 0.08| 0.67| 0.66| 0.06| 0.44| 81.28
31/1. | 26.34| 2.77| 50.17| 0.50| 0.78| 0.05| 0.27| 0.64| 0.01| 0.38| 81.75
35/1. 27.42 2.51| 50.99| 0.52| 0.73| 0.02| 0.26| 0.53| 0.01| 0.23| 83.12
54/1. | 24.84| 2.28| 49.87| 0.52| 0.65| 0.07| 0.30| 2.17| 0.01| 0.52| 81.01
64/1. | 25.93| 3.49| 48.64| 0.58| 0.91| 0.04| 0.40| 0.81| 0.00| 0.64| 81.17
77/1. | 26.19| 3.50| 47.68| 0.59| 0.68| 0.05| 0.38| 0.77| 0.00| 0.32| 80.03
84/1. | 26.54| 3.57| 49.43| 0.67| 0.70| 0.03| 0.34| 0.84| 0.00| 0.36| 82.33
9.8. Tabela de Microssonda Eletronica para kerolita

Ponto MgO |AI203 |Si02 |K20 [CaO |TiO2 |Na20 |[FeO |MnO |F Total
1/1. | 28.81| 041) 60.52| 0.26] 0.11| 0.00| 0.28] 0.23| 0.00| 0.33| 90.81
2/1. | 2911| 043 60.90| 0.31]| 0.11| 0.01| 0.28| 0.18| 0.02| 0.34| 91.55
3/1. | 29.40| 0.38] 61.02| 0.26| 0.09| 0.04| 0.28| 0.22| 0.00| 0.25| 91.83
4/1. | 29.15| 0.37] 61.13| 0.24| 0.13] 0.01| 0.32| 0.19| 0.00| 0.36| 91.75
5/1. | 2895| 042| 61.21| 0.25| 0.12| 0.02| 0.29| 0.19| 0.05| 0.46| 91.77
6/1. | 29.26| 0.47] 60.62| 0.30| 0.16| 0.03| 0.27| 0.18| 0.03| 0.41| 91.56
7/1. | 2875| 049 60.35| 0.28| 0.21| 0.04| 0.33| 0.22| 0.00| 0.45| 90.93
8/1. | 2856 0.49] 60.39| 0.31]| 0.21] 0.09| 0.28| 0.22| 0.01| 0.43| 90.81
9/1. | 2833| 0.52] 60.65| 0.36| 0.22| 0.02| 0.29]| 0.21| 0.00| 0.47| 90.87
10/1. | 29.00| 0.57| 59.43| 0.40| 0.22| 0.02| 0.30| 0.22| 0.00| 0.66| 90.54
12/1. | 28.91| 0.48| 60.06| 0.31] 0.25| 0.03| 0.25| 0.22| 0.02| 0.77| 90.98
13/1. | 28.16] 0.62| 60.44| 0.46| 0.27| 0.00| 0.24| 0.28| 0.05| 0.56| 90.84
14/1. | 29.08| 0.44| 60.78| 0.30| 0.22| 0.03| 0.23] 0.20| 0.00| 0.51| 91.58
15/1. | 28.67| 0.51| 59.60| 0.37] 0.17| 0.00| 0.35| 0.24| 0.00| 0.32| 90.10
88/1. | 28.17| 0.43] 5892| 0.35| 0.16] 0.00| 0.29| 0.24| 0.00| 0.62| 88.92
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89/1. 28.35| 0.52| 59.10| 0.37| 0.20| 0.34| 0.39| 0.18| 0.00| 0.49| 89.73
90 /1. 28.70| 0.42| 59.97| 0.31| 0.13| 0.03| 0.30| 0.23| 0.01| 0.52| 90.40
91/1. 28.77| 0.47]| 59.63| 0.30| 0.13| 0.01| 0.35| 0.18| 0.04| 0.50| 90.17
92/1. 28.51| 0.43]| 58.96| 0.27| 0.27| 0.02| 0.28| 0.25| 0.00| 0.45| 89.25
93/1. 28.22| 0.49) 59.02| 0.30| 0.31| 0.04| 0.29| 0.20| 0.01| 0.39| 89.11
94 /1. 26.79| 0.44| 57.21| 0.26| 0.33| 0.00| 0.31| 1.47| 0.01| 0.46| 87.09
95/1. 28.18| 0.46| 59.20| 0.31| 0.19| 0.04| 0.25| 0.17| 0.01| 0.44| 89.06
9% /1. 28.49| 0.47| 58.72| 0.29| 0.22| 0.04| 0.27| 0.20| 0.00| 0.46| 88.97
97 /1. 27.81| 0.46| 58.83| 0.30| 0.19| 0.03| 0.29| 0.22| 0.00| 0.39| 88.36
98/1. 28.55| 046 59.43| 0.31| 0.18| 0.01| 0.29| 0.24| 0.00| 0.44| 89.72
99/1. 28.82| 0.42]| 59.32| 0.33| 0.17| 0.03| 0.28| 0.22| 0.01| 0.40| 89.83
100/1.| 28.80| 0.40| 59.70| 0.29| 0.13| 0.04| 0.29| 0.19| 0.00| 0.38| 90.06
101/1.| 28.64| 0.46| 58.74| 0.34| 0.11| 0.02| 0.34| 0.18| 0.00| 0.66| 89.21
102/1.| 28.58| 0.44| 59.33| 0.34| 0.17| 0.01| 0.25| 0.24| 0.00| 0.82| 89.83
118 /1. | 28.99| 0.38| 60.49| 0.24| 0.12| 0.03| 0.21| 0.20| 0.02| 0.51| 90.98
119/1.| 28.66| 0.51| 59.75| 0.26| 0.21| 0.02| 0.22| 0.23| 0.00| 0.30| 90.03
120/1.| 27.92| 0.57| 58.26| 0.36| 0.28| 0.02| 0.21| 0.27| 0.02| 0.44| 88.16
121/1.| 2855| 0.61| 59.46| 0.30| 0.28| 0.02| 0.28| 0.24| 0.00| 0.37| 89.95
122 /1.| 28.61| 0.45| 59.92| 0.29| 0.17| 0.03| 0.26| 0.24| 0.02| 0.41| 90.23
123/1.| 28.76| 0.39| 60.53| 0.29| 0.11| 0.04| 0.34| 0.22| 0.00| 0.37| 90.89
124/1.| 29.01| 0.30| 60.84| 0.23| 0.11| 0.03| 0.33| 0.21| 0.05| 0.60| 91.46
125/1.| 29.17| 0.37| 60.30| 0.24| 0.12| 0.02| 0.37| 0.20| 0.00| 0.55| 91.11
126/1.| 28.94| 0.40| 60.96| 0.30| 0.11| 0.25| 0.37| 0.25| 0.05| 0.57| 91.96
127/1.| 29.36| 0.43| 60.61| 0.25| 0.10| 0.02| 0.35| 0.21| 0.00| 0.70| 91.74
128 /1.| 29.15| 0.39| 60.77| 0.26| 0.09| 0.02| 0.33| 0.17| 0.00| 0.42| 91.42
129/1.| 28.05| 0.37| 59.92| 0.28| 0.14| 0.04| 0.45| 0.25| 0.00| 0.39| 89.73
130/1.| 29.03| 0.35| 60.47| 0.23| 0.09| 0.01| 0.29| 0.20| 0.00| 0.33| 90.86
131/1.| 28.90| 0.40| 60.17| 0.27| 0.11| 0.05| 0.39| 0.18| 0.00| 0.28 | 90.63
132/1.| 29.12| 0.38| 60.38| 0.27| 0.08| 0.02| 0.30| 0.20| 0.01| 0.68| 91.15
133/1.| 29.17| 0.32| 61.12| 0.21| 0.10| 0.01| 0.28| 0.19| 0.01| 0.39| 91.64
134/1.| 28.78| 0.42| 60.64| 0.25| 0.09| 0.04| 0.31| 0.17| 0.02| 0.45| 90.98
135/1.| 28.64| 0.43| 60.44| 0.28| 0.12| 0.00| 0.35| 0.27| 0.00| 0.52| 90.83
136/1.| 27.66| 0.55| 61.33| 0.36| 0.13| 0.05| 0.30| 0.26| 0.00| 0.43| 90.89
137/1.| 28.26| 0.39| 59.68| 0.28| 0.16| 0.00| 0.33| 0.25| 0.00| 0.62| 89.71
138/1.| 29.17| 0.35| 59.39| 0.26| 0.15| 0.05| 0.34| 0.22| 0.00| 0.37| 90.14
139/1.| 29.14| 0.37| 61.02| 0.27| 0.11| 0.01| 0.40| 0.24| 0.01| 0.47| 91.84
140/1.| 28.84| 0.38| 60.40| 0.27| 0.11| 0.03| 0.37| 0.25| 0.02| 0.47| 90.94
141/1.| 28.71| 0.36| 60.42| 0.27| 0.10| 0.02| 0.42| 0.23| 0.03| 0.38| 90.78
142 /1.| 28.87| 0.37| 60.70| 0.26| 0.11| 0.03| 0.38| 0.23| 0.00| 0.49| 91.23
143 /1.| 28.94| 0.40| 60.02| 0.30| 0.12| 0.02| 0.37| 0.19| 0.01| 0.57| 90.70
144 /1. | 28.73| 0.39| 60.22| 0.25| 0.15| 0.03| 0.39| 0.21| 0.03| 0.46| 90.67
145/1.| 2895| 0.35| 60.39| 0.26| 0.11| 0.01| 0.34| 0.17| 0.00| 0.34| 90.78
146/1.| 28.96| 0.39| 60.20| 0.26| 0.10| 0.02| 0.31| 0.26| 0.00| 0.52| 90.80
147/1.| 29.27| 0.37| 60.36| 0.27| 0.15| 0.04| 0.36| 0.21| 0.00| 0.38| 91.25
148 /1. | 28.86| 0.43| 60.04| 0.27| 0.15| 0.05| 0.38| 0.23| 0.03| 0.67| 90.83
149/1.| 28.67| 0.39| 60.35| 0.28| 0.13| 0.04| 0.38| 0.24| 0.05| 0.64| 90.90
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150/1.| 28.94| 0.39| 60.31| 0.26| 0.13| 0.03| 0.35| 0.17| 0.00| 0.61| 90.93
151/1.| 29.52| 0.16| 62.18| 0.12| 0.07| 0.02| 0.20| 0.19| 0.00| 0.46| 92.73
152 /1.| 28.72| 0.08| 61.84| 0.08| 0.10| 0.02| 0.15| 0.20| 0.02| 0.61| 91.56
153/1.| 30.09| 0.08| 62.70| 0.09| 0.10| 0.04| 0.22| 0.27| 0.02| 0.72| 94.03
154/1.| 29.57| 0.23| 61.30| 0.15| 0.07| 0.02| 0.22| 0.21| 0.03| 0.62| 92.16

69



ANEXO |

Titulo da Dissertagao:

“UMA ABORDAGEM PARA CARACTERIZAGAO MINERALOGICA DE
ARGILOMINERAIS TRI-OCTAEDRICOS E INTERESTRATIFICADOS BACIA DE
SANTOS, FORMAGAO BARRA VELHA - PRE-SAL”

Area de Concentracdo: Geoquimica

Autor: Luis Adriano Carvalho da Silva

Orientador: Prof. Dr. André Sampaio Mexias

Examinador: Dra. Rosalia Barili da Cunha

Data: 04/08/2023

Conceito: A

PARECER:

Comentarios gerais:

Os comentarios e observacdes abaixo foram feitos com intuito de contribuir no
desenvolvimento do trabalho, sem prejuizo ao estudo.

Texto de facil leitura, bem escrito. Ha necessidade de revisdo gramatical e de
formatacdo devido a questdbes menores observadas ao longo do documento
recebido, mas que nao comprometem a qualidade do trabalho.

Chama atencéao poucas figuras presentes na primeira parte do documento.

A apresentagdo dos resultados e discussao no artigo é densa, dificultando um
pouco a leitura.

De modo geral o trabalho esta muito bom, e apresenta uma boa revisdo e
indicagdo dos argilominerais presentes no pogo estudado, com indicagdo das
possiveis causas da variagdo mineraldgica observada ao longo do intervalo.

O estudo ocorre dentro de um projeto de pesquisa maior, cujas atividades de
diferentes pesquisadores complementam-se. Neste sentido, senti falta de uma
maior integracdo com resultados de petrografia e estratigrafia para corroborar as
conclusdes indicadas. Indico esta questdo, pois, apesar de ser uma “abordagem
para a caracterizagado” destes argilominerais, os resultados e conclusdes fazem
referéncia a geologia da bacia e aos processos que deram origem aos

argilominerais presentes e sua alteragcdo, e ndo apenas aos métodos analiticos




para caracterizagdo dos argilominerais.

Parte 1- Texto integrador:
Introducgao
Objeto de estudo e objetivos definidos.
Duvida: Pagina 12, primeiro paragrafo - o testemunho contém apenas o intervalo
do nao-reservatorio, ou as amostras foram retiradas apenas deste intervalo?
Curioso a amostragem de um intervalo nao-reservatorio. Este intervalo foi definido
assim apos aquisicdo do testemunho, pela observacdo da presenca dos
argilominerais, ou foi coletado pensando na caracterizagdo destes,
especificamente?
Contexto geoloégico
Pg. 12 — primeiro paragrafo: A bacia de Santos esta contida na plataforma, ndo na
regidao costeira. O termo remete ao litoral, e nao por¢édo marinha. Sugiro que no
texto os limites da bacia sejam indicados entre os altos estruturais, e ndo ao litoral
dos estados, na figura ja fica claro que o limite se estende até a costa.
Pg. 13 — Caberia a inclusdo da carta cronoestratigrafica da bacia com referéncia as
fases de evolugao, e indicacdo da Fm. Barra Velha.
Estado da arte
Pg.14 — Caberia a inclusao de figuras mostrando a estrutura dos filossilicatos.
Pg. 18 — Onde é descrito a ocorréncia de interestratificados? Apenas Pozo e Calvo
(2018) descrevem isso? Incluir referéncia que cita as trocas e a possibilidade de
substituicdo cations de raio atdmico similar aos ETR.
Materiais e métodos
Pg. 19 — A primeira frase do segundo paragrafo ficou confusa. Poderia indicar que
os elétrons sdo acelerados a partir do catodo e ao coidirem co o anodo e
desacelerarem geram os raios-X caracteristicos do espectro continuo e do material
do anodo
Pg 19-20 — Poderia incluir imagens do preparo das amostras.
Pg. 20 — Penultimo paragrafo. Problema de concordancia, usar “se organizar’
Pg. 21 — Os paréametros s&o ajustados ou extraidos?

O software se chama “tri-micaltri-smectite" ou € um padrdo de analise

dentro do software? Nao ficou claro




Pg. 22 — MEV: Apesar de o foco ser os argilominerais, o carbono do recobrimento
nao interferiu na analise de EDS, tendo em vista a possivel presenca de carbonato
de calcio (CaCO3) nas amostras do Pre-Sal?

Microssonda: quais os padroes utilizados: S&do materiais de referéncia
certificados ou padrdes internos?

ETR: Qual a referéncia para o tratamento aplicado para anélise dos
ETRs?

Parte 2 — Artigo submetido a revista Clay Minerals

Apresenta breve revisao sobre o intervalo, com dados de produgao e origem das
formacdes de interesse. Discorre sobre a litologia da Fm. Barra Velha e sobre os
argilominerais magnesianos.

Pg. 31 — Nas discussdes ha uma indicagao de que n&o seria possivel identificar as
diferentes fases dos argilominerais em laminas, mas no paragrafo desta pagina ha
indicagdo de que a variagdo entre alta e baixa birrefringéncia pode ser indicativo
para diferenciacdo entre Kerolita e esmectita, mesmo que identificada por outro
autor (Rossoni et al., 2023).

Pg.34 — Nao compreendi o motivo da tabela 1 apresentar ranges de porcentagem
para uma mesma profundidade ao invés de indicar o mineral e a porcentagem
observada por profundidade.

Pg.35 — O aumento da pCO2 estaria relacionada com o aumento da acidez do
meio, e reducdo da alcalinidade? N&o fica claro o que gera o aumento de
porosidade nestes intervalos.

Pg. 39 — Figura 3 — Algumas imagens estao desfocadas.

Pg. 40 — Figura 4 — Indicar na figura o que é descrito no texto. O que € a biotita, o
que é a smectita, etc.

Pg. 46 — Quais as evidéncias da presenca de minerais que dissolvidos ddo origem
aos ions especificos onde ocorre enriquecimento? Ha descricdo destes em
ldaminas petrograficas proximas as profundidades onde ocorre a anomalia? Ha
indicacdo da presenca destes minerais nos resultados de DRX em profundidades
proximas? Estes minerais foram observados por outros autores na bacia? Se sim,
indicar na discussao.

Pg. 47 — Quais as evidéncias de influéncia fluvial, ndo ficou claro. Ha outras




referéncias que citam estas evidéncias? Foram descritos feldspatos ao longo do
poco? A anomalia positiva de Eu ocorre em apenas uma profundidade (Figure 6)
assim como o enriquecimento em Ba, Sr, U e Eu (Figure 7). Quais as evidéncias
de que isto é realmente uma anomalia observada na bacia e relativa a entrada de
material fluvial? Este comportamento geoquimico € observado por outros autores
na bacia e no intervalo? Ha relagdo com algum evento na bacia? Se sim, poderia
citar e discutir?

Pg. 48 — Nao houve apresentagao do perfil de descricdo do pogo, logo o leitor ndo
tem ideia da distribuicdo das fases minerais presentes nas amostras, apesar da
descricdo da porcentagem em tabelas. Sugiro incluir um perfil, indicando a % de
porosidade e as propor¢des dos constituintes para evidenciar, de forma mais
visual, o efeito da diagénese ao longo do intervalo.

Anexos

Pg. 55 a 57 — 9.2 difratogramas. A curva tedrica € a amarela? Fica confuso o
termo mixed.

9.5 a 9.7 — Tabela de dados da microssonda, fica confuso por ndo haver como
referéncia uma imagem de onde os pontos foram feitos, ou a descricdo do
constituinte apesar de indicar no titulo do anexo que sao dos interestratificados ou
apenas kerolita. Foram todos os pontos na mesma amostra? Nao ha indicacao de

profundidade.

Assinatura: Data:04/08/2023
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Ciente do Aluno:
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A dissertacdo analisada cumpre todos os critérios para a obtencdo do titulo de
mestre pelo candidato. O tema da pesquisa € extremamente relevante e 0s
resultados e discussfes adicionam importantes informacgdes sobre os depdsitos do
Pré-sal brasileiro, em especial sobre as condi¢cdes geoquimicas necessarias para a
génese e transformacdes dos argilominerais. A literatura utilizada sobre os
depodsitos do Pré-sal é atual e completa. O texto tem boa redagdo, com poucos
erros ortograficos que nédo dificultam o andamento da leitura. A seguir seguem
algumas sugestdes de melhoria para o texto integrador e para o artigo submetido.

Sobre o texto integrador:

- Titulo — “uma abordagem” poderia ser substituida por algo mais especifico, como:
Condicfes geoquimicas para génese e transformacédo dos argilominerais...

- A finalidade do estudo necessita maior desenvolvimento no texto.

- Sugere-se separar 0s objetivos em: geral e especificos.

- Fig.1 — faltou incluir as coordenadas geogréficas.

- Sugere-se a inclusao de trabalhos sobre os argilominerais do Pré-sal da Bacia de
Campos e Bacia de Santos no Contexto Geoldgico.

- Sugere-se a inclusédo de fotomicrografias dos principais depositos do Pré-sal no
Contexto Geologico, dando énfase para as relagdes dos constituintes carbonéticos
com os argilominerais.

- O estado da arte € bem construido, contendo uma 6tima revisdo sobre os
argilominerais, especialmente os magnesianos.

- Especificar o porqué néo foi divulgado o nome do poco no item Materiais e
Métodos.

- Como foram identificadas as relacdes paragenéticas dos argilominerais
singenéticos? Analise petrogréafica? Seria interessante incluir dados petrograficos
para embasar essas informacdes.

- Conclusdes: Incluir as condicbes paleoambientais para a génese dos
argilominerais identificados.




Sobre o artigo submetido:

Introduction: O texto inicial se assemelha a um estado da arte/contexto geoldgico,
sugiro sintetizar as informacfes da bacia e focar no problema geoldgico,
especificando os objetivos a serem alcancados.

Materials and Methods: As 26 amostras analisadas quando classificadas segundo
De Ros & Oliveira (2023) correspondem a quais litotipos? Seria interessante incluir
uma figura da distribuicdo das amostras no poc¢o estudado.

Results and discussions: Sugere-se a inclusdo de dados petrogréficos para
embasar a discussdo das relacbes paragenéticas entre 0s constituintes
carbonéticos e os argilominerais. As imagens de MEV estdo Otimas, sugere-se
complementar as legendas com as relacdes observadas entre os carbonatos e os
argilominerais.

Em quais litotipos (segundo a classificacdo De Ros & Oliveira, 2003) predominam a
saponita ou a kerolitatestevensita? A dissolu¢cdo dos carbonatos poderia prover
elementos para adsorcao nos argilominerais?

Por fim, parabenizo o Luis Adriano Silva e seu orientador André Mexias pela
excelente pesquisa.

J/— 'l Focku s
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A dissertacdo apresentada pelo discente Luis Adriano Carvalho da Silva esta
devidamente organizada e formatada. Apresenta com clareza e através de uma
excelente redacdo o contexto geologico, estado da arte, materiais e métodos,
resultados e discussdes, conclusdes, bibliografia e em anexo consta o artigo
submetido. O tema apresenta grande relevancia para a exploracdo de recursos
energéticos e contribui para a compreensdo do ambiente geoldgico do Pré-sal
brasileiro. O objetivo do trabalho é identificar os argilominerais magnesianos
presentes em testemunhos da Formagédo Barra Velha na Bacia de Santos. O
estado da arte apresenta os argilominerais e suas caracteristicas de maneira muito
satisfatdria. A Unica contribuicdo que eu acrescentaria seria uma introducdo sobre
as condicbes geoquimicas (alcalinidade, Pco, salinidade e pH) e a sua relacdo
com a formacédo de argilominerais magnesianos. Porém, percebe-se que no artigo
submetido essa discussédo € apresentada. As técnicas analiticas utilizadas séo
adequadas e possibilitam a caracterizacdo mineralégica de maneira a contribuir
com a identificacdo das fases minerais. Os resultados e discussdes sao
apresentados na forma de sintese uma vez que no artigo 0 autor apresenta em
detalhe. O artigo submetido esta coerente com o texto apresentado na dissertacéo
e permite avaliar o avanco nas discussfes de maneira que o discente demonstra
compreensdo da caracterizagdo mineraldgica realizada permitindo atribuir cenérios
geoquimicos e sedimentoldgicos aos dados. Com grande satisfacdo meu parecer é
a atribuicdo do conceito “A”.
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