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RESUMO
O periodo Ediacarano foi caracterizado pelo estabelecimento de plataformas extensas durante
eventos de superssaturacdo de CaCQO3, e pela criacdo excepcional de espaco de acomodacao
associado ao final da glaciacdo Marinoana (~ 635 Ma). Os depositos carbonaticos no Grupo
Araras registram a precipitacdo do inicio do periodo Ediacarano, estagio 1, no Craton Amazo-
nico. A Formac&o Serra do Quilombo é uma unidade intermediéria e é caracterizada pela ocor-
réncia de dolomitos fortemente fraturados e falhados, além da presenca de brechas cimentadas
por dolomita (BC) sobrepondo pacotes espessos de calcario associados a modificacdes diage-
néticas e hidrotermais, essas evidéncias introduzem complexidade a esses cenarios. A origem
desse depdsito ainda € incerta, pois os trabalhos concentraram-se principalmente nas questes
paleoambientais. Este estudo visa desvendar a origem das brechas cimentadas e 0s processos
diagenéticos/soterramento dentro da unidade, com foco nos processos de dolomitizacdo. As
amostras de dolomita foram analisadas usando petrografia, microscopia eletrénica de varredura,
microsonda, microscopia Raman, catodoluminescéncia e analises isotopicas (83C, &0,
87Sr/8Sr) para desvendar sua historia de soterramento. As BCs ocorrem como corpos subverti-
cais a sub-horizontais com geometrias complexas, geralmente, cortam em alto angulo o acama-
mento que apontam para processos de hidrofraturamento relacionados a fluxos verticais de flu-
idos hidrotermais (brecha hidraulica), além disso apresentam a textura cockade tipica de bre-
chas de expansdo em falhas dilatacionais. A assembleia paragenética dessas rochas inclui: do-
lomita, quartzo, calcita, alcali-feldspato, apatita, pirita, clorita, betume e éxido de ferro; sendo
as feicOes de substituicdo (RD) e cimentacdo dolomitica (DC) os principais alvos de analise. A
matriz substitutiva quase-micritica (RD1/RD2) é o principal constituinte da Formacdo Serra
Quilombo, sua baixa correlagdo entre os valores de 5'3C e 5'80 (R2=0,009), a fabrica bem pre-
servada e a similaridade com os valores isotopicos (C e Sr) documentados para os carbonatos
ediacarano, sugere que a dolomitizacdo desse constituinte ocorreu em condi¢cdes de soterra-
mento raso e ainda com participacao da &gua do mar. A primeira geracao de cimento dolomitico
(DC1) e a ultima fase cimentacdo dolomitica (dolomita em sela - DC3) ocorrem preenchendo
poros, BCs e fraturas. A textura cockade das brechas evidencia uma baixa taxa de precipitacdo
ou uma pausa na precipitagdo entre DC1 e DC3. Concomitantemente, DC1 tem sinais isotopicos
de 880 = -4.34 £ 1.32%0 (n=18) e 8’Sr/%®Sr = 0,708831 (n=2), enquanto que DC3 tem valores
de 880 =-9.57 +2.51%0 (n=15) e Sr/®Sr = 0,711464 (n-3); a grande diferenca isotopica entre
as duas fases cimentagdo mostra uma distingdo entre os fluidos dolomitizantes. Essa relagéo
mostra um aumento do &’Sr no fluido & medida que a temperatura aumenta, além disso, o enri-

quecimento em 8'Sr do fluido é explicado pela interagdo desse fluido com rochas do
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embasamento cristalino. Dessa forma, o conduto principal para a ascensdo de fluido radiogéni-
cos seria falhas com raizes profundas, espacialmente préximas de zonas tectonicamente ativas.
A ocorréncia de BC, essencialmente, na Formacao Serra do Quilombo é decorrente do contato
calcario-dolomito ser interpretado como facilitador para o desenvolvimento de corredores de
fraturas, essas zonas auxiliam na percolacédo de fluidos hidrotermais. Por fim, entende-se que
0s condutos com brecha carbonatica sdo posteriores ao evento de silicificagdo dos evaporitos
da Formacdo Nobres a qual funcionaram como uma rocha selante aos fluidos hidrotermais. A
presenca de estildlitos tecténicos cortando as brechas cimentadas e as estruturas stratabounds
tipo zebra, subverticalizadas € uma indicacdo de que as BC ja estavam formadas durante a ins-
talacdo das estruturas transtensionais pds-Ordoviciano, que precedeu a instalagdo das Bacias do

Paleozoico implantadas na Plataforma Sulamericana.

Palavras-chave: dolomitizacdo; silicificacdo; brecha cockade; Grupo Araras; Neoproterozoico



ABSTRACT
The Ediacaran period was characterized by the establishment of extensive platforms during
CaCOa3 supersaturation events, and by the exceptional creation of accommodation space asso-
ciated with the aftermath of the Marinoan glaciation (~635 Ma). The carbonate deposits in the
Araras Group recorded sedimentation from the beginning of the Ediacaran period, stage 1, in
the Amazon Craton. The Serra do Quilombo Formation is a distinct unit characterized by the
occurrence of strongly fractured dolomites and faults, along with the presence of dolomite-
cemented breccias (BC) overlying thick packages of limestone associated with diagenetic and
hydrothermal modifications. This evidence introduces complexity to these scenarios. The origin
of this deposit is still uncertain, as work has mainly focused on paleoenvironmental issues. This
study aims to unravel the origin of cemented breccias and diagenetic/burial processes within
the unit, focusing on dolomitization processes. The dolomite samples were analyzed using pe-
trography, scanning electron microscopy, microprobe, Raman microscopy, cathodolumines-
cence, and isotopic analyses (613C, 6180, 87Sr/86Sr) to unravel their burial history. BCs occur
as subvertical to subhorizontal bodies with complex geometries, generally cutting through be-
dding at a high angle, indicative of hydrofracturing processes related to vertical flows of
hydrothermal fluids (hydraulic breccia), in addition to exhibiting the typical cockade texture of
expansion breccias in dilatational faults. The paragenetic assemblage of these rocks includes
dolomite, quartz, calcite, alkali-feldspar, apatite, pyrite, chlorite, bitumen, and iron oxide, with
the replacement features (RD) and dolomite cementation (DC) being the main targets of
analysis. The almost micritic substitutive matrix (RD1/RD2) is the primary constituent of the
Serra Quilombo Formation, with its low correlation between the values of 613C and 6180
(R2=0.009), well-preserved fabric, and similarity to the isotopic values (C and Sr) documented
for Ediacaran carbonates, suggesting syndepositional dolomitization of this constituent under
conditions of shallow burial, possibly involving seawater. The first generation of dolomite ce-
ment (DC1) and the last phase of dolomite cementation (saddle dolomite - DC3) occur by filling
pores, BCs, and fractures. The cockade texture of the breccias highlights a low precipitation
rate or a pause in precipitation between DC1 and DC3. Concomitantly, DC1 has isotopic signals
of 8180 = -4.34 + 1.32%0 (n=18) and 87Sr/86Sr = 0.708831 (n=2), while DC3 has values of
0180 =-9.57 £ 2.51%0 (n=15) and 87Sr/86Sr = 0.711464 (n=3). The significant isotopic diffe-
rence between the two cementation phases indicates distinct dolomitizing fluids. This relations-
hip shows an increase in 87Sr in the fluid as the temperature increases. Furthermore, the en-
richment of 87Sr in the fluid can be explained by its interaction with crystalline basement rocks.

Thus, faults with deep roots spatially close to tectonically active zones are likely the main



conduits for the ascent of this radiogenic fluid. The occurrence of BCs, essentially in the Serra
do Quilombo Formation, is attributed to the limestone-dolomite contact and was interpreted as
facilitating the development of fracture corridors, which assist in the percolation of hydrother-
mal fluids. Finally, it is understood that the conduits with carbonate breccia are subsequent to
the silicification event of the evaporites of the Nobres Formation, which acted as a sealing rock
for hydrothermal fluids. The presence of tectonic stylolites cutting the cemented breccias and
the subverticalized zebra-like stratified structures indicates that the BCs were already formed
during the installation of post-Ordovician transtensional structures, preceding the installation

of the Paleozoic Basins on the South American Platform.

Keywords: dolomitization; silicification; cockade breccia; Araras Group; Neoproterozoic
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1 INTRODUCAO
1.1 APRESENTACAO

Extensas plataformas carbonéticas foram instaladas apds o evento glacial Marinoano
(~635 Ma; Snowball Earth) marcando o inicio das condicGes de greenhouse e supersaturacao,
concomitante com a cria¢do do espago de acomodacdo gerados pelo ajuste glacio isostatico e
transgresséo de longa duracdo (Hoffman et al. 2017, Nogueira et al. 2022). Depositos carboné-
ticos que registram esse periodo afloram no sul do Craton Amazénico (Fig. 1) e séo associados
ao Grupo Araras, inserido na Bacia Araras Alto Paraguai (BAAP). O Grupo Araras sobrepde
os diamictitos glaciais da Formacao Puga (Criogeniano) e é subsubdivido segundo a proposta
de Nogueira & Riccomini (2006) em 4 Unidades litoestratigraficas, sendo elas as formacGes

Mirassol d’Oeste, Guia, Serra do Quilombo e Nobres.

O Ediacarano é marcado por intensas mudancas paleoceanograficas, paleoclimaticas e
bioevolutivas (Kaufman & Knoll 1995, Jacobsen & Kaufman 1999). Os precipitados carbona-
ticos marinho registram bem as condic¢des das dguas dos oceanos (Halverson et al. 2007, No-
gueira et al. 2019); dessa forma, a analise desse material, quando bem preservado, tem exercido
papel importante para entender as condi¢Bes que moldavam determinada regido. Além disso,
o0s carbonatos ediacaranos comumente compartilham uma similaridade nas variacdes isotopicas
87Sr/%8Sr e nas excursdes isotopicas de carbono (8*3C), seguindo as tendéncias estratigraficas e
mudancas do nivel do mar (Jacobsen & Kaufman 1999, Halverson et al. 2007, Nogueira et al.
2007,2019), sendo importantes para correlacdes estratigréaficas regionais e globais, com impli-
cacOes na evolucdo do Neoproterozoico. Porém, processos diagenéticos durante o soterramento

podem gerar sobreposic@es das assinaturas primarias (Soares et al. 2020, Santos et al. 2023).

A descricdo e sequenciamento diagenético dos componentes das formacgdes Guia e Mi-
rassol d’Oeste sdo bem detalhados (Soares et al. 2020, Santos et al. 2023), podendo ser utilizada
uma abordagem multiproxie pontual nos constituintes primarios para correlagdes a niveis glo-
bais, sem haver preocupacdo de ruido nos dados por sobreposi¢des de eventos diagenéticos.
Entretanto, pouco se sabe sobre como a histdria do soterramento afetou as assinaturas primarias
das Unidades do topo do Grupo Araras (formacdes Serra do Quilombo e Nobres), assim como,
sobre a origem da dolomitizacao e dos demais precipitados, se deposicionais, diagenéticos, tec-

tbnicos ou hidrotermais.



B Age Lithostratigraphy

%)

Ordovician-Silurian Paleozoics
Units

Ordovician? Di tino
Formation

Sepotuba
Formation

Alto Paraguai Group
(
(

Cambrian Séo Vincente
(~518 Ma) Granite

S — e —
Cambrian oo
(~528 Ma)

(

<
x 4 PN NN

Amazon 4
Craton 5
| A
X y\Q?’b o A/‘/ Nobres
- Formati
/) ,‘\AQ' éb / A Gu;a ormation
. g N ¢/ > = A 7 ]
Mirassol:} & S/ e y
f S ) = ol pe—p—
g &) P 4=, CUIABA € 7S
{ Q'b ¢/ ¥ A ARE SRS N A Serra do Quilombo A
J @0 A & 2 (ndes) Lower g_ Formation A,
= f/ o/ - = J— Ediacaran o A
Cécer A °1| (~635-614 Ma) |O® —
é? o2 2]
( 5 S 1 |
/B) o
/" w‘q} E Guia Formation 1]

0nA’ Mirassol d’ Oeste <%
58°00 Cryogenian-Ediacaran Formation T
Boundary L
A A

|
’ : . A A : ~650 - 635 Ma ;
Crystalllne rocks |* 4Diamictite Brecma (Marinoan glaciation) Puga Formation |ao A 4
A
~ i . = = MY AN aYa¥a Y aV aN aN s
. B2 2 2 2 e T aNT INT N
Phyllites, quartzites metapelites Pelite S

= e

== | . Cubd oo R
I:Dolostoneﬁleestone/ShaIe -Granite (ParaguaiReR) '_,,..‘_,-',.a:
“|Sandstone () Study area EIUnconformity Proterozoic Basement RN
T No scale
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Além disso, a zona de transi¢cdo da Formacéo Guia (calcario) para a Formacao Serra do
Quilombo (dolomito), objeto deste estudo, é marcado pelo intenso fraturamento e brechas pre-
enchidas por cimento dolomitico, sendo essa litologia descrita como uma litologia diagndéstica
para identificacdo da Formacao Serra do Quilombo (Nogueira & Riccomini 2006, Milhomem
et al. 2013, Nogueira et al. 2019). A brecha cimentada (BC) foi inicialmente interpretada como

resultado de sismicidade (Nogueira & Riccomini 2006) e posteriormente associada a processos



tectdnicos/hidrotermais (Milhomem et al. 2013). Porém, como os trabalhos anteriores focaram
em reconstrucOes paleoambientais, pouco se discutiu sobre a origem das brechas.

As BC’s sdo amplamente discutidas na literatura, principalmente devido as suas pers-
pectivas econémicas como depdsitos de Dolomita Hidrotermal Estruturalmente Controlada
(HTD; Machel & Lonnee 2002, Davies & Smith 2006). A importancia dessa litologia se da
devido ao fato de abrigarem depositos de chumbo e zinco do tipo Mississippi Valley (MVT),
assim como a sua importancia nos depdsitos de hidrocarboneto; o fluxo ascendente de fluidos
de alta temperatura passando através de pacotes sedimentares pode gerar calor suficiente e for-
car a maturacdo da matéria organica, além de influenciar na migracdo e aumentar a permopo-
rosidade dos reservatorios (Machel & Lonnee 2002, Davies & Smith 2006, Martin-Martin et
al. 2015, Navarro-Ciurana et al. 2016, Koeshidayatullah et al. 2020a,2020b, Lima et al. 2020,
Stacey et al. 2021, Yang et al. 2022).

Apesar do avango no entendimento dos aspectos paleoambientais na Sucessdo (No-
gueira et al. 2022 e suas referéncias) poucos trabalhos abordaram como os aspectos pos-depo-
sicionais afetaram os carbonatos, bem como a relacéo dessas rochas com os eventos da BAAP.
Portanto, é importante compreender a origem e os mecanismos de circula¢do dos fluidos do-
lomitizantes, bem como sua correlacdo com as condi¢fes marinhas ediacaranas e com o0s even-
tos geodinamicos pds-deposicionais, para desta forma tecer informacdes sobre a formacao das

fases minerais.

1.2 LOCALIZACAO E ACESSO

A area de estudo localiza-se na regido Centro-Oeste do Brasil, na porcao sudoeste do
estado do Mato Grosso (MT), nos municipios de Caceres e Nobres (Fig 2), onde ocorrem as
exposicdes das rochas carbonaticas do Grupo Araras. Os afloramentos selecionados encontram-
se em frentes de lavras de pedreiras e exibem boa preservacao das estruturas e fei¢oes, que
ocorrem por vezes, em se¢des continuas com até 100 metros de altura. As se¢des estudadas
foram as pedreiras calcitica e dolomitica da empresa Emal/Camil a sudeste de Caceres, e uma

pedreira inativa, ao sul de Nobres.
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1.3 OBJETIVOS

O objetivo deste trabalho é fornecer o conjunto completo de dados de campo, caracte-
risticas petrograficas e geoquimicas das rochas carbonaticas da Formacéo Serra do Quilombo,
para:
(1) Desvendar a evolucdo diagenética dos dolomitos da Formacao Serra do Quilombo com
énfase nos processos de substitui¢do e cimentacgéo;
(i)  Determinar e compreender a composicdo e origem dos diferentes fluidos dolomiti-
zantes;
(ili)  Determinar os controles e origem das brechas cimentadas;

(iv)  Correlacionar o produto obtido com eventos geotectdnicos regionais.



2 METODOLOGIA
2.1 LEVANTAMENTO BIBLIOGRAFICO

Foram utilizados trabalhos relativos a geologia regional das rochas do sul do Craton
Amazonico, bem como de outras regides do mundo onde ocorrem deposicdo de brechas car-
bonaticas em contexto tectonico e composicional semelhante. Além disso, foram pesquisadas
relagdes texturais e petrogréficas de rochas carbonaticas no mesmo contexto, assim como tra-
tamento de dados geoquimicos dessas rochas.

2.2 AMOSTRAGEM

Para esse estudo, as amostras foram caracterizadas e coletadas em campo seguindo cri-
térios de diferenciacdo por: facies sedimentares, litologia, texturas, geometrias e estruturacao.
Sendo o enfoque maior nas zonas brechadas e fraturadas. Foram coletadas 183 amostras em
afloramentos ao longo das secdes estratigraficas da Formacdo Serra do Quilombo e unidades
adjacentes.

2.3 PETROGRAFIA

Foram selecionadas 129 amostras para confec¢do de laminas polidas (30 pm de espes-
sura) no laboratério de laminacdo da Faculdade de Geologia (FAGEOQ) e descritas com auxilio
de microscoépio petrografico de luz polarizada do Grupo de Anélise de Bacias Sedimentares da
Amazonia (GSED). Com as laminas foi realizado petrografia quantitativa dos aspectos texturais
e composicionais dos constituintes singenéticos, diagenéticos e hidrotermais. Posteriormente
utilizou-se a catodoluminescéncia (CL), utilizando o microscopio 6ptico LEICA DM 4500 P
LED acoplado a catodoluminescéncia optica CL 8200 MK5-2 no Laboratério de Catodolumi-
nescéncia da Universidade Federal do Para. As condi¢des de andlise foram as seguintes: cor-
rente elétrica variando de 15,1 a 15,9 kV; tensdo de aceleracdo variando de 266 a 448 A, e
tempo de exposicdo de 10 s. O objetivo foi diferenciar a assembleia mineraldgica, com foco
particular nas geracdes de cimentacdo e substituicdo dolomitica, que segue 0 modelo proposto
por Sibley & Gregg (1987).

O refinamento textural e mineraldgico foi realizado atraves do microscépio eletrénico
de varredura-espectroscopia de energia dispersiva (MEV-EDS), obtidos parcialmente no Labo-
ratorio de Microanalises do Instituto de Geociéncias (IG) da UFPA. O equipamento utilizado
foi um Zeiss SEM modelo SIGMA-VP com EDS IXRF modelo Sedona-SD acoplado; e outra
parte dos dados no microscopio eletrénico de varredura Zeiss modelo SIGMA-VP com EDS
IXRF modelo Sedona-SD acoplado, que pertence ao Servico Geoldgico do Brasil (CPRM —
Superintendéncia de Belém - PA). As condicdes de operagdo foram: corrente do feixe de elé-

trons = 80 pA, voltagem de aceleragdo constante = 20 kv, distancia de trabalho = 10,1 mm,



tempo de contagem para anélise dos elementos = 30 s. E as condi¢des de anélises para as ima-
gens de elétrons secundarios e elétrons retroespalhados serdo: corrente do feixe de elétrons =
80 pA, voltagem de aceleragdo constante = 20 kv, distancia de trabalho = 8,5 mm.

2.4 GEOQUIMICA

2.4.1 Elementos maiores e menores

Os dados de elementos maiores e menores foi realizado por microssonda eletronica
(EMPA) utilizando uma microssonda eletrénica JEOL JXA-8100 com sistema dispersivo de
comprimento de onda no Departamento de Geologia da Universidade Estadual Paulista, Brasil.
O instrumento foi operado com trés espectrometros de cristal, com tensdo de aceleracédo e cor-
rente de amostra de 15kV e 20mA, respectivamente. O didmetro do ponto do feixe utilizado
para analise quantitativa dos elementos foi de 1 um. Os padrdes utilizados foram PH de barita
para Ba e S, PH de celestina para Sr e PH de wollastonita para Si. O limite de detec¢do da
andlise da microssonda foi de aproximadamente 280 ppm para cada elemento.

2.4.2 Is6topos de Carbono e Oxigénio

Para a medicdo das composi¢oes isotopicas de carbono e oxigénio, os carbonatos foram
amostrados por meio de microperfuracdo, para obtencdo pontual de cada constituinte. As ana-
lises foram realizadas parcialmente no espectrdmetro de massas fonte de gas, Delta V Advan-
tage — Gas Bench 2 da Thermo ScientificTM, nas dependéncias do Laborat6rio de Geologia
Isotépica (LGI) da Universidade Federal do Rio Grande do Sul (UFRGS); e outra parte das
analises no espectrometro de massas SIRA Il com dupla admissao e coletor triplo do Laborato-
rio de Is6topos Estaveis (LABISE) do Departamento de Geologia da Universidade Federal de
Pernambuco (UFPE). O método de preparo das amostras foi com uma quantidade de aproxi-
madamente 300 pug de cada amostra (pulverizada) foi adicionada dentro de um tubo de vidro de
12 ml, com tampa de plastico e septo de silicone. No amostrador do equipamento todas as
amostras e padrdes analiticos utilizados para a analise da batelada, foram organizados. Os pa-
drdes utilizados foram:

NBS18 (8*3C = -5,01 %ovros; 8*30 = -23,20 %ovros), IAEA CO1 (8%3C = 2,49 %ovrpe; %0 =
-2,40 %ovrpe), REI 1 (813C = -7,85 %ovrps; 8120 = -7,90 %ovros) € BSB (8%°C = 2,10 %ovrDs;
5180 =-2,00 %ovrDB).

Ap0s, as amostras e padrbes passaram pelo procedimento de Flush, que consiste na
substituicdo do ar atmosférico do tubo que contém as amostras pelo géas inerte He (99,999% de
pureza). Em seguida, aproximadamente trés gotas de acido fosforico concentrado e isento de
umidade, foram adicionados em cada tubo para reagir com as amostras de carbonato, de acordo

com a seguinte equacao:



3 CaCO03 (s) + 2 H3PO4(I) —— Ca3(P04)2(l) + 3C02(g) + 3H20(1)

O tempo de reacdo para cada amostra foi de uma hora na temperatura de 70°C. A partir
disso, 0 gas de CO2 produzido no tubo, a partir da referida reacdo, foi analisado. Os valores de
delta (33C e 5'%0) sdo expressos em permil (%o), e foram corrigidos por meio de curva de
calibracdo construida a partir de anélises dos padrdes utilizados na batelada.

2.4.3 Is6topos de estroncio

As analises isotopicas do Sr foram realizadas parcialmente no Laboratdrio de Geologia
Isotopica da UFPA (Para-1so) utilizando a técnica MC-ICP-MS (Multi Collector — Inductively
Coupled Plasma — Mass Spectrometry). O espectrometro utilizado foi um NEPTUNE (Thermo
Scientific) com analisador de energia (ESA) e aplicador de massa do setor magnético. Outra
parte das andlises foi realizada no Laboratdrio de Geologia Isotdpica da Universidade Federal
do Rio Grande do Sul (UFRGS) utilizando o espectrdmetro Thermo-Finnigan, modelo Triton,
multicoletor equipado com 9 coletores Faraday, multiplicador axial de elétrons e 6 MICs (canal
multi-fon). As razdes 8'Sr/%Sr obtidas no padrdo NBS 987 neste equipamento apresentam um
valor médio de 0,710240 £ 0,00009. O sistema de deteccao estd equipado com nove coletores
tipo Faraday, seis contadores de ions (MIC) e um multiplicador de elétrons (SEM). As opera-
cOes de rotina foram realizadas sob as seguintes condi¢des: Energia da Radio frequéncia (RF)
= 1100 Watts; Gas de resfriamento = 15 L/min.; Gés auxiliar = 0.70 L/min.; Fluxo de gés na
amostra = 1 L/min. A determinac&o da composic&o isotopica 8’Sr/%Sr dos carbonatos foi reali-

zada através do procedimento de lixiviacdo sequencial desenvolvido por Bailey et al. (2000).



3 FUNDAMENTAC}AO TEORICA
3.1 DOLOMITIZACAO

Os dolomitos sao formados em muitos ambientes diagenéticos, desde os superficiais até
aqueles formados em grande profundidade de soterramento (Warren 2000). Porém, a dolomita
(Fig. 3) é praticamente ausente na maioria dos ambientes deposicionais marinhos carbonaticos
modernos, apesar de existir em grande quantidade ambientes propicios para a precipitacdo; es-
tes que sdo ambientes com temperaturas relativamente altas (35 a 40 <C), altas taxas de evapo-
racao e alta relacdo Mg/Ca promovida pela precipitacédo de sulfatos (Sibley e Gregg 1987, War-
ren 2000). Assim, varios modelos foram desenvolvidos buscando explicar a composi¢do e 0s

padrdes de fluxo de fluidos responsaveis pelo processo de dolomitizacao.
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ideal mostrando como as moléculas de agua estdo preferencialmente ligadas a cations na superficie do cristalito
em crescimento. Como os ions Ca ndo séo tdo fortemente hidratados quanto os ions Mg, eles tendem a ser incor-
porados na camada de magnésio, criando uma dolomita célcica tipica. Os ions carbonato ndo séo hidratados, mas
devem ter energia suficiente para deslocar as moléculas de 4gua adjacentes a camada de cations. Extraido de War-
ren, (2000)

Além da precipitagdo sinsedimentar, a dolomita também pode ser formada a partir da
alteracdo diagenética precoce de calcarios ricos em Mg (Tucker 1990, Font et al. 2006). Dessa
forma, elaborou-se trés classificagdes genéticas, para a precipitacdo de dolomita: a) precipitacdo
primaria mediada por comunidades microbianas através de processos de organomineralizacéo

(Dupraz et al. 2009); b) dolomitizacdo diagenética precoce, gerada por precipitacdo logo apds



deposicéo, a partir de fluidos superficiais supersaturados (Warren 2000); e ¢) dolomitizagéo
diagenética tardia, onde h& a substituicdo através da reacdo de fluidos diagenéticos em condi-
cOes de soterramento mais avancados, pode ser gerada por influéncia de fluidos hidrotermais
ou salmouras formadas por dissolugédo de evaporitos em subsuperficie (Kaldi e Gidman 1982,
Spencer 1987, Machel & Lonnee 2002, Davies & Smith 2006).

O trabalho recente de Kim et al. (2023) mostrou usando simulagdes atomisticas, que a
dolomita inicialmente precipita uma superficie desordenada por cétions, onde altas deforma-
¢Oes superficiais inibem o crescimento adicional de cristais. No entanto, a subsaturacdo suave
dissolve preferencialmente estas regides desordenadas, permitindo um maior ordenamento apés
a reprecipitacdo. As simulacdes realizadas pelo autor mostram que o ciclo frequente de uma
solucdo entre supersaturada e subsaturada pode acelerar o crescimento da dolomita em até sete
vezes mais. Este mecanismo explica porque a dolomita moderna é encontrada principalmente
em ambientes naturais com flutuacdes de pH ou salinidade. De forma mais geral, revela que o
crescimento e amadurecimento de cristais livres de defeitos pode ser facilitado por periodos

deliberados de dissolucdo suave.

Sibley & Gregg (1987) propde uma classificacdo (Fig. 4) para as texturas dolomiticas
de acordo com a distribui¢do do tamanho do cristal e o formato da borda do cristal. O esquema
de classificacdo apresentado pelo autor é amplamente descritivo, mas traz implicacfes genéti-
cas porque a distribuicdo do tamanho do cristal é controlada tanto pela nucleacdo, quanto pela
cinética de crescimento, e a forma da borda do cristal € controlada pela cinética de crescimento.
As distribuicfes de tamanho séo classificadas como: unimodais ou polimodais. As formas dos
limites do cristal sdo classificadas como: planar ou ndo planar. Se a evidéncia permitir, uma
classificacdo completa inclui uma descricdo de aloquimicos reconheciveis, matriz e preenchi-
mento de poros. Aloquimicos e cimentos preexistentes podem: ndo ser substituidos, parcial-
mente substituidos, substituidos mimicamente ou substituidos ndo mimicamente; os aloquimi-
cos podem ser dissolvidos, deixando moldes. A matriz pode: ndo ser substituida, parcialmente
substituida ou completamente substituida por dolomita. As distribui¢fes de tamanho unimodais
geralmente indicavam um Unico evento de nucleagdo em um substrato unimodal. Os tamanhos
polimodais podem ser formados por multiplos eventos de nucleagdo em um substrato unimodal
ou polimodal ou por nucleacéo diferencial em um substrato originalmente polimodal. Os limites
planares dos cristais se desenvolvem quando os cristais sofrem crescimento facetado, e os limi-
tes ndo planar se desenvolvem quando os cristais sofrem crescimento ndo facetado. Limites ndo

planares sdo caracteristicos de crescimento em temperatura elevada (> 50 "C) e/ou alta
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supersaturacdo. Tanto a dolomita planar, quanto a ndo planar podem se formar como um ci-
mento, substituicdo de CaCO3 ou neomorfismo de uma dolomita precursora.

Planar or Idictopic dolomite - obvious rhombs Nonplanar or Xenotopic dolomite - nonrhombic

Nonplanar: closely packed
anhedral crystals with mostl
Planar-e (euhedral): most of the curved, |0brg¢e, serrated, or y
dolomite crystals are euhedral otherwise irregular
rhombs; crystal-supported intercrystalline boundaries.
framework with intercrystalline Preserved crystal face junctions
areas filled by another mineral are rare and crystals often have
‘L1 or porous {as in sucrosic undulatory extinction in crossed
! | texture). polarized light
7 3.\ Idiotopic Mosaic ~ 0 i i
/\ / _ P 33 Xenotopic Mosaic
) gn 3
o g—>
fe 3
o2 7
(.‘; E,- ~{ Nonplanar - cement: pore lining
—3 of saddle -shaped or baroque

Planar-s (subhedral): most
dolomite crystals are subhedral
to anhedral with straight,
compromise boundaries and
many crystal face junctions.
Low porosity and/or low
intercrystalline matrix

dolomite (subset of nonplanar
anhedral shown above)
Preserved crystal face junctions
are rare and crystals often have
undulatory extinction in crossed
polarized light

Hypidiotopic Mosaic Xenotopic Cement

Figura 4 - Texturas de dolomita comum, enfatizando o efeito da temperatura no estilo de desenvolvimento da
dolomita (Gregg e Sibley 1984, Sibley e Gregg 1987). Extraido de Warren (2000).

3.2 ALTERACAO HIDROTERMAL EM CARBONATOS

A alteracdo hidrotermal em depositos carbonaticos é um fendmeno complexo e hetero-
géneo que ocorre em varias bacias sedimentares ao redor do mundo, geralmente associada a
presenca de sistemas de falhas e fraturas. A evolucéo diagenética desse tipo de sistema envolve
processos como dolomitizacao, silicificacdo e dissolucdo, muitas vezes em profundidades rasas
e ao longo de lineamentos estruturais (Machel & Lonnee 2002, Davies & Smith 2006, Callot et
al. 2010, Fontana et al. 2010).

O conceito de alteracdo hidrotermal tem sido amplamente debatido pela comunidade
cientifica, com diferentes definicGes e significados sendo aplicados em diversos contextos ge-
oldgicos (Machel & Lonnee 2002, Davies 2002, Lonnee & Machel 2006, Davies & Smith
2006). A dolomitizacao hidrotermal, por exemplo, € produzida por fluidos hipersalinos com
temperatura e pressé@o maiores do que os da rocha encaixante (Davies & Smith 2006). Enquanto
que, a silicificacdo hidrotermal afeta pacotes carbonaticos, embora em menor escala do que a
dolomitizacéo, e geralmente ocorre de forma subordinada aos dolomitos hidrotermais (Packard

et al. 2001). A formacdo de minerais hidrotermais em depdsitos carbonaticos ocorre em
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resposta a intera¢do das rochas com fluidos aquecidos, resultando na precipitacdo de carbona-
tos, sulfetos, sulfatos, entre outros minerais (Machel & Lonnee 2002, Davies & Smith 2006).

A definigéo de alteracdo hidrotermal varia, desde aquela que considera apenas a tempe-
ratura dos fluidos até aquela que leva em conta também a pressdo e a composi¢do quimica
(White 1957, Winge 2018). Para alguns autores, a alteracdo hidrotermal envolve transforma-
¢Oes mineraldgicas, texturais e quimicas das rochas em resposta a mudancas térmicas e/ou qui-
micas causadas por fluidos aquecidos em desequilibrio fisico-quimico (Henley & Ellis 1983).
A definicdo de White (1957) é a mais aceita, a expressdo “hidrotermal” deve ser usada para
solucgdes aquosas que fossem consideravelmente mais quentes (5 °C ou mais) do que seu am-
biente circundante, sem delimitar limites temperatura fixas ou implica¢fes genéticas em relacéo
a fonte de fluido. De acordo com essa definicdo, todas as transformacgdes mineraldgicas que
ocorrem em rochas afetadas por solu¢Ges aquosas aquecidas e em desiquilibrio fisico-quimico,

podem ser consideradas altera¢6es hidrotermais.

3.2.1 Dolomita hidrotermal estruturalmente controlada (HTD)

Os depositos HTD, juntamente com depositos carbonaticos cogenéticos associados, sao
importantes produtores de hidrocarbonetos na América do Norte e em outras bacias sedimen-
tares pelo mundo. Analises estruturais e petrograficas podem ajudar a localizar &reas potenciais
com atividade hidrotermal relacionada a falhas. (Al-Aasm 2003, Davies & Smith 2006). Davies
& Smith (2006) definem a dolomitizacdo hidrotermal como aquela que ocorre sob condi¢bes
de soterramento, comumente em profundidades rasas, desenvolvida ao longo de lineamentos
estruturais e por fluidos hipersalinos apresentando temperatura e pressdo maiores do que as que

ocorrem na formacdo encaixante.

O fluxo de fluidos ascendem através dos sistemas de falhas, tanto o fluxo de calor quanto
o0 transporte de ions em solugdo nesse sistema sdo realizados principalmente por adveccao, na
proximidade dos condutos. Nas zonas distais as falhas, a influéncia do fluido é determinada por
um gradiente de pressdo de poros que decresce a medida que se afastam mais. A distribuicéo e
geometria das facies deposicionais presentes nos carbonatos hospedeiros exercem um papel
importante para a extensdo lateral das fabricas e texturas da dolomitizacdo nas rochas, bem
como para os tipos, volume e distribuicdo da porosidade (Fig. 5; Martin-Martin et al. 2015).
Esse depdsito comumente ocorre em regime tecténico extensional, com o fluxo dos fluidos
aquecidos normalmente concentrado nas porcdes transtensionais e/ou dilatacionais (Davies &
Smith 2006).
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A maioria dos depositos de dolomitos hidrotermais no registro geoldgico foi formada
em um contexto de soterramento raso (< 1 km) e relativamente precoce (Davies & Smith
2006, Barale et al. 2016). As solucGes hidrotermais, fluindo através de falhas profundas, tem
temperatura, salinidade e acidez mais alta que os fluidos sedimentares mais rasos, favore-
cendo a dissolucdo. Dessa forma, a variacdo na pressao parcial de CO2 e de outros fatores
sensiveis a pressdo podem também ser significativos nesse mecanismo. Davies & Smith
(2006) destaca as principais feicdes que podem exercer um forte controle sobre a formagéo e
adisposicdo dos HTDs séo as seguintes: altos estruturais do embasamento, pacotes de arenitos
e/ou carbonatos subjacentes constituindo aquiferos sobrepressurizados, camadas de folhelhos
e/ou rochas evaporiticas sobrejacentes formando selos impermeaveis e fontes de magnésio
(Fig. 6). Os sistemas de fluxos hidrotermais e seus respectivos produtos minerais, incluindo
a dolomita, apresentam uma maior probabilidade de ocorrer em ambientes tectonicos exten-
sionais com a presenca de um fluxo de calor elevado, muitas vezes associados a atividades
magmaticas contemporaneas (Machel &Lonnee 2002, Davies & Smith 2006). J& em bacias
fortemente compressionais e/ou de antepais (foreland), onde as temperaturas elevadas ocor-
rem em porg¢des profundas devido ao soterramento impulsionado pela tectonica, um elevado

e andmalo fluxo de calor tem menor probabilidade de acontecer (Majorowicz & Jessop 1981).
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Figura 5 - Modelo conceitual integrativo para a formagdo dos dolostones estratificados da &rea de Benicassim
baseado em observagdes de campo, dados analiticos e modelagem geoquimica. Extraido de Martin-Martin et al.
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Figura 6 - Desenho esquematico representando a influéncia exercida pelos aquiferos basais, altos do embasamento,
falhas e barreiras de fluxo verticais (selos) nos sistemasde fluxo de fluidos hidrotermais responsaveis pela formacéo
de depositos MVT e HTD. Extraido de Davies & Smith, (2006)

3.2.1.1 Dolomitaem Sela
A dolomita em sela (Fig. 7) ocorre nos dolomitos hidrotermais (HTDs) tanto substi-
tuindo os constituintes preexistentes, quanto como cimento preenchendo 0s espagos porosos;

sendo um dos produtos mais comuns desse depésito. E comum observar a presenca de
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dolomitas em sela associadas as brechas com esfalerita e galena em reservatorios HTD, porém
0 consenso geoldgico atual é que a sua presenga nem sempre é diagnéstica de uma interacéo
hidrotermal (Warren 2000, Machel & Lonnee 2002, Davies & Smith 2006).

Os dados petrograficos e geoquimicos de dolomitas em sela ao redor mundo (Warren
2000, Machel & Lonnee 2002, Davies & Smith 2006, Martin-Martin et al. 2015, Barale et al.
2016, Navarro-Ciurana et al. 2016, Koeshidayatullah et al. 2020a,2020b, Stacey et al. 2021,
Yang et al. 2022) nos revela uma tendéncia geral. A analise térmica das inclusfes indica que a
dolomita em sela precipita em &guas subsuperficiais relativamente quentes (80-180 °C), en-
guanto as composicdes das inclusbes indicam origens de salmouras basinais, com salinidades
geralmente de 4 a 8 vezes que a agua do mar. As assinaturas isotépicas mostram valores de
estroncio radiogénico elevados e de §'80 depletados, sugerindo que os fluidos interagiram com

rochas siliciclasticas e/ou com o embasamento e atingiram temperaturas elevadas.

Ainda ndo ha um consenso sobre a origem das faces curvadas dos cristais de dolomita
em sela. Radke & Mathis (1980) argumentam que a insercédo preferencial de Ca distorce a es-
trutura cristalina tridimensional do cristal. As dolomitas em sela sdo ligeiramente enriquecidas
em calcio, com varia¢des significativas na composi¢do dentro das ldaminas de crescimento in-
dividuais. O calcio é mais abundante nos apices dos cristais e nas arestas das faces que estao
em angulos mais altos em relacdo ao eixo 'c', e consequentemente mais empobrecidos em dire-
¢do ao centro das faces. Esses gradientes de composicdo ao longo das laminas de crescimento
causam a distorcdo da rede, que tem simetria trigonal correspondente a morfologia da sela. A
causa da adsorcao seletiva de ions durante o crescimento do cristal ainda esta em aberta. Os
efeitos de carga superficial, sdo a causa mais provavel, ele pode ser produzido por um fenémeno
piroelétrico em temperaturas elevadas ou pelo pH e concentragdes ibnicas dos fluidos precipi-
tantes (Radke & Mathis 1980, Spotl & Pitman 1998).
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Figura 7 - Morfologias das dolomitas - rémbico versus sela, com exemplos de dolomita em sela A) Hidrofraturas
de dolomita zebra com dolomita em sela branca espéatica nos poros (Cambriano Superior, Alberta). B) Preenchi-
mento de poros de dolomita espatica, devoniano do Canadé (imagem tem 3 ¢cm de largura). C) Faces curvas de
cristal que tipificam as dolomitas de sela (azul é porosidade impregnada com epdxi - fotomicrografia tirada em luz
ndo polarizada, imagem com 2 cm de largura. D) mesma imagem de C), mas usando nicois cruzados mostrando a
tipica extin¢do ondulante. Extraido de Warren (2019).

3.2.1.2 Dinamica dos depdsitos HTD

Em processos hidrotermais estruturalmente controlados, o sistema € episodico,
dindmico, com mudancas bruscas nas tensées aplicadas,na pressao de poros e nas taxas de fluxo
de fluidos, sendo alguns mecanismos e produtos praticamente instantaneos do ponto de vista
geoldgico (Davies & Smith 2006, Martin-Martin et al. 2015, Barale et al. 2016). Assim, o0
caminho dos fluidos hidrotermais é favorecido por fei¢des estruturais especificas como falhas
extensionais e/ou transcorrentes (strike-slip faults), falhas de rasgamento (wrench faults, deep
strike-slip faults) e cruzamentos de falhas extensionais e/ou de rasgamento, incluindo as falhas

de transferéncia. Além disso, muitos depdsitos do tipo MVT e HTD sdo formados apresentando
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uma orientagdo paralela ou quase paralela as margensdas plataformas carbonéticas, ambos con-
trolados pela reativacéo de falhas extensionais localizadas no embasamento (Martin-Martin et
al. 2015, Barale et al. 2016, Mingyou et al. 2016, Koeshidayatullah et al, 2020a,2022).

3.3 FRENTES DE DOLOMITIZACAO (DOLOMITIZATION FRONTS)

As frentes de reacdo diagenética sdo fendmenos comuns em rochas que sofreram pro-
cessos de alteracdo quimica. Essas frentes ocorrem devido a reacdo e deslocamento de um flu-
ido original por interacdo com outros fluidos de temperatura e composicédo diferentes (metas-
somatismo) em rochas quimicamente reativas e permeaveis (Hinch & Bhatt 1990, Phillips
1991). Dependendo da composicéo, temperatura e pressao dos fluidos que entram, os minerais
em solucdo podem se tornar insaturados ou supersaturados, levando & formagao de frentes de
reacao diagenética para restabelecer o equilibrio do sistema (Phillips 1991, Jupp & Woods
2003). A compreensédo da formacdo dessas frentes de reacdo envolve modelos numéricos que
avaliam a cinética da reacdo e a preservacdo de massa (Putnis 2009, Kondratiuk et al. 2015). A
ocorréncia dessas frentes em varias rochas sedimentares e metamorficas, incluindo dolomitiza-
das, tem implica¢bes em sistemas sedimentares, como controle da distribuicdo de porosidade e
acumulacdo de hidrocarbonetos e depdsitos de minérios, respectivamente (Yardley & Lloyd
1995, Koeshidayatullah et al. 2020a, 2021)

Em sistemas de dolomitizacdo estruturalmente controlados, ha um consenso geral de
que a formacéo de transi¢cdes dolomito-calcarias, denominadas aqui como “frentes de dolomi-
tizagdo”, é governada pela presen¢a de uma zona de permeabilidade ultrabaixa (barreira de
fluido) ou por mudancas no potencial e cinética de dolomitizacdo (Koeshidayatullah et al.
2020a,2021). No entanto, 0s processos reais que controlam a terminacdo abrupta dos corpos

dolomiticos, sua morfologia e dimenséo, ainda s&o relativamente pouco compreendidos.

Koeshidayatullah et al. (2021) revisa as diferentes origens e estilos de frentes de do-
lomitizacdo controladas estruturalmente no registro estratigrafico e fornece uma estrutura pa-
dronizada e uma visao quantitativa para descrever e interpretar as frentes de dolomitizacao (Fig.
8). O autor mostra que as seguintes morfologias estdo associadas aos corpos dolomiticos tabu-
lares e colunares: (i) contato lateral/frentes perpendiculares ao leito; (ii) frentes verticais de
contato/paralelas ao leito; e (iii) frentes de formato complexo na parte distal dos corpos dolo-
miticos. Esta informacéo morfoldgica, quando combinada com dados petrogréaficos detalhados,
mineraldgicos e geoquimicos, poderia ajudar a revelar com precisao 0s processos que governam

por tras da terminacdo dos corpos de dolomito e suas correspondentes geometrias de frente de
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reacdo. O autor também mostra que o primeiro tipo de frente é controlado principalmente pela
interacdo entre propriedades intrinsecas das rochas hospedeiras, fluidos dolomitizantes e pro-
cesso de auto-organizagdo. Em contraste, o segundo tipo de frente € governado pela presenca
de barreiras fluidas deposicionais, diagenéticas ou estruturais lateralmente continuas, criando
um contraste significativo de permeabilidade entre os leitos. A formagéo de frentes de formato
complexo é interpretada como controlada por uma combinagdo de composicao litoldgica origi-
nal e cinética. A interpretacdo precisa da origem e estilos das frentes de dolomitizacdo pode
aprimorar nossa compreensao dos processos de dolomitizacdo, do fluxo paleofluido e da distri-
buicdo de recursos econdmicos em plataformas carbonaticas dolomitizadas, o que pode ser de-
safiador de determinar a partir dos corpos de dolomito em si, onde passaram por multiplas fases
de recristalizacao e sobreposicdo diagenética (Koeshidayatullah et al. 2020a, 2021, 2022).
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Figura 8 - Esquema de classificagdo genética de frentes de dolomitizacéo. O painel a esquerda mostra a terminacéo
paralela ao leito, enquanto o painel a direita exibe as frentes perpendiculares ao leito e de formato complexo.

Extraido de Koeshidayatullah et al. (2021).

3.4 BRECHA (BRECCIA)

As brechas sdo rochas compostas de fragmentos angulares de granulagdo grossa, matriz

fina e/ou cimento, podendo ser formado por diversos processos, em contextos sedimentares,

tectbnicos, igneos e hidrotermais ou uma combinacao destes (Laznicka 1988, Shukla & Sharma

2018). Corpos de brecha discordantes e incoerentes, como os discutidos neste trabalho, séo

frequentemente o interpretado como resultado de colapso cérstico, falhas tectdnicas ou injegédo
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de fluido hidrotermais (Jébrak 1997, Shukla & Sharma 2018, Peacock et al. 2019). Este trabalho
dara enfase para as brechas de falhas e suas peculiaridades.

As brechas de falha sdo um produto comum ao longo das zonas de falha da crosta
superior, particularmente nos primeiros quilémetros da crosta, onde o potencial de deformacéo
dilatacional aumenta a gama de processos de formacao de brecha. A permeabilidade aumen-
tada criada nas zonas de brecha sdo importantes canais de fluidos crustais, podendo carrear
ions metalicos economicamente relevantes ou hidrocarbonetos (Woodcock & Mort 2008,
Shukla & Sharma 2018). Woodcock & Mort, (2008) propde uma classificagdo (Fig 9) ndo
genética de brechas de falhas baseado em trés critérios: a auséncia de coesdo primaria, a quan-

tidade de matriz ou cimento e a proporcao de clastos.
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Figura 9 - Sistema ternario para classificacdo morfologica de brechas cinematicas e cataclasitos (modificado apds
Woodcock e Mort 2008). Extraido de Chan et al. (2022)

3.5 MICROESTRATIGRAFIA

Estudos microestratigraficos de cimentos carbonaticos associados podem elucidar ainda
mais 0os mecanismos de formacdo do minério, incluindo as condi¢cdes de pré-mineralizacao,
porque as flutuagdes quimicas nos fluidos mineralizantes so registradas como zonas de cresci-
mento com variagBes espaciais na composicdo elementar (Reeder 1991). Os estudos tém se
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concentrado no zoneamento OM-CL causado por variagdes de Ca, Mg, Sr, Fe e Mn, dos quais
os teores de Fe e Mn sdo de grande importancia (Hiatt & Pufahl 2014). Mudancas de oligoele-
mentos em fluidos associadas a eventos de formacéo de minério em bacias sedimentares podem
ser registradas por cimentos contemporaneos, especialmente minerais carbonaticos zonados
(microestratigrafia). Kyle et al. (2023) discute que a microestratigrafia da dolomita reflete mu-
dangas nas concentragOes de metais da salmoura, induzidas por eventos de precipitagdo de min-
erais sulfetados (Fig. 10). O autor explica que a microestratigrafia da dolomita segue variacoes
geoquimicas sistematicas nas concentracdes de metais e REE que correspondem a episédios de
precipitagdo do sulfeto, incentivando a aplicagdo de microestratigrafia em sistemas de brechas

carbonéticas pelo mundo, para melhor avaliar os controles genéticos para concentragfes min-

erais criticos.
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Figura 10 - Exemplos de cimento dolomitico pré, sin e p6s-minério e minerais sulfetados. (A) Cimento de brecha
de dolomita precoce coberto por esfalerita grossa, mina EImwood no Knox Group, Tennessee, EUA. (B) Nucleo
serrado de brecha cimentado por dolomita de sela grossa (amostra CA356-1888). (C) Ndcleo com cimento dolo-
mita rosa (CA167-2482). (D) Catodoluminescéncia de microscopio 6ptico (OM-CL) de cimento dolomitico mos-
trando zonas de mineralizacdo D1 — D5 (CA356-1888). (E) Secéo polida espessa de brecha mineralizada cimentada
por dolomita pré-minério, esfalerita e dolomita pés-minério com trilhas selecionadas de ablacéo a laser (linhas
vermelhas) (CA315-2305). (F) Cortes de tomografia computadorizada de raios X em escala de cinza (XCT) mos-
trando zona de dolomita ferroana mais clara (interior D4) com inclusfes de pirita associadas de ~100 um (mos-
tradas por setas) (CA167-2483). (G) Modelo XCT de cimento dolomita em cimento de quartzo de brecha, com o
cimento dolomita mais jovem tornado transparente para mostrar a zona dolomita ferroana (interior D4) com pirita
grossa associada (CA167-2483); veja o Material Suplementar (veja nota de rodapé 1) para animacdo. (H) Compa-
racdo de técnicas petrogréficas e de imagem para cristal de dolomita inicial em quartzo e coberto por esfalerita em
secdo polida espessa (KY2-30). 1 — Imagem polarizada em plano mostrando o nicleo turvo do cristal de dolomita
e uma borda menos turva coberta por esfalerita. 2—Imagem OM-CL das zonas dolomiticas D1 e D2. 3 — Imagem
de catodoluminescéncia de microscopia eletrdnica de varredura (SEM-CL) mostrando zoneamento fino no cristal
de dolomita e microfraturas que terminam em D1. Duas geragdes de cimento de quartzo pré-dolomita estdo pre-
sentes. DL — dolostona; do—dolomita; py—pirita; qz—quartzo; sl—esfalerite. Extraida de Kyle et al. (2023).
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4 CONTEXTO GEOLOGICO
4.1 CONTEXTO GEOTECTONICO

As rochas localizadas no centro-oeste do Brasil registram um importante intervalo de
tempo geologico da Terra, do Neoproterozoico ao Paleozoico, com uma evolugdo completa do
Gondwana Oeste. Estes depositos tém sido, previamente, considerados de idade criogeniana-
ediacarana e incluidos em uma Unica bacia de colisdo tipo foreland com, ligada ao Evento Bra-
siliano/Pan-Africano, que envolveu os blocos continentais Amazo6nia, Sdo-Francisco-Congo e
Parana gerando a Faixa Paraguai (Almeida 1967, Alvarenga & Trompette 1988, Trompette
1994, Nogueira et al. 2007, Tohver et al. 2010, Bandeira et al. 2012, McGee et al. 2015). Po-
rém, Santos et al. (2020) mostrou que a deformacao observada nas sucessfes sedimentares do
Sul do Craton Amazonico foi produzida por uma tectdnica transtensional, ndo condizente com
bacias formadas durante uma colisdo continental. A tectdnica compressional esta impressa
apenas nas rochas metassedimentares do Grupo Cuiabd, considerada como o Unico registro da
Faixa de dobramento Paraguai, uma provavel sutura de colisdo ocorrida no Criogeniano médio
ligada a tecténica Brasiliana-Pan-Africana (Almeida 1967, Nogueira et al. 2019, Santos et al.
2020). Santos et al. (2020) propde uma evolucdo para a Faixa Paraguai Norte (Fig. 11) com
base na deformacéo progressiva, onde dois sucessivos episodios transpressional-transtensional
ocorreram. A deformacdo transpressional ductil e ruptil-dactil afetou apenas as rochas
metassedimentares do Grupo Cuiaba na parte sudeste do cinturdo e posteriormente houve um
estdgio de deformacdo transtensional ruptil, que foi responsavel pela geracdo de falhas
obliguas-normais, transcorrentes e juntas; que ocorrem também nas rochas da Formacao Puga,
Grupos Araras e Grupo Alto Paraguai (Santos et al. 2020, Seoane & Domingos 2021, Nogueira
et al. 2022). Os diamictitos glaciais, depdsitos carbonaticos e siliciclasticos, ndo metamorficos
foram redefinidos como preenchimento de uma Bacia intracratonica, denominada Araras-Alto
Paraguai (Nogueira et al. 2019, Santos et al. 2020, Santos et al. 2021)



22

1489768

LEGEND X > I—FIG. 11K i
N| parecis < > N R
[V TAPIRAPUA BASALT 197 Ma. BASIN FIG.11F o2 B 2
PHANEROZOIC SEDIMENTARY > % F1G.12 A1
[ cover P O A e
s ]

TRANSTENSIONAL DOMAIN (TTSD) Y Vo Z VW o PLANALTO DA o

[ ALTo PARAGUAI GROUP v e e e 3 /3 Dol

/NT e 5

SAO VICENTE GRANITE 518 Ma \ i\ U Thre
N

- ARARAS GROUP

15803'13"

PANTANAL
[T] puca ForRMATION S BASIN

TRANSPRESSIONAL DOMAIN (TPSD)

—_— 2/ 2 __4;:"3 ------- 2
aBf7
2 cuiaBA GROUP >652 Ma 5/ PARANA B
STRUCTURAL SUB-DOMAIN BASIN P
] tespa v
[ rpsps

CONVENTIONS
- BEDDING

—a— FOLIATION

—=+ STRETCHING LINEATION

—
OBLIQUE THRUST-FAULT

=
—

40 km
<L STRUCTURAL FORM LINE S CALE

1 T T
== DEXTRAL STRIKE-SLIP STW 56W04'10" 55W08'40"
=~ FAULT
== SINISTRAL STRIKE-SLIP TPSD
7 FAULT < TTSD >< —>
METASEDIMENTARY ROCKS

U NORMAL FAULT NW  SEDIMENTARY ROCKS SE
X" ANTIFORM

X SYNFORM

o= STRUCTURAL DOMAIN BOUNDARY

---- ROADS
® CITIES

0 100 km 200 km
GEOLOGICAL CROSS-SECTION X-X

Figura 11 - Mapa estrutural-geoldgico da Faixa Norte Paraguai e; (b) Corte transversal NW-SE (X—X') mostrando
0 arranjo tectdnico das rochas e seus dominios estruturais. (Extraido de Santos et al. 2020)

4.2 BACIA ARARAS ALTO PARAGUAI (BAAP)

As unidades da BAAP (Fig. 12) recobrem as rochas cristalinas proterozoicas do Craton
Amazonico e metassedimentares do Grupo Cuiaba. O preenchimento da Bacia inicia-se com 0s
diamictitos glaciogénicos da Formac&o Puga, correlacionado a glaciacdo global do final do Cri-
ogeniano, de 635 Ma (evento Marinoano; Alvarenga & Trompette 1993, Nogueira et al. 2003).

O Grupo Araras ocorre de maneira descontinua no sul do Craton Amazénico recobrindo
os diamictitos. O Grupo Araras foi redefinido por Nogueira & Riccomini (2006) em quatro
formagdes: 1) Mirassol d’Oeste, constituida por dolomitos finos peloidas e dolomitos com es-
tromatélitos de plataforma rasa (Santos et al. 2021, Santos et al. 2023); 2) Guia, que consiste
em calcérios finos betuminosos, folhelhos e brechas calcareas, localmente dolomitizados de
origem marinha plataformal (Soares et al. 2020) ; 3) Serra do Quilombo, como dolomitos fino
laminado rico em matéria organica, dolomitos fino maci¢o a laminado, dolomitos arenoso com
estratificacdo cruzada hummocky/swaley associado com estratificagdo plano-paralela, dolomito

arenoso/oolitico com laminacéo produzido por ondas e brechas dolomiticas com cimento e/ou
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com matriz, interpretados como depositos de offshore transition e costeiro (Milhomem et al.

2013); e 4) Nobres, encerrando dolomitos finos, arenitos, brechas e conglomerados dolomiticos,

pelitos e abundantes niveis de silex secundario relacionados a depoésitos de planicie de maré

(Rudnitzki et al. 2017).
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Figura 12 - Litoestratigrafia da Bacia Araras Alto Paraguai, com a localizacio das se¢des alvos deste estudo.
Localidades: A e B - Pedreiras Emal-Camil calcitica e dolomitica, respectivamente (km 707 da BR-070) e C -
mina inativa, 1 km a SW de Nobres. A escala ao lado dos perfis A, B e C é exclusiva para a espessura das se¢fes
estudadas. (modificado de Milhomem et al. 2013)

A sucessdo siliciclastica do Grupo Alto Paraguai foi depositada em discordancia sobre

o Grupo Avraras, interpretada como depdsitos flivio-costeiro e de plataforma rasa, relacionados

as formacdes Raizama e Sepotuba, e depdsitos lacustres-deltaicos da Formacdo Diamantino

(Bandeira et al. 2012, Santos 2018). A idade cambriana da Formacédo Raizama foi inferida pela

presenca de tracos fosseis da icnofacies skolithos (Santos et al. 2017), finalizando o preenchi-

mento da BAAP.
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ABSTRACT
The Ediacaran period was characterized by the establishment of extensive platforms during
CaCOg oversaturation events and the exceptional creation of accommodation space associated
with the aftermath of the Marinoan glaciation (~ 635 Ma). Carbonate deposits in the Araras
Group record the precipitation of the early Ediacaran period, stage 1, in the Amazon craton. The
Serra do Quilombo Formation is an intermediate unit and is characterized by the occurrence of
heavily fractured and faulted dolomites, as well as the presence of dolomite-cemented breccias
(B.C.) overlying thick limestone packages associated with diagenetic and hydrothermal modifi-
cations, this evidence introduces complexity to these scenarios. This study aims to unravel the
origin of cemented breccias and the diagenetic/burial processes within the unit, focusing on dol-
omitization processes. Dolomite samples were analyzed using petrographic, scanning electron
microscopy, microprobe, Raman microscopy, cathodoluminescence, and isotopic analyses
(813C, 580, 87Sr/%Sr) to unravel their burial history. BCs are sub-vertical to sub-horizontal bod-
ies with complex geometries, generally cutting bedding at high angles, indicating hydrofractur-

ing processes related to vertical flows of hydrothermal fluids (hydraulic breccia) and presents
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the typical cockade texture of expansion breccias in dilatational faults. The substitutive matrix
RD1 is the main constituent of the Serra Quilombo Formation, its low correlation between §:3C
and 580 (R2=0.009), the well-preserved fabric, and the similarity with the isotopic values (C
and Sr) documented for Ediacaran carbonates, suggest that the syndepositional dolomitization.
The first generation of dolomitic cement (DC1) and the last phase of dolomitic cementation
(saddle dolomite - DC3) occur filling pores, BCs, and fractures. The cockade texture of the
breccias evidences a low precipitation rate or a pause in precipitation between DC1 and DC3.
Concurrently, DC1 has isotopic signals of 5180 = -4.34 £ 1.32%o (n=18) and 8’Sr/%®Sr = 0.708831
(n=2), while DC3 has values of §180 = -9.57 + 2.51%o (n=15) and 8'Sr/%Sr = 0.711464 (n=3).
The large isotopic fractionation between DC1 and DC3 suggests different dolomitizing fluids.
This relationship shows an increase in &’Sr in the fluid as the temperature increases; moreover,
the enrichment in 8’Sr of the fluid is explained by the interaction of this fluid with rocks from
the crystalline basement. Thus, the main conduit for the ascent of this radiogenic fluid would be
faults with deep roots spatially close to tectonically active zones. Lastly, the presence of tectonic
stylolites cutting cemented breccias and rotated zebra-like stratabound structures suggests that
brecciation occurred before the installation of fragile post-Ordovician transtensional structures,
preceding the establishment of Paleozoic Basins on the South American Platform.

Keywords: Dolomitization, Silicification, Cockade breccia, Isotope geochemistry, Pe-
trography, Araras Group, Neoproterozoic
51 INTRODUCTION

Extensive carbonate platforms were established after the Marinoan glacial event (~635
Ma), indicating the beginning of greenhouse conditions and supersaturation, concomitant with
the increase of accommodation space generated by glacial isostatic adjustment and long-term
transgression (Hoffman et al. 2017, Nogueira et al. 2022). Marine carbonate precipitates pri-
mary mineralogy and texture have been crucial in paleoceanographic reconstructions. However,
sedimentary basins burial and tectonic history can overlap primary signatures (Ahm et al. 2019,
Soares et al. 2020, Santos et al. 2023). Ediacaran carbonate deposits occur on the southern Am-
azon Craton, related to the Araras Group (Nogueira et al. 2022, and its references). The intense
dolomitization is the main characteristic of this upper unit. While the diagenetic constraints and
reasonable explanation about the dolomite origin for the base of the Araras Group (Soares et al.
2020, Santos et al. 2023), how the intense dolomitization of upper units (Serra do Quilombo and
Nobres Formation) occurred, affecting the primary signatures.

The transition from the base to the top of the carbonate succession is marked by the

occurrence of breccias cemented by dolomite, considered a diagnostic lithology for identifying



26

the Serra do Quilombo Formation (Nogueira and Riccomini 2006, Milhomem et al. 2013,
Nogueira et al. 2019). However, the genesis of this rock was first interpreted as a result of seis-
micity (Nogueira & Riccomini 2006), and subsequently, an origin is associated with tectonic/hy-
drothermal processes (Milhomem et al. 2013). The non-sedimentary brecciated intervals are
essential because they represent the remobilization of Mg- and Ca-bearing fluids and can be
considered a guide for understanding post-depositional processes linked to diagenetic, hydro-
thermal, and tectonic events. Breccias cemented by dolomite have been discussed for decades,
mainly due to their economic perspectives as Structurally Controlled Hydrothermal Dolomite
(HTD) facies. They are significant due to their hosting of Mississippi Valley-type (MVT) lead
and zinc deposits and their importance in hydrocarbon deposits (Machel & Lonnee 2002, Al-
Aasm 2003, Davies & Smith 2006, Martin-Martin et al. 2015, Navarro-Ciurana et al. 2016,
Koeshidayatullah et al. 2020, Lima et al. 2020, Yang et al. 2022).

Therefore, it is crucial to understand the origin and circulation mechanisms of dolomitiz-
ing fluids and their correlation with Ediacaran marine conditions and post-depositional geody-
namic relationships. In this study, we provide details of the diagenetic evolution of the dolomites
of the Serra do Quilombo Formation with an emphasis on the replacement and constraints of the
composition of dolomitizing fluids and cementation processes. In addition, it determines the
controls and origin of cemented breccias and to gain insights into how these regional geotectonic
events influenced the Araras-Alto Paraguai Basin on the Southern Amazon Craton.

5.2 GEOLOGICAL SETTING

The southern of the Amazon Craton records an important orogeny related to the assem-
bly of Gondwana, described as the North Paraguai Belt (Fig. 1a). The evidence of this event is
found in the metasedimentary rocks of the Cuiaba Group (Almeida 1967, Alvarenga &
Trompette 1993, Nogueira et al. 2007, Nogueira et al. 2019, Santos et al. 2020). These meta-
morphic rocks are overlain by glacial deposits of the Puga Formation (Cryogenian), limestones,
and dolostones of the Araras Group (Ediacaran), and siliciclastic rocks of the Alto Paraguai
Group (Cambrian-Ordovician), which were deposited in an intracratonic Basin called the
Araras-Alto Paraguai Basin (AAPB; Almeida 1967, Alvarenga & Trompette 1993, Nogueira et
al. 2019, Santos et al. 2020, 2021). Santos et al. (2020) propose a geotectonic evolution based
on two successive episodes of deformation: ductile and brittle-ductile transpressional defor-
mation affecting only metasedimentary rocks, interpreted as a probable collision suture that oc-
curred in the middle Cryogenian linked to Brasilian-Pan-African tectonics (Almeida 1967,
Nogueira et al. 2019, Santos et al. 2020). Subsequently, there was a stage of brittle transtensional

deformation, responsible for generating oblique-normal faults, drag folds, and joints that also
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occur in the rocks of the Puga Formation, Araras Group, and Alto Paraguai Group (Santos et al.

2020, Seoane & Domingos 2021, Nogueira et al. 2022).
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Figura 13 - Geology and stratigraphy of the Southern Amazon Craton. a) Geological map of Amazon Craton,
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focus on the AAPB and the study area (modified from Nogueira et al. 2019); b) Lithostratigraphy of the Neopro-
terozoic-Cambrian deposits of the southern Amazon Craton, the red rectangle delimits studied Unit (adapted from

Nogueira et al. 2019)

The deposits of the Araras Group represent the establishment of a post-glacial carbonate
platform and are divided into four formations following proposal by Nogueira & Riccomini
2006, from base to top (Fig. 1b): 1) Mirassol d'Oeste Formation, composed of dolomitic layers
interpreted as a shallow platform environment with intense microbial activity (Nogueira et al.

2003, 2019, Romero et al. 2020, Soares et al. 2020, Santos et al. 2021, 2023); 2) Guia Formation,
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composed of carbonates and shales, interpreted as a moderately deep platform (Nogueira et al.
2003, 2007, Soares et al. 2020, Carvalho et al. 2023) 3) The focus of this study is Serra do
Quilombo Formation comprises a shallowing upward succession, consisting of the following
facies: thin-laminated dolomite rich in organic matter, fine-laminated dolomite, sandy dolomite
with hummocky/swaley cross-stratification associated with plane-parallel bedding, sandy/oo-
litic dolomite with laminations produced by waves, and dolomitic breccia with matrix. It repre-
sents the record of a prograding highstand system tract in a carbonate ramp context (Nogueira
& Riccomini 2006, Milhomem et al. 2013).; and 4) Nobres Formation, consisting of tidally
influenced dolomites with peritidal microbialites (Nogueira and Riccomini 2006, Nogueira et
al. 2022, Rudnitzki et al. 2016, Romero et al. 2022). The lower Ediacaran age of the top of the
Araras Group has been estimated at approximately 614 Ma, stage 1, based on chemostratigra-
phic correlation at 5'C, &Sr/%®Sr (Nogueira et al. 2019) and radiometric constraints of the basal
deposits (Puga cap carbonate) e.g. 622 + 33 Ma by Pb/Pb age (Romero et al. 2013) and 623 + 3
Ma by U-Pb in situ in seafloor crystal fans (623 by Carvalho et al. 2023). The Upper Araras
Group is unconformably overlain by the siliciclastic rocks (Cambrian-Ordovician) of the Alto-
Paraguai Group (Nogueira et al. 2019, 2022, Santos et al. 2017, Romero et al. 2022). This un-
conformably contact record the uplift and erosion of the Araras-Alto Paraguai Basin led to the
truncation of the Lower Ediacaran Araras Group, persisting from the middle and upper Ediaca-
ran until the formation of the Cambrian Unconformity, representing a gap of approximately 80
Myrs (Santos et al. 2017, Nogueira et al. 2019, 2022, Romero et al. 2022).
53 MATERIAL AND METHODS

A total of one hundred eighty-three (183) samples were collected from outcrops along
the stratigraphic sections of the Serra do Quilombo Formation and adjacent units. The samples
were collected from quarries operated by Emal/Camil S.A in the Céceres and Nobres regions,
Mato Grosso state, Central-Western Brazil. A selection of one hundred twenty-nine (129) sam-
ples was used for the preparation of polished thin sections (30 pm thick) and subsequent petro-
graphic analysis using optical microscopy and cathodoluminescence (CL). The objective was to
differentiate the mineralogical assemblage, with focusing on generations of dolomite cementa-
tion and replacement. The CL analysis was performed using the LEICA DM 4500 P LED optical
microscope coupled to the Optical cathodoluminescence CL 8200 MK5-2. s at the Cathodolu-
minescence Laboratory of the Federal University of Para. The analysis conditions were as fol-
lows: electron bean current from 15.1 to 15.9 kV; acceleration voltage ranging from 266 to 448

mA; and exposure time of 10 s.
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The Raman spectra were performed with a Renishaw in Via Reflex equipment coupled
to a Leica DM2500 M microscope, containing the lasers with excitation at 632.8 nm (He-Ne,
Renishaw)-50 mW-, 785 nm (diode laser, Renishaw)-500 mW- and 532 nm (diode laser, Ren-
ishaw)-500 mW-. The equipment also contains two diffraction gratings, one with 1200 lines
(used with the 632.8 or 785 nm lasers) and another with 2400 lines (used with the 532 nm laser),
and a thermoelectrically cooled CCD detector (1040 x 256 pixels). The Wire 4.4 software was
used to analyze the collected data. During this analysis, the 785 nm laser was chosen and was
used at 1% of its power. The individual spectrum was collected using 30 accumulations of 2 s
each, with the removal of cosmic rays. The Raman spectra were processed using Spectragryph
software v.1.2.16.1.

Mineralogical refinement was performed through scanning electron microscopy-energy
dispersive spectroscopy (SEM/EDS). The SEM-EDS data were acquired at the Microanalysis
Laboratory of the Geosciences Institute (1.G.) at UFPA. The equipment used was a Zeiss SEM
model SIGMA-VP coupled with EDS IXRF model Sedona-SD

The electron microprobe analysis (EMPA) was conducted using a JEOL JXA-8100 elec-
tron microprobe with a wavelength-dispersive system at the Department of Geology, Séo Paulo
State University, Brazil. The instrument was operated with three crystal spectrometers, with the
accelerating voltage and the specimen current of 15kV and 20mA, respectively. The beam spot
diameter used for quantitative element analysis was 1 um. The standards used were barite P.H.
for Ba and S, celestine P.H. for Sr, and wollastonite P.H. for Si. The detection limit of the mi-
croprobe analysis was approximately 280 ppm for each element.

Carbon and oxygen isotopes were obtained for one hundred seventy-one (171) dolomite
samples. The samples for isotopic analysis were obtained using a micro-drill mounted on a mi-
croscope. Twenty-one (21) samples, after He flush, were reacted with pure H3PO4 for one hour
at a temperature of 70°C; the evolved CO2 was analyzed in the gas source mass spectrometer,
Delta V Advantage — Gas Bench 2 from Thermo ScientificTM, on the premises of the Isotopic
Geology Laboratory, Federal University of Rio Grande do Sul (UFRGS); the analytical stand-
ards used were: NBS18, IAEA CO1, REI 1, and BSB. Additionally, one hundred fifty (150)
samples were reacted with pure H3PO4 at a constant temperature of 25°C for 72 hours; the CO2
was then cryogenically purified and analyzed in a SIRA 11 double-intake and triple-collector
mass spectrometer at the Stable Isotopes Laboratory (LABISE) of the Department of Geology
at the Federal University of Pernambuco (UFPE); the analytical standard used was BSC — “Bor-
borema Skarn Calcite”. The usual notation delta represented the isotopic composition of carbon

and oxygen (9) in permil (%) VPDB (Vienna — Pee Dee Belemnite)
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The &SrimSr isotopic ratio was obtained for eleven dolomite samples. The determina-
tion of the carbonate's 87Sr’®Sr isotopic composition was achieved through the sequential leach-
ing procedure developed by Bailey et al. (2000). Six samples were analyzed at the UFPA Iso-
topic Geology Laboratory (Para-1so) using the MC-1CP-MS (Multi-Collector — Inductively Cou-
pled Plasma — Mass Spectrometry) technique. The spectrometer utilized was a NEPTUNE
(Thermo Scientific) with an energy analyzer (ESA) and a magnetic sector mass applicator. The
detection system is equipped with nine Faraday collectors, six ion counters (MIC), and an elec-
tron multiplier (SEM). The 8’Sr/Sr ratios obtained using the NBS 987 standard in this equip-
ment have an average value of 0.710240 + 0.00009. Additionally, five other samples were sent
to the Isotopic Geology Laboratory at the Federal University of Rio Grande do Sul (UFRGS).
Strontium was separated via ion exchange chromatography in a column using Eichrom SR-B50-
A resin, dried, and then loaded onto a previously degassed rhenium double filament with 2 pl of
0.25N H3POA4. Data acquisitions were performed using a thermoionization mass spectrometer
(TIMS), TRITON (Thermo Scientific), in static mode with multiple Faraday cups. Data were
corrected for mass fractionation by normalizing to an 86Sr/88Sr ratio of 0.1194. Measurements
of NIST SRM 987, blanks, and reference materials are used to assure quality and reproducibil-
ity.

54 RESULTS
5.4.1 Field observations

The studied succession is approximately 130 m thick and is lithostratigraphically com-
posed of the Serra do Quilombo Formation and its adjacent units: the Guia Formation at the base
and the Nobres Formation at the top (Fig. 2). In the Araras Alto Paraguai Basin (AAPB), sedi-
mentary rocks locally exhibit sub-horizontal beds with minimal fracturing and virtually no ap-
parent brittle deformation. However, there are portions of the basin where sedimentary rocks
are deformed primarily by brittle folds, normal faults, striations, fractures/joints, and cataclastic
foliation. Brittle drag folds are generally associated with normal faults with sub-vertical NE-
SW, NW-SE, and E-W directions on the mesoscopic scale. The transition zone between the Guia
Formation (limestone) and the Serra do Quilombo Formation (dolostone) is marked by the in-
tense occurrence of fractures and breccias cemented by dolomite in sub-vertical bodies. These
breccias truncate the thin dolomites of the Serra do Quilombo Formation and the thin bituminous
limestones of the Guia Formation with abrupt lateral contacts. Figure 2 illustrates an ideal suc-

cession profile, where breccia levels begin with dolomitization at the front of the succession.
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Figura 14 - Stratigraphic outcrops of the Araras Group in the Céceres and Nobres regions were studied. The Serra
do Quilombo Formation is confined within two packages of carbonate rock characterized by low porosity and
permeability. These formations consist of micritic limestone rich in organic matter and finely silicified dolostones.

The basal contact is characterized by the transition from layers of black limestone with
organic matter (Guia Formation) truncated by brecciated bodies to layers of dolomudstone lam-
inated with organic matter (Serra do Quilombo Formation), displaying a black color (Fig. 3a).
Later in the succession, gray dolomudstones become predominant, with oolitic layers (Fig. 3b).
The contact between the Serra do Quilombo Formation and the Nobres Formation is irregular
and is marked by the occurrence of breccias and sandstones containing tabular micrite clasts and
contraction cracks.

Two patterns of dolomitic bodies are observed: the predominant one consists of bodies
with gray tones, consistent with depositional bedding; the second type comprises beige to white
bodies, exhibiting a morphology like a Christmas tree near faults and fractures (e.g. Sharp et al.
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2010, Navarro-Ciurana et al. 2016; Fig. 4a, b). Furthermore, there is the local replacement of
stratiform bodies. Weathering can change the original color of rocks to white or reddish-white
due to leaching and oxidation processes. In addition, zebra-like textures (e.g. Morrow et al.
2014) are observed on inclined and sub-vertical bodies (Fig. 4c, d). They are fabrics of carbonate
rock with interspersed bands of dark colors (matrix) and white (cement); the contact between
the bands can be wavy or straight.

. TR

one

imeston®
Larf tion)

Dolostone with Cemented {imestone Q::‘ecc'\n (Guid Forma
Dolomudstone e Ll NS (Guia Formation)
(Serra do Quilombo (Serra do Quilombo

Formation) Formation)

Figura 15 - Panoramic sections of the quarries were studied. a) The contact between the Guia and Serra do Brec-
ciated bodies truncate quilombo formations. The color difference is due to the presence of organic matter. b) The
sandy dolomites (sD) overlie the fine laminated dolomites (fD). The arrows indicate the wavy megamarks, which
separate the facies.

5.4.2 Description of the breccias
The breccias occur in vertical or subhorizontal cylindrical bodies with complex geome-
tries, ranging in size from centimeters to metric, and they cut the bedding at a high angle. Gen-

erally, the breccias are monomict, with dolomudstone clasts in fitting, indicating in situ
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brecciation. The clasts are angular and vary in size from millimeters to centimeters. The spaces
between the clasts are cemented mainly by coarse dolomite crystals and subordinately by cal-

cite.

Figura 16 - Dolomite features. a) and b) Dolomite fronts show two patterns of dolomitic bodies, with emphasis on
the Christmas-tree-like morphology. c) and d) zebra-like structures in sub-vertical bodies and the wavy or straight
contact between the bands, respectively.
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Figura 17 - Macroscopic features of breccias cemented by dolomite: a) Subvertical body of chaotic breccia. b)
Mosaic breccia body with no apparent orientation. c¢) Crackle breccia, showing in situ brecciation. d) Chaotic
breccia body without orientation. The red arrows indicate the vug pores. e) Polished sample showing the petro-
graphic differences between the cement generations and the differences in clast replacement. f) The polished sec-
tion displays the cockade texture and the difference in the transparency of the crystals surrounding the clasts.

The morphological classification of breccias did not consider genetic origin, as proposed
by Woodcock & Mort (2008). Three primary morphologies were identified: crackle, mosaic,
and chaotic, in addition to the widespread presence of fault veins. Crackle breccias, constituting
over 75% of clasts, are clast-supported, little or not rotated with each other, and not at all
rounded; the adjacent fragments generally fit together like a jigsaw puzzle (Fig. 5¢). Mosaic
breccias (Fig. 5b) have between 60-75% clasts and typically exhibit little rotation and rounding.
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They occur in bodies perpendicular to the bedding and vary between matrix-supported and
clast-supported portions. Chaotic breccias (Fig. 5a) contain less than 60% clasts and are com-
monly rotated and subrounded, with polymictic portions having dolostone clasts from the lower
stratigraphic level. They occur mainly in upright bodies and are mainly matrix-supported. The
three types of breccias can coexist with each other, where a gradual transition between Crackle-
mosaic and mosaic-chaotic is observed. Fault veins are fractures filled by dolomite and calcite.
They have less than 30% clasts, generally do not exhibit a preferential orientation, and have no
significant shear displacement. The chaotic breccias may present vuggy pores in the inner part
of the cement supporting the clasts (Fig. 5d). Locally, the cemented breccias are truncated by
tectonic stylolites and fracture cleavage (Fig. 5e; Seoane & Domingos 2021).

Furthermore, the mosaic breccias exhibit a cockade texture, especially the chaotic ones.
This texture is characterized by individual clasts surrounded by concentric layers of dolomite
cement (Frenzel & Woodcock 2014). Note that the clasts are first entirely sheathed by one ce-
ment generation, utilizing the clasts as a substrate for their growth, and subsequently by another
petrographically distinct cement generation, using the clasts “encrusted" by the cement as a sub-
strate (Fig. 5 f, g).

5.4.3 Petrography

The paragenetic assemblage includes dolomite, quartz, calcite, apatite, pyrite, chlorite,
and iron oxide/hydroxide, with dolomite being the primary constituent. They were examined in
hand specimens (Fig. 5f) and under petrographic microscopes. Several dolomite fabrics were
identified based on their petrographic and cathodoluminescence (CL) characteristics. The de-
scriptions adhere to the classification model proposed by Gregg & Sibley (1984) and Sibley &
Gregg (1987).

Replacive dolomite 1 (RD1)

RD1 represents the main diagenetic phase within the succession & is pervasive across
the Serra do Quilombo Formation. At the basal contact with the Guia Formation limestones,
RD1 manifests as a selective grain replacement phase, specifically affecting the ooids (Fig. 6a).
Hand specimens generally appear gray to dark gray. Under microscopic examination, RD1 con-
sists of near-micritic (7-35um) dolomite with fabric retention and displays minor to dense pack-
ing of equigranular crystal mosaics with anhedric to subhedral textures (non-planar to planar-s),
preserving the sedimentary fabric. RD1 represents densely packed dolomite with rare pores (Fig.
6b, f). Under cathodoluminescence (CL) analysis, it shows a uniformly dull purple luminescence
(Fig. 6¢, d)

Replacive dolomite (RD2)
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Replacive dolomite RD2 occurs in completely dolomitized facies, forming dolomite
crystals with gray to creamy colors in hand samples and is composed of planar crystals (planar-
s and planar-e), predominantly subhedral and densely packed. These crystals form inequigran-
ular mosaics, with a noticeable gradual transition in crystal size being commonplace. RD2 (Fig.
6e) is characterized by crystals ranging in size from 50-250 um, with RD2 relicts often observed
at the center, evidenced by dirty cloud core crystals and clear edges. Under CL, it exhibits a dull
purple to orange-brown luminescence. In some local areas, a sucrosic texture can be observed

in planar-e dolomites.

Figura 18 - Photomicrographs of replacive dolomite RD1 and RD2 show: a) Cross-polarized (XPL) image of grain-
selective replacement in the zone of contact with limestones (Lim). Note the partial replacement of the edges of
the ooids by silica (Qtz) and bitumen (Bit) impregnated in the micritic matrix. b) Image in Parallel-polarized light
(PPL) of partial dissolution by silica (Qtz) and neomorphism for RD2 in the center of the ooids. ¢) and d) XPL and
cathodoluminescence (CL) images, respectively, showing DC1 filling primary interparticle porosity in grain facies
already replaced by RD1. Note the uniformly dull purple luminescence of RD1 and the non-luminescence of Qtz.
e) RD2 crystal mosaic with RD1 relics in the center (red arrow), showing a neomorphic evolution (XPL image).
f) A backscattering image shows the microporosity of RD1 in the matrix and apatite microcrystals inside the ooids
(white points) and the dissolution by Qtz at the edges (light gray).
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Dolomite cement 1 (DC1)

DC1 dolomite cement presented in hand samples displays gray to brown colors. This
cement mainly fills the porosity of oolitic dolograinstone (Fig. 6¢, d) and fractures and is the
first cemented phase in cemented breccias (Fig. 7a, b). When examined in thin sections, it pre-
sents a generally cloudy texture due to abundant inclusions. However, within the same crystal,
areas with a clear appearance can also be discerned, showcasing a significant reduction in the
presence of inclusions (Fig. 7c, g). The DCL1 crystals display an inequigranular texture, varying
in size from 100 to 350 um, featuring non-planar to planar-s morphologies and polymodal size
distribution. Under cathodoluminescence analysis, this cement exhibits luminescence with con-
centric zoning, manifesting an alternation between purple-red and dark green (Fig. 7b, e, h).

Dolomite cement 2 (DC2)

The DC2 phase in the mesoscopic scale exhibits a beige color and comprises inequigran-
ular crystals, typically demonstrating a bladed and/or dogtooth habit. These crystals are associ-
ated with a later stage of DCL1 (Fig. 7d, e), filling fractures and breccias. The DC2 crystals exhibit
planar-s to planar-e characteristics, with a thickness ranging from 200 to 700 pum, a limpid ap-
pearance, and traces of twinning on some crystals. Under CL, concentric zoning is evident, fea-
turing non-luminescent to reddish pink/green interspersed portions. Apatite crystals (Ap) fill the
intracrystalline porosity of DC2 (Fig. 7f), exhibiting bright yellow luminescence in CL.

Replacive dolomite 3 (RD3)

RD3 occurs proximate to brittle structures (faults and fractures), at the basal contact with
the limestones of the Guia Formation, predominantly replacing the matrix (Fig. 8a, b), and pre-
sent in clasts of certain breccias. In a hand sample, RD3 exhibits a milky white to cream-gray
color. RD3 comprises polymodal planar dolomite crystals with a thickness ranging from 100 to
500 um. These crystals often consist of a cloudy RD1 and RD2 core surrounded by a clear
crystalline outer part (Fig. 8c). Under cathodoluminescence (CL), it presents bright pink lumi-

nescence at the edges and dull purple in the center (RD2; Fig. 8f).
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Figura 19 - Photomicrographs of dolomite cements DC1 and DC2: a) and b) images in PPL and CL, respectively,
of a micro brecciated zone filled by DC1 and alkali feldspar (Kf). Note the luminescence with concentric zoning,
manifesting an alternation of colors between purple-red and dark green from DC1 and olive green from Kf. c)
Backscattering image showing the compositional zoning of DC1 and a concentrated zone of apatite related to DC1
(white arrow). d) and e) Images in XPL and CL, respectively, showing crystals of DC1 and DC2 filling fractures
with bladed faces of DC2 precipitating after DC1. Note the difference in the zoning of the DC2 crystals with
interspersed non-luminescent areas in red. f) Backscattering image showing the strong compaositional zoning of
DC2 crystals. g) and h) Images in XPL and CL, respectively, showing the precipitation relationship of DC1 and
DC2 in RD1 clasts.
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Dolomite cements 3 (Saddle dolomite - DC3)

DC3 dolomite cement is identified as filling vugular porosity, cementing breccias, and
occupying fractures. DC3 appears creamy white in the hand sample and comprises densely
packed inequigranular crystals. These crystals are non-planar, featuring typical curved bounda-
ries, and are characterized by sweeping extinction (saddle dolomite; Fig. 8d, e). Crystal sizes
range from 250 pm to megacrystals larger than 3000 um, generally cloudy due to rich inclusions.
The crystals display an alternation of bands, varying in inclusion content, defining zoning in-
dicative of different growth stages. Under CL, DC3 exhibits multiple growth zoning alternating
from bright to dull pink luminescence. Occasionally, DC2 is observed as nuclei (relict) of crys-
tals, discernible by crystals with clear centers and cloudy edges (Fig. 8g, h).

Calcite Cements (CC)

Calcite cement represents the final phase of carbonate void cementation (Fig. 9d). Mac-
roscopically, the calcite cement (CC) is white to pink in color, while in thin sections, consists of
inequigranular, limpid, densely packed spatic calcite crystals with subhedral to anhedral shapes,
ranging in size from 100 to 1000 um (Fig. 9a). In cathodoluminescence, CC displays bright
pinkish red to opaque concentric luminescence, along with non-luminescent or bright orange
areas (Fig. 9b). Calcite occurs as blocky, drusiform fillings in pore vugs, as microcrystals filling
veins, and as an edge-replacing phase of dolomite crystals (dedolomitization; Fig. 9c).
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Figura 20 - Photomicrographs of replacive dolomite 3 and saddle dolomite cement DC3: a) and b) Images in XPL
and CL, respectively, of RD1 replaced by planar crystals and of RD3, with bright pink-red luminescence and
dissolution of RD1 and RD3 by silica (Qtz). ¢) and f) Images in XPL and CL, respectively, showing bright pink
luminescence at the edges and dull purple in the center (RD1; yellow arrow). d) XPL image of DC3 dolomite
saddle cement, showing non-planar crystals with undulating extinction and inclusion-rich. e) Secondary electron
image showing DC3 with its characteristic curved faces. g) and h) Images in XPL and CL showing the petrographic
relationship of the dolomitic cement, with their petrographic differences and zoning characteristics with alterna-
tions from bright to dull pink luminescence of DC3, with non-luminescent relics in the center of some crystals. i)
Backscattering image showing that the three dolomitic cements are strongly zoned and present apatite crystal
inclusions (yellow arrow)

Silicification (Qtz)

The silicification phase comprises microcrystalline and authigenic silica, manifesting as
megaquartz (Fig. 10b), drusiform quartz (Fig. 10a), chalcedony spherulite (Fig. 10d), and mi-
crocrystalline quartz. These forms of silica partially replace the pre-existing constituents and fill
the secondary pores. Under CL, the quartz exhibits non-luminescence and dull blue lumines-
cence (Fig. 10e). Petrographic relationships reveal multiple stages of silicification in these rocks,
interspersed with dolomitization phases (Fig. 10d). A microcrystalline replacement phase is
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observed, replacing RD1 ooids (Fig. 6f) that DC3 intersects, and a siliceous replacement/ce-
mentation phase that dissolves and intersects RD3 and DC3 (Fig. 8a, b).
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Figura 21 - Photomicrographs of calcite cement CC: a) and b) PPL and CL images showing the relationship be-
tween CC and DC3 as the final phase of carbonate precipitation. Note the twinning of CC and the cloudy appear-
ance of DC3 crystals. c) Backscattering image showing the contact between DC3 and CC, with faces of DC3
dedolomitizing (yellow arrow). d) A secondary electron image shows CC crystal filling fractures and precipitation
after bitumen migration (Bit).

Others paragenetic phases

Apatite (Ap) is present as a substitutive phase, mainly in the oolitic facies (Fig. 10f), and
occurs as an anhedral cementation phase, primarily associated with the dolomitic cement, dis-
playing greenish-yellow luminescence under cathodoluminescence (CL). K-Feldspar (K.F.; Fig.
10g) occurs as anhedral to subhedral cements 100-400 um in size, with clear crystals that exhibit
dark green to light green luminescence in CL. Bitumen (Bit; Fig. 9d) and clay minerals (Cly;
Fig. 10g) are generally observed as a post/syn-genetic phase of DC3, but hydrocarbons are also
dispersed in the matrix in the basal zone of the unit. Iron oxide/hydroxide cement (FeO; Fig.

10h) is randomly disseminated.
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Figura 22 - Photomicrographs of silicification and other paragenetic phases: XPL image showing a) microcrystal-
line and drusiform quartz cement. b) Megaquartz crystals precipitate in a crack-seal-like structure. ¢) Microcrys-
talline quartz dissolving RD1 and DC3. d) and e) XPL and CL images showing silica cement with chalcedony
spherulite, non-luminescent in CL. f) SEM image showing apatite (light gray) around ooids replaced by RD1. g)
SEM image and EDX spectra showing the feldspar crystal (point 1) and clay minerals (points 2 and 3). h) SEM
image and EDX spectra of iron oxide cement (point 1) and anhedral apatite crystals (point 2).

5.4.4 Raman spectroscopy of dolomitic phases

The Raman analyses were performed on the main dolomitic phases from the Serra do
Quilombo Formation (Fig. 11), including replacive dolomite and dolomite cements. Raman
analysis revealed multiple distinct peaks around 1098 cm™ and additional peaks near 1099 cm-
1and 1100 cm®, suggesting the presence of multiple dolomitic phases in the samples. In addition
to the characteristic peaks of dolomite, other phases were identified, such as silica, e.g. cristo-
balite (1113 cm™), and some peaks related to calcite (1089 cm™). Additionally, the full width at
half maximum (FWHM) analyses provided indications of crystallinity in situ. RD1 and RD2
showed FWHM of 7.9 £ 2.0; n=36 for PCH040, and in ED80=6.8 + 0.13; n=36, whereas RD3
in ED88=7.54 + 0.34; n=21. On the other hand, DC1 exhibited FWHM of 7.37 + 0.34; n=36 for
PCHO040, and in ED80 = 6.76 + 0.2; n=10, while RD3 in ED88=7.37 + 0.34; n=10.
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Figura 23 - Raman spectra and peak width analyses. Measurement of the width of the 1098 cm-1 and 1099 cm-1
peaks, including a) replacive dolomite and b) dolomite cements. The lines indicate the measured peak widths
(FWHM [1/cm]). Cross-plot of FWHM [1/cm] versus Raman Shift [1/cm] C) replacive dolomite e D) dolomite
cements. Note the presence of two distinct dolomite phases, suggesting the presence of multiple dolomitic phases
in the samples.

5.4.5 Geochemistry

Major and minor elements

Major and minor elements (MgO, CaO, FeO, MnO, CO2, SrO, BaO; Supplementary 2)
were carried out at 114 points in the carbonate phases (Table 1). The different dolomites exhibit
similar MgO contents, ranging from 17.39 to 21.92 wt. % (average = 21.71), and CaO values
ranging from 26.52 to 31.34 wt. % (average = 29.63). The Mg/Ca ratio (in ppm) ranges between
0.553 and 0.615 (average = 0.587). Notably, portions of the substitutive dolomitic matrix (RD1
and RD2), partially composed of silica, exhibit Mg/Ca ratios below the general average.

Minor elements in the dolomites were generally below the detection limit, with Fe being
the only element distinguishable among the dolomites. Elevated Fe contents are observed in
specific zones of dolomite cement DC1 (bdI-2982 ppm; Fig. 12a-f), DC2 (bdl-4000 ppm), and
DC3 (bdI-1744 ppm). The variation in Fe content is evident in cathodoluminescence images,
showing dull to non-luminescent zoning.

5.45.1 Stable isotopes
Carbon and oxygen isotopes
The dolomite substitutive matrix (RD1 and RD2) constitutes the primary component of

the Serra Quilombo Formation, with average isotopic values of §*3C = -0.04 + 0.72%o and 580
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=3.79 £ 1.33%o (n = 144). The spatic substitutional matrix (RD3), found in some clasts within
breccias and zones near faults, exhibits average isotopic values of §3C = -1.39 £ 0.67%o and
5180 = -8.91 + 1.80%o (n = 22). The initial cementation phase, brown dolomitic cement (DC1),
filling voids, breccias, and fractures, is characterized by isotopic values of §3C = 0.79 + 1.73%o
and 880 = -4.34 £ 1.32%o (n = 18). The saddle dolomite cement (DC3) represents the final
phase of gap cementation in breccias, fractures, and pore vugs, exhibiting isotopic values of
S13C = -0.54 + 0.70%o and 80 = -9.57 £ 2.51%o (n = 15). This phase was accompanied by
calcite cementation (CC) with isotopic values of *3C = -5.59 +2.84 %o and 30 =-7.9 £ 0.11%o
(n=2).

COMPO w200 um ' .“ 2 P e— 200 UM
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Figura 24 - Backscattered electron image and b) cathodoluminescence showing electronic microprobe distribution
maps obtained for P (c), Si (d), Ca (), and Mg (f) in a Dolomite cement (DC1). Warmer colors represent higher
concentrations. MgO and CaO are distributed in higher concentrations. Not that the high P concentration shows
the internal compositional differences of the crystal and the dissolution by apatite.

Strontium isotope

Eleven dolomite samples were analyzed to determine their strontium isotopic composi-
tion. The micritic matrix (RD1) exhibits an 8"Sr/®Sr ratio ranging from 0.708315 to 0.709962
(average: 0.708852; n=5). The 8/Sr/%Sr ratio of the first cementation generation (DC1) ranged
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from 0.708576 to 0.709087 (n=2). The ratio in the spastic substitutive matrix, close to faults
(RD3), is 0.707719 (n=1). The isotopic composition of saddle dolomite (DC3) &’Sr/%Sr ratio
from 0.710349 to 0.712567 (average: 0.711798; n=3)

Table 1: Elemental and isotopic geochemistry of carbonate phases

VPEI;%%%) Vlfll)%(()%o) 87Sr/s6Sr CaCO3 (wt%)  MgCO3 (wt%) Fe (ppm) Mn (ppm)  Sr(ppm)

n 144 144 ] 49 49 17 2 2
Rd1/ Max. 0,68 5,12 0.709962 21,6536 30,9268 1796 333 538
Rd2 Mmin 0,76 2,46 0.708315 17,3887 26,5217 bdl bdl bdl
Mean -0.04 3.79 0.7088518 21,0607 30,1601 53353 300.5 503

n 18 18 j) 11 11 6 1 3

Max. 2,52 -5.66 0,709087 21,8808 31,0231 2982 288 490

DCI Min -0,94 -3,02 0,708576 20,9794 29,8848 bdl bdl bdl
Mean 0,79 -434 0,7088315 21,3988 30,4160 12372. 288 480

n — — S 15 15 10 1 bdl

Max —_— —_ — 21,9025 30,7161 4078 339 bdl
Dc2 Min = S S 20,6368 29,5885 bdl bdl bdl
Mean — — — 21,2362 30,1225 2841 86. 339 bdl

n 15 15 3 8 8 6 bdl bdl

Méx 0,16 -7.06 0,712567 21,7073 30,5868 1744 bdl bdl

Dc3 Min 1,24 -12,08 0,710349 20,744 29,989 bdl bdl bdl
Mean 0.54 -9.57 0,711464 21,1104 30,3324 1334,5 bdl bdl

n 22 22 1 26 26 4 1 bdl

Max 0,72 7 1i 0,707719 21,0191 30,9827 832 373 bdl

Rd3 Min 2,06 -10,71 0,707719 20,8488 29,8764 bdl bdl bdl
Mean -1.39 -8.91 0,707719 21,3488 30,5492 526.33 373 bdl

n 2 2 — 5 5 bdl bdl bdl

Max. 22,75 7,79 — 57,1637 0,1457 bl bl bl

CC Min -8,43 -8,01 — 56,5689 0,0811 bdl bdl bal
Mean -5.59 7.9 — 57,0146 0,1182 bdl bdl bdl

RDI1/RD2: Replacive dolomite 1 and 2; DC1: Dolomite cement 1; DC2: Dolomite cement 2; DC3: Saddle dolomite cement 3; RD3: Replacive dolomite 3;
CC: Calcite cement; n: number of analyses; Min.: minimum value; Mean: mean value; Max.: maximum value; bdl: below the detection limit.

5.5 DISCUSSIONS

5.5.1 Paragenetic sequence

Field, petrographic, and geochemical data indicate great complexity during the diage-

netic evolution of the dolomites of the Serra do Quilombo Formation. The main diagenetic do-

mains are discussed below, focusing on the formation of cemented breccias and the different

types of dolomites, along with their corresponding paragenetic assemblage (Fig. 13). Outcrop

observations and petrographic data indicate that the evolution of the rocks in the Serra do

Quilombo Formation began in moderately deep marine carbonate deposits, shallowing towards

the top, with the deposition of limestone rocks (micrite) and early replacements (deposi-

tional/eodiagenetic) of the entire unit by RD1, preserving the primary rock framework (Nogueira

& Riccomini 2006, Milhomem et al. 2013). This replacement resulted in mosaics with closely

packed RD1 microcrystals. The low porosity suggests that the replacement of the host limestone

occurred before effective compaction because the pores generated by the dissolution-
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reprecipitation mechanisms of dolomitization were destroyed by compaction (Mazzullo 1992,
Warren 2000). Concurrently, a silicification event occurred, partially replacing the ooids and
part of the matrix with microcrystalline silica (Fig. 6¢). As burial progresses, chemical compac-
tion initiates, and burial stylolites form parallel to the bedding. The parallel stylolites form be-
tween 300 and 800 m deep in limestones and may be deeper in dolostones (Nicolaides & Wal-
lace 1997, Duggan et al. 2001, Ebner et al. 2008), where a progressive process of neomorphism
and ordering of RD1 microcrystals towards pseudospatic features occurs, leading to the for-
mation of RD2, where relics of RD1 act as a nucleus. The same homogeneous luminescence is

maintained, and a thickening of the crystal size is observed (Fig. 6d; Mazzullo 1992). RD2 is

more easily developed at the top of the succession in grain-dominated facies.

DIAGENETIC PHASES AND EVENTS

Shallow burial
(eodiagenetic)

Intermediate to deep burial
(mesodiagenetic)

Uplift

Micrite and carbonate grains
Mechanical compactation
Replacive dolomite 1 (RD1)
Dissolution

Silicification 1 (Qtz)
Fracturing

Burial Stylolites

Replacive dolomite 2 (RD2)
Seismic faulting
Brecciation

Dolomite cements 1 (DC1)
Apatite (Ap)

O/OH Fe precipitation
Dolomite cements 2 (DC2)
Hydrofracturing
Silicification 2 (Qtz)
Replacive dolomite 3 (RD3)
Saddle dolomite cement (DC3)
Bitumen migration (Bit)
Clay minerals (Cly)
Dedolomitization

Calcites cements (CC)
Tectonic stylolites

Norm

Post-Ordovician -
al dextral oblique faults <

Figura 25 - Summary of the paragenetic succession in the Serra do Quilombo Formation.

During mesodiagenesis, extensive tectonic and/or hydrothermal processes fracture and

brecciate the dolostones (discussed in detail in the next section), creating new pore spaces and
allowing the precipitation of DC1, DC2, Kf, Ap, and O/OH-Fe in the void spaces. DC1 also
occurs by obliterating interparticle pores with crystal growth perpendicular to the edge of the
carbonate grains, showing that precipitation of this phase began before the brecciation event and
continued after. The distinct zoning (in CL) of DC1 and DC2 records the crystal growth history
and changes in the chemical composition and temperature of the fluid (Gregg 1985, Gregg &
Shelton 1990). Additionally, twinning in DC2 dolomitic cement may suggest significant
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tectonic stresses, pressures, or deformations that affected conditions during formation or later
(Tucker 1990, Machel 2004). Subsequently, still in an extensive environment, there is the ascent
of hydrothermal fluids that replace the matrix near faults and fractures, generating RD3, along
with the expansion of the spaces between the clasts of breccias and fractures, filled by saddle
dolomite cement DC3, CC, Cly, and bitumen. Simultaneously, another silicification event (re-
placive and cementing) partially dissolves the components and fills voids. Finally, the formation
of stratum-transverse stylolites (tectonic) is interpreted as the result of post-Ordovician transi-
tional brittle deformation, also cutting through the cemented breccias (Santos et al. 2020, Seoane
& Domingos 2021). The telodiagenetic events are evidenced by oxidized metals and degraded
organic matter, generating iron oxides/hydroxides.

5.5.2 Breccia

- Origin of the breccia

The angular clasts supported by saddle dolomite cement, the jigsaw arrangement (in situ
type breccia), and the orientation of the sub-vertical bodies, cutting the layers at a high angle,
are features indicative of hydrofracturing processes related mainly to vertical flows of overpres-
sured fluids (e.g. Barale et al. 2016, Chan et al. 2022). However, the cockade texture of the
breccias highlights a low precipitation rate or a pause in precipitation between DC1 and DC3
(Frenzel & Woodcock 2014). Simultaneously, DC1 exhibits average isotopic signals of 50 =
-4.34 + 1.32%o and ¥Sr/*®Sr = 0.70883 1, while DC3 has values of 0 = -9.57 & 2.51%o and
87Sr/85Sr = 0.711464. Furthermore, the occurrence of breccias filled only by DC1 (Fig. 7a, b) or
DC3 reveals temporal, compositional, temperature, and flow differences between the cementing
fluids.

Cockade breccias are formed by clasts surrounded by concentric layers of cement. These
rocks are interpreted as fault fills percolated by hydrothermal fluids (Frenzel & Woodcock 2014,
Berger & Herwegh 2019). Despite the absence of rotated geopetal structures, all other features
identified by Frenzel & Woodcock (2014) to define a cockade breccia are present: a) concentric
bands around the clasts (Fig. 5f, g); b) columnar cement and/or other textures that fill spaces; c)
clear limits between the clasts and the first generation of cement; d) volumetric proportion of
cement significantly more significant than 50%; e) floating clasts; f) rupture points in cement
layers where there was previously a headdress.

Mapping breccia morphology along the outcrops revealed structures produced by differ-
ent flow regimes, such as chaotic and mosaic breccias characterizing the proximal parts of the
faults and crackles and veins in zones distal to the faults (e.g. Berger & Herwegh 2019, Chan et
al. 2022). The central zones (close to the faults) correspond to a high-flow regime zone;
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consequently, the marginal zones correspond to a low-flow zone. The different types of breccias
present in the same body reveal differing hydrodynamics: spatial or with temporarily different

flow regimes (multiphase) in the brecciation and cementation process.
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Figura 26 - lllustration of the schematic model of breccia formation associated with the precipitation of the para-
genetic assemblage. (a) Fracturing related to dilational faults; (b) Fluid percolation and precipitation of DC1 (such
as cement preceding fracturing) associated with apatite and K-feldspar; (c) Continuous fluid injection and preci-
pitation of DC2; (d) Refracturing, fluid injection, replacement of matrix by RD3, precipitation of DC3, CC, per-
vasive silicification, and migration of bitumen

The initiation of fracturing in this rock occurred due to seismic activities along large-
scale faults, the growth of the first rim of the cockade is interpreted as the result of the main
shock of an earthquake (Sibson 1981, Boullier & Robert 1992, Berger & Herwegh 2019). The
isotopic similarity between DC1 and RD1 indicates that the precipitation of the initial cementa-
tion phase occurred with the significant involvement of basinal fluids under pressure, similar to
those involved in forming the host rock and/or low-temperature hydrothermal fluids. The fluid
overpressure initially induced the widening and filling of pre-existing spaces (pores and frac-

tures), resulting in in-situ fracturing (crackles) of the dolostone layers. The propagation of
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seismic pulses expanded the fluid migration corridors, creating a more open framework where
clasts are suspended and surrounded by dolomitic cement.

In general, fluid flow in fault-related hydrothermal systems is sporadic due to seal frac-
ture and fault valve processes associated with seismic activity (Sibson 1981, Cathles & Smith
1983, Boullier & Robert 1992). However, the significant isotopic and textural differences be-
tween DC1 and DC3 indicate a drastic change in the dolomitizing fluids. Despite the composi-
tional disparity between the pulses of dolomitizing fluids, the hydrodynamic pathways were
remarkably similar since the fluid flow accompanied the pre-existing structures, leading to their
enlargement. Clast fracturing in the pre-formed breccias predominantly occurred along the su-
tures of the earlier cement (Frenzel & Woodcock 2014).

- Delimitation of the breccia

The cemented breccia is a diagnostic lithology of the Serra do Quilombo Formation,
suggesting that seismic events and percolation of overpressured fluids were restricted to this
rock package. The occurrence of these rocks, confined between a unit composed of micritic
limestones and shales rich in organic matter (Guia Formation), and another strongly silicified
sandy dolomitic unit (Nobres Formation), may have acted as a sealant and restricted the perco-
lation of hydrothermal fluids. Furthermore, the breaches in the contact between limestone-dolo-
stone (dolomitization fronts) and the strong local structuring are directly related, given that the
first dolomitization event generated a mechanical difference between the rock packages. Thus,
during seismic events, the dolomitization front facilitated the generation of fracture corridors
and faults that facilitated the flow of hydrothermal fluids, hydrofracturing these rocks (Koeshi-
dayatullah et al. 2022 and references therein). Additionally, Peacock et al. (2019) demonstrated
that when fluids in two rock masses with markedly different fluid pressures suddenly connect
to form a single fluid column, fluid-supplied brecciation can occur in the rock mass at a higher
stratigraphic position. The fluid pressure gradient is parallel to the hydrostatic gradient, so fluid
pressure can be high enough to create a network of fluid inflow fractures (hydrofractures) as
they migrate to zones of lower fluid pressure. Therefore, as the brecciation is linked to burial
processes, the presence of this lithology may have biased the visualization of the best way to
organize the lithostratigraphy of the Araras Group.

5.5.3 Mechanism of dolomitization and evolution of the fluids

Primary dolomite occurs rarely and depends on specific conditions, even within Precam-
brian deposits. However (Arvidson & Mackenzie 1999, Warren 2000), dolomitization processes
are common in several diagenetic environments and can occur from early diagenesis to deep

burial (Warren 2000). The different types of dolomites, their paragenetic relationships, and the
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distinct isotopic signals reveal multiple stages of dolomitization, which begin in eodiagenesis
and continue through phases of deep burial.

o113 C

| -4 2 0 ¢ 4 6
-1 Ediacaran
Carbonates
-3
o 5
> o}
—
/=)
-7

& G
) * ‘ 1 Hydrothermal
# Fluid

11 - 0-"i R2=0,0908 ® RD1/RD2

- R2=0,5237 A DC 1
, R2=0,7297 @ DC 3

Re#=0, 7275 % RS

-13
0,713
]
0.712
. *®
> 0.711 =
Hydrothermal ] lédla:)caran ZJ
Fluid arbonates ® 0.710 \g
N
i LAY 0,709 =
e ® o
P 0,708 @ RDI1/RD2
A DC1
0,707
-12 -10 -8 -6 -4 -2 0 m DC3
6'80 ¢ RD3

Figura 27 - 8'3C vs 50 and 'Sr/%Sr vs 580 plots of the constituents of the Serra do Quilombo Formation.
Ediacaran marine carbonates signature according to Jacobsen & Kaufman (1999), Nogueira et al. (2007), and
Nogueira et al. (2019).
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The succession of offshore dolostones from the Serra do Quilombo Formation changes
to a shallow upward trend, passing through the sedimentation of the coastal and intertidal facies
from the Nobres Formation. The abundance of stromatolites from the coastal facies can account
for early organic diagenesis, where dolomitization occurs as a primary precipitation mediated
by microbial communities through organomineralization processes in the Nobres Formation
(Dupraz et al. 2009, Romero et al. 2022). However, the Serra do Quilombo Formation comprises
open sea deposits with no records of microbial activities that could assist the dolomitization
process (Nogueira et al. 2022)

- Near-surface dolomitization fluids

The §*C values of the dolomitic matrix (RD1/RD2) show a low correlation with the
5180 values (R2=0.009), suggesting that subsequent changes were minor (Kaufman & Knoll
1995). Additionally, the well-preserved fabric and the size of the near-micritic grains of RD1
suggest that a dolomitizing fluid was likely influenced by seawater. Furthermore, the 5'3C and
87Sr/%Sr values described here fall within what is commonly documented for Ediacaran car-
bonates (Jacobsen & Kaufman 1999, Nogueira et al. 2007, Nogueira et al. 2020), confirming
the excellent preservation of isotopic signals. The 5180 isotopic composition of carbonates is
influenced by fluid composition and precipitation temperature (Urey et al. 1951). Therefore, the
temperature for RD1 precipitation was not high, implying a diagenetic environment of shallow
burial (T < 50 °C, Goldstein & Reynolds 1994). Thus, RD1 is interpreted as the complete re-
placement of carbonate mud (micrite) in the studied succession. The potential dolomitization of
the fluid was not very effective in the contact zone with the thin limestones and oil shales of the
Guia Formation (due to low permeability; Soares et al. 2020).

- Hydrothermal dolomitization fluid

The definition of hydrothermal alteration in carbonate deposits can be expansive (e.g.
Machel & Loone 2002). Here, we consider hydrothermal fluids as aqueous, warm, or hot solu-
tions relative to their surrounding environment (host rocks). Furthermore, there needs to be the
ascent of fluids through fault systems and the precipitation of minerals compositionally alloch-
thonous to the host rock (Machel & Lonnee 2002, Al-Aasm 2003, Machel 2004, Davies & Smith
2006).

The §*3C values of RD3 and DC3 are similar to those of RD1/RD2, indicating isotopic
similarity in 5*C between the fluids generating these phases. However, other petrographic fea-
tures, such as the large crystals with characteristic curved faces and undulating extinction and
5180 values, differ considerably, as evidenced by R2 = 0.72 for RD3 and DC3 (Fig. 11). The

5180 values for saddle dolomite and the RD3 substituent matrix are less than -8%o. Dolomites
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with negative oxygen isotopic compositions are expected for deep burial fluids at high temper-
atures due to 8'80 enrichment in the fluid phase (Allan & Wiggins 1993, Faure & Mensing
2004). This suggests that the fluids that generated RD3 and DC3 had higher temperatures than
those that generated RD1, RD2, and DC1. However, the 8**C values of the hydrothermal dolo-
mite are close to the original marine signature of the near-micritic dolomite matrix (RD1), indi-
cating that the carbon isotopic composition of the fluid was buffered by the host rock, suggesting
a possible basinal source for the fluid.

Defining mineralizing fluids origin, source, and migration is challenging because hydro-
thermal solutions, oil, and hydrocarbon gases travel along common paths and follow the same
hydrodynamic laws (Balitsky et al. 2007). Faults can act as a barrier or conduit for fluids, de-
pending on the permeability of the fault core (Caine et al. 1996). However, there is a tendency
towards lower 8'80 values, with higher values of 8Sr/%°Sr, indicating an increase in ®’Sr in the
fluid as the temperature increases. The most probable source of radiogenic strontium is the in-
teraction of this fluid with crystalline basement rocks and diamictites of the Puga Formation.
Thus, the main conduit for the rise of this radiogenic fluid would be faults with deep roots,
cutting through the crystalline basement. The fault valve model can explain the cyclic increase
in fluid through fault systems (Ramsay 1980, Sibson 1987).

- Silicification fluids

These rocks interpret two silicification events based on the textural relationship between
saddle dolomite and silica. The first event is fabric-retentive and grain-selective, primarily re-
placing the ooids and filling the interparticle voids. Subsequently, there is pervasive silicifica-
tion, with poor preservation of constituents and the precipitation of drusiform, fibro-radial mac-
rocrystalline quartz, chalcedony, and chert, leading to the dissolution of the saddle dolomite.
The second silicification event is hydrothermal in origin based on its textural relationship.

The first silicification event fills the primary porosity between the grains, indicating it
occurred before effective compaction, with the participation of Ediacaran seawater. During the
Ediacaran, abundant chert levels (nodules and bands) were hosted discontinuously in dolostones
worldwide, formed by replacing precursor carbonate minerals and reprecipitating as mi-
croquartz. The sources of silica-rich fluids in the Ediacaran oceans are widely discussed and can
include biogenic, continental weathering, normal and/or mixed seawater, or hydrothermal
(vents; Wen et al. 2016, Chen et al 2018, Wang et al. 2022). On the other hand, the second
silicification event has a paragenetic relationship with saddle dolomite cement (DC3), where the
replacement/dissolution of DC3 by silica is noticeable. Thus, this silicification phase is related
to rising hydrothermal fluids rich in silicon. Furthermore, the hydrothermal silicification process
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dissolves the carbonates due to the siliceous fluid's acidic nature, increasing the porosity and
permeability of the host rock due to the dissolution generated by the acidic nature of the siliceous
fluid.

The supersaturation in silica can be explained by the interaction of the hydrothermal
fluid with the crystalline basement rocks, evidenced by the enrichment in 8Sr, the dolomitic
phase (DC3). The suspended silica in the fluid rises to reach shallower stratigraphic levels. Pet-
rographic relationships show that the fluid had alkaline pH, high Mg?" and Ca** ions concentra-
tions, and high temperatures for saddle dolomite precipitation (Fig. 15). As dolomite precipita-
tion occurs, the fluid is depleted in Mg?*, and precipitation of late calcite cement occurs. The
multiple pulses and/or changes in fluid composition are evidenced by highly zoned dolomite
and calcite crystals. Furthermore, successive changes in the conditions of the hydrothermal fluid
generated a drop in temperature and/or pH, resulting in a decrease in the solubility of silica and
the precipitation of silica as cement, partially replacing the matrix, and generating secondary
porosity due to the dissolution of the host rock.

Therefore, ongoing silicification studies in the Nobres Formation, conducted to the same
level of detail as those reported here for the Serra do Quilombo Formation, present an excellent
opportunity to expand previous interpretations and formulate a more comprehensive understand-
ing of the processes generating porosity and permeability caused by the ascent of silica-enriched
hydrothermal fluids. These constraints will provide a more robust and significant insight into
the thermal conditions in the Araras-Alto Paraguai basin. Furthermore, the possible early silici-
fication with the participation of seawater may yield important insights into understanding the
paleoceanographic conditions of the terminal Ediacaran.

5.5.4 Evolution and age of events

The studied succession of the Araras-Alto Paraguai basin (AAPB) occurs for more than
200 km and exhibits features with few changes in paragenesis and macroscopic and microscopic
textures indicative of a large-scale geodynamic event (Fig. 16a). Santos et al. (2020) reorganize
this geotectonic framework of the southern Amazon craton and show that the transpressional
ductile deformation and metamorphism of the Cuiaba Group are older than the deposition of the
AAPB. The cooling phases related to this event are poorly estimated, and this data is fundamen-
tal for understanding the heating conditions that affected the region. After the consolidation of
the Paraguai Belt developed on Cuiaba rocks, the terminal Cryogenian and beginning of the
Ediacaran was marked by the implantation of the extensional basin (AAPB), with the develop-
ment of carbonate platforms whose initial sedimentation is represented by Marinoan glaciogenic

diamictites. The post-glacial conditions were marked by the deposition of cap carbonate
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succeeded by long-term transgression with lime-mudstone precipitation (Nogueira et al. 2019,
Soares et al. 2020, Santos et al. 2021, 2023). The transgressive system tract was replaced by
highstand deposits comprising fine dolostone, likely a product of dolomitized lime mudstone,
which later hosted the BC deposits. The offshore dolostone succession changes for a shallowing
upward tendency passing for shoreface and intertidal sedimentation. The early dolomitization
of lime mud and silicification events occur under near-surface burial conditions. Locally, the
syndepositional dolomitization in the coastal facies was induced by microbial activities
(Nogueira & Riccomini 2006, Milhomem et al. 2013, Rudnitzki et al. 2016, Romero et al.
2022).

2° Dolomitization and silicification
event (Hydrothermal)

Cambrian ~528-485 Ma
NW & T

N~ dicaran-Cambrian Unconformity ~80 Myre™ o~

Ediacaran ~ 623 - 614 Ma Sea-level fall followed by uplift of the
southern margin of the Amazon Craton
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Figura 28 - Summary of the evolutionary sequence of the studied rocks and their association with the evolution of
the Araras-Alto Paraguai Basin.

The basin underwent a long period of starvation concomitant with a sea-level fall, fol-
lowed by an uplift of the southern margin of the Amazon Craton, lasting for ~80 Ma (Santos et
al. 2017, Nogueira et al. 2019, Santos et al. 2020). This uplift generated a pronounced uncon-
formity in the Upper Araras Group. The uplift of the basin and mesodiagenetic events generate
a primary bitumen migration, which occurs laterally with the organic-rich rocks of the Guia
Formation and the upper cap dolostone (Mirassol d’Oeste Formation; Soares et al. 2020, Santos

et al. 2023). The occurrence of breccias in geological successions could potentially serve as
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conduits for migrabitumen, as hydrocarbon reservoirs hosted in matrix-replacing dolomitization
are significant in sequence stratigraphy due to their role in porosity development (reorganization
of the pore space (Al-Aasm 2003, Davies & Smith 2006). However, migration within the lower
and upper Araras Group deposits was inefficient due to their early diagenetic history. Our para-
genetic sequence reveals that the bitumen in the matrix (Fig. 6a) was confined to the contact
with the source rock (Fig. 3a). The limited occurrence of migrabitumen (Sousa et al. 2016, van
Maldegem et al. 2018) filling post-DC3 vugs likely formed during the final migration phase of
the Araras unconventional petroleum system (Santos et al. 2023), possibly associated with mi-
gration by hydrothermal fluids or a transtensional event (Cf. Santos et al. 2020).

The subsidence was associated with sea-level rise and sourceland renewal of the AAPB,
resulting in the establishment of the Cambrian siliciclastic platform dominated by the tide and
storm processes at 528 Ma (Bandeira et al. 2012, Santos et al. 2017, Nogueira et al. 2019). Basin
subsidence reflects an extensional tectonic event contemporaneous with the emplacement and
crystallization of the Séo Vicente granite at 518 + 4 Ma (McGee et al. 2012). The extensional
event and granitogenesis occurred under geotectonic and geothermal conditions that caused seis-
micity, favoring the installation of hydrothermal fault-controlled systems (cf. Davies & Smith,
2006). This scenario was fundamental for developing the brecciation and evolution of the dia-
genetic fluids related to this study.

Santos et al. (2020) utilized the Cambrian-Ordovician “°Ar/*Ar cooling ages for the
metamorphic rocks from the Cuiaba Group (cf. Geraldes et al. 2008, Tohver et al. 2010), which
are related to the development of the transtensional faults and drag folds that also affect the
AAPB, disrupting the layers. Furthermore, the presence of tectonic stylolites cutting the ce-
mented breccias and sub-vertical zebra texture is an indication that they were already formed
during the installation of the post-Ordovician brittle transtensional structures (Santos et al. 2020,
Seoane & Domingos 2021).

The Mesozoic rifting events during the opening of the Atlantic Ocean and the emplace-
ment of the Tapirapud Formation basalts (200 + 6 Ma) caused more significant uplift in the
southern region of the Amazon Craton (Santos et al. 2020, Rezende et al. 2021) and may gen-
erate a local influence on the diagenetic evolution of the Araras Group carbonates, e.g. Gaia et
al. 2017. Despite the magnitude of the event, the textural evaluation presented here, as well as
by other authors (Nogueira et al. 2003, 2007, 2022, Soares et al. 2013, 2020, Santos et al. 2021,
2023) confirms that the rock system of the Araras Group low impact of the thermal events, this
sense, the rocks of the Serra do Quilombo and the Araras deposit have been minimally affected

by Upper Phanerozoic and Mesozoic diagenesis.
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5.6 CONCLUSIONS

The evolution of the Serra do Quilombo Formation from deep marine to shallow lime-
stone environments involves early diagenetic alterations, followed by silicification and mesodi-
agenesis marked by tectonic and hydrothermal fracturing. Breccia formation, driven by seismic
activities and overpressured fluids, highlights the complex interaction between geological and
structural boundaries. Dolomitization processes, spanning near-surface to deep burial environ-
ments, reveal multiple interaction events influenced by marine and hydrothermal fluids. This
interaction between the processes of dolomitization and silicification, as well as the evolution
and origin of fluids, is complex and is essential for shaping the top unit of the Araras group. The
synchronous geological events observed across distinct sections of the southern Amazon Craton
highlight the regional-scale nature of these processes. Continuous tectonic and diagenetic events
shape the geological framework of the region. The formation of carbonate breccias, mediated
by seismic activities and assisted by hydrothermal fluids, represents a significant aspect of the
dynamic evolution of the Araras-Alto Paraguay basin.

Additionally, differences in the physico-chemical conditions of the rock package at the
time of tecto-thermal activities played a fundamental role in the arrangement of dolomite bodies
and the occurrence of cemented breccias. Understanding these processes contributes to unrav-
eling the region's geological history and sheds light on the broader mechanisms driving diage-
netic and hydrothermal phenomena in similar geological settings worldwide. New studies will
be necessary to evaluate the extent of the hydrothermal event and restrict it concerning the tec-
tonic history of the northern range.
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6 CONCLUSAO

A evolucdo da Formacdo Serra do Quilombo comega com deposi¢cdo em ambientes ma-
rinhos moderadamente profundos, transitando para ambientes mais rasos caracterizados por de-
positos calcarios. Os processos iniciais de substituicdo por RD1 indicam alteracdes diagenéticas
precoces, preservando a estrutura primaria das rochas, seguidas de eventos subsequentes de
silicificacdo. A fase de mesodiagénese € indicada por fraturamento tectdnico e/ou hidrotermal,
facilitando a formacéo de brechas e a precipitacdo de fases distintas de cimento e de substitui-
cdo. Os clastos angulares e o arranjo em forma de quebra-cabeca das brechas apontam para
processos de hidrofraturamento impulsionados por fluidos sobrepressurizados, provavelmente
relacionados a fluxos verticais de fluidos.

A presenca de texturas de cocar (cockade) sugere flutuacGes nas taxas de precipitacao e
nas fases de cimentacdo. O mapeamento da morfologia da brecha revela diferentes regimes de
fluxo, indicativos de condi¢des hidrodindmicas variadas durante a brecha. Atividades sismicas
ao longo de falhas de grande escala iniciam o fraturamento, com subsequente migragéo de flu-
idos aumentando a formacdo de brechas. O confinamento da brecha cimentada dentro de uni-
dades litologicas especificas destaca o papel dos limites geologicos e estruturais na percolacédo
de fluidos e na génese da brecha.

Os processos de dolomitizacdo, abrangendo desde ambientes de sepultamento proximos
a superficie até ambientes profundos, sdo elucidados por meio de analises isotdpicas e texturais.
A precipitacdo primaria de dolomita e subsequentes eventos de dolomitizacdo hidrotermal séo
discernidos com base em assinaturas isotdpicas e composic6es de fluidos. Eventos de silicifi-
cacdo e dolomitizacdo, ocorrendo sob diversas condi¢fes de soterramento, séo indicativos de
multiplos processos de interacdo de migracdo e interacdo de fluidos, ambos com influéncias
marinhas e hidrotermais. Essa interacdo entre 0s processos de dolomitizacdo e silicificacao,
bem como a evolucdo e origem dos fluidos, é complexa e importante para a formacéo da uni-
dade superior do grupo Araras.

Os eventos geologicos sincronos observados em secdes distintas do sul do Craton Ama-
zbnico destacam a natureza em escala regional desses processos. Uma continuidade de eventos
tecténicos e diagenéticos molda o arcabougo geoldgico da regido. A formacéao de brechas car-
bonaticas, mediada por hidrofraturamento e percolacéo de fluidos, representa um aspecto sig-
nificativo desta evolucdo dinamica. A compreensédo destes processos nao sé contribui para des-
vendar a historia geoldgica da regido, mas também langa luz sobre 0s mecanismos mais amplos
gue impulsionam os fenbmenos diagenéticos e hidrotermais em ambientes geoldgicos seme-

Ihantes em todo o mundo.
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