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RESUMO

A influéncia da tectdnica do supercontinente Gondwana é registrada no Graben Arroio
Moirdo (RS), um relicto sedimentar associado ao Tridssico da sec¢ao continua da Bacia
do Parand, preservado sobre o Escudo Sul-Riograndense. Entretanto, o graben dista
150 km da secao continua e ndo apresenta nenhuma correlacéo estratigrafica clara.
Baseado em novos dados sedimentologicos, paleontolégicos e em abordagem de
estratigrafia de sequéncias nova, se propde um arcabouco estratigrafico para o
Graben Arroio Moirdo e a sua correlagdo com a secdo continua da Bacia do Parana.
O graben é composto pelo empilhamento de sequéncias de alta frequéncia, com
granodecrescéncia ascendente, definido como flood units em um modelo de leques
terminais. O conteudo fossilifero corresponde a Sequéncia Candelaria de idade
Carniana, e estratigraficamente corresponde aos depdsitos proximais da bacia
triassica relacionados ao Escudo. As unidades do graben estdo em contato direto com
0 embasamento e esta superficie representa um pulso de soerguimento, que erodiu
as sequéncias anteriores, seguido por um rebaixamento que registrou a Sequéncia
Candelaria. A reativacdo das estruturas herdadas do embasamento é relacionada a
orogenia triassica na margem sudoeste do Gondwana e responsavel pelo controle

deposicional dentro do Graben Arroio Moiréo.

Palavras-Chave: Bacia do Parana, Triassico, Graben Arroio Moirdo, Estratigrafia de
Sequéncias, Tectbdnica.



ABSTRACT

The influence of Gondwana tectonics in the Triassic is registered in the Arroio Moiréo
Graben, a relict sedimentary unit associated with the Triassic section of Parana Basin,
preserved over the Sul-Riograndense Shield. However, this graben is 150 km far from
the Parana Basin and has no clear stratigraphic correlation with the main Triassic
outcropping area. Based on new sedimentological, paleontological and sequence
stratigraphy analysis, we propose a sequence stratigraphy framework for the graben
units and correlation with the Triassic section of Parana Basin. The graben has a
stacking of high-frequency sequences with fining upward trend, defined as flood units
in a Terminal Splay model. The fossil content corresponds to the Hyperodapedon
assemblage zone with Carnian age. These sequences are correlated with Candelaria
Sequence from Parana Basin and represent a more proximal facies-association
related with a source-area from the shield. The graben units are directly overlying the
basement units and this surface registers an uplift that eroded the previous
sedimentary record of Parana basin followed by a Middle Triassic basin wide
subsidence. The reactivation of inherited structures from the basement was related to
the southern Gondwana orogeny in Middle to Late Triassic that controlled the

deposition in the Arroio Moirdo Graben.

Keywords: Parana Basin, Triassic, Arroio Moirdo Graben, Sequence Stratigraphy,

Tectonics.



Estrutura da Dissertacéao

Esta dissertacao possui um capitulo introdutorio que resume o Tridssico do Rio
Grande do Sul, explicando os problemas litoestratigraficos, a evolucédo do arcabouco
cronoestratigrafico e como se propds a nova abordagem utilizando os conceitos de
sequéncia de alta frequéncia para depdsitos continentais. A seguir, é detalhada a
localizacdo da area de estudo, seu contexto geoldgico, metodologia utilizada e um
texto integrador. Complementa a dissertacao o artigo “The Triassic belt preserved in
Arroio Moirdo Graben, southernmost Brazil: Depositional system, sequence
stratigraphy and tectonics” — ( http://dx.doi.org/10.1016/].jsames.2017.05.002).
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1. INTRODUCAO

O Triassico € um tema recorrente na literatura geologica do estado do Rio Grande
do Sul (RS), devido ao importante contetudo fossilifero de vertebrados e por se tratar
do mais relevante registro sedimentar desse periodo em todas as bacias
intracratbnicas brasileiras. Embora estudado desde o Relatério White (1908), diversos
problemas litoestratigraficos persistem até hoje, devido a uma miriade de unidades
estratigraficas criadas e muitas vezes conflitantes. A primeira abordagem unificadora
ocorre com a proposi¢do de um arcabouco estratigrafico baseado nos conceitos da
Estratigrafia de Sequéncias, proposto por Zerfass (2003). Este arcabouco prop6s duas
sequéncias deposicionais de segunda ordem, Supersequéncias Sanga do Cabral
(Triassico Inferior) e Santa Maria (Triassico Médio), sendo a Supersequéncia Santa
Maria subdivida em trés sequéncias deposicionais de terceira ordem (Santa Maria 1,
2 e 3). Além disso, foi proposto um modelo tectbnico para essas sequéncias,
relacionando a tectbnica triassica do Gondwana com a formacéo de riftes intraplaca
na Bacia do Parana. A proposicdo de uma nova sequéncia de terceira ordem para a
Supersequéncia Santa Maria (Horn et al., 2014) reescreve a histéria deposicional do
Tridssico da Bacia do Parana. Esta nova sequéncia situa-se entre as sequéncias
Santa Maria 1 e 2 e possui conteudo fossilifero tnico. Horn et al. (2014) propde a
renomeacdo de todas as sequéncias deposicionais de terceira ordem da
Supersequéncia Santa Maria utilizando os toponimos da secdo tipo de cada

sequéncia.

A estruturacdo desse novo arcabouco permite a correlacdo do cinturdo Triassico
preservado sobre o Escudo Sul-Rio-Grandense com a secdo continua da Bacia do
Parana. Os depdésitos triassicos estdo preservados no Graben Arroio Moirdo e tem
sido objeto de estudo por mais de 50 anos (Tessari & Picada, 1966). Estes depdsitos
refletem os mesmos problemas litoestratigraficos da secdo continua da bacia do
Parana, e a falta de unificagcdo nas unidades estratigraficas, bem como um fraco
detalhamento do conteudo fossilifero, geraram confusdes acerca da idade relativa
desses depositos. A descoberta do fossil de Rhincossauro, Hyperodapedon féssil guia

da Sequéncia Candelaria, define a idade dos depdsitos triassicos como Carniana.
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O objetivo desta monografia é propor uma correlacdo do cinturdo Tridssico
preservado no Graben Arroio Moirdo com a sec¢do continua da Bacia do Parang,
utilizando novas abordagens para os modelos deposicionais ja propostos, novas
abordagens quanto a Estratigrafia de Sequéncias e relacionando estes resultados
com a tectdnica vigente no Triassico. A compreensao dos depdsitos triassicos dessa
regido torna-se mais clara quando interpretada a luz de uma sedimentacdo combinada
com a atividade tectbnica, onde predominam sistemas de leques efémeros
interpretados como sequéncias de alta frequéncia do tipo T-R. Estas mesmas
sequéncias T-R sao identificadas na sec¢do continua da Bacia do Parana,
possibilitando a correlagao cronoestratigrafica com o cinturdo Triassico preservado no

Graben Arroio Moirao.

1.1. JUSTIFICATIVA

Os fragmentos isolados da Bacia do Parana sobre o Escudo Sul-Rio-Grandense
carecem de posicionamento estratigrafico e correlacdo precisa em relacdo as
unidades contiguas dessa bacia. Um arcabouco estratigrafico de alta resolucao, na
forma de um estudo pormenorizado de facies, sucessoes e arquiteturas deposicionais,
€ um instrumento adequado para estabelecer correlacdes mais acuradas. Em
consequéncia, ao entender-se melhor certos eventos que sao estratigraficamente bem
marcados em regides de borda da bacia pode-se esclarecer situacdes que em areas

contiguas da bacia ndo sdo muito expressivas.

Nesse contexto, ressalta-se a tentativa de unificar a abordagem estratigrafica do
Triassico da Bacia do Parana. Prefere-se abordar o Triassico a luz da Estratigrafia de
Sequéncias, seguindo a proposta de Horn (2016), deixando de utilizar as unidades

conflitantes da litoestratigrafia tradicional.



2. CONTEXTO GEOLOGICO

A Bacia do Parana, uma das maiores bacias intracratonicas do continente sul-
americano, inclui porgdes territoriais do centro-sul brasileiro, Paraguai, nordeste da
Argentina e norte do Uruguai, totalizando uma area que se aproxima de 1,5 milhdo de
quildbmetros quadrados. Possui forma oblonga com eixo maior N-S, sendo seu
contorno atual definido por limites erosivos relacionados em grande parte a historia

geotectonica mesocenozoica do continente.

Sua historia geoldgica gonduéanica esta registrada em mais de 7 mil metros de
pacotes vulcano-sedimentares. Segundo Milani (1997), séo identifichveis seis
supersequéncias, separadas por discordancias de extenséo inter-regional (sensu Vail
et al., 1977), representativas de episddios tectono-sedimentares: Rio Ivai
(Ordoviciano-Siluriano), Parana (Devoniano), Gondwana | (Carbonifero-Eotridssico),
Gondwana Il (Meso a Neotriassico), Gondwana Il (Neojurassico-Eocretaceo) e Bauru
(Neocretaceo). As supersequéncias Rio Ivai, Parana e Gondwana | representam
ciclos transgressivos-regressivos relacionados a variacdo do nivel do mar, enquanto
gue Gondwana IlI, Gondwana Ill e Bauru sdo continentais com registro vulcanico

associado.

Os afloramentos triassicos ocorrem como parte da secdo continua da Bacia do
Parand, controlados pela Zona de Falha Jaguari-Mata (Oeste) e pela Zona de Falha
Vigia-Roque (Leste) e como um cinturéo isolado sobre o Escudo Sul-Riograndense
(Figura 1). Os afloramentos triassicos na sec¢do continua foram descritos
primeiramente por White (1908) e Oliveira (1918) devido ao conteudo fossilifero de
paleotetrapodos de idade mesotriassica. A Formacao Santa Maria foi proposta por
Gordon Jr. (1947) e sua posterior divisdo em Formacdo Santa Maria e Formacéao
Caturrita por Andreis et al. (1980). A presenca de uma fauna de paleovertebrados, que
incluem therapsidas, rhincossauros e sphenodontideos, estabeleceu trés biozonas
com idades distintas: Therapsida com idade Ladiniana, Rhincossauria com idade
Carniana e Jachaleria com Idade Noriana (Barberena, 1977; Barberena et al., 1985;

Schultz, 1995; Schultz et al., 2000). A sequéncia triassica foi depositada em ambiente



continental com sistemas deposicionais fluvio-lacustres (Holz & Souto-Ribeiro, 2000;
Zerfass et al., 2003; Da Rosa, 2015).
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Figura 1 — Mapa geologico simplificado do estado do Rio Grande do Sul (modificado de Zerfass et al., 2003).
Retangulo vermelho representa a area de estudo. GAM = Graben Arroio Moir&do, ZFJM = Zona de Falha
Jaguari Mata, ZFVR = Zona de Falha Vigia Roque, ZCDC = Zona de Cisalhamento Dorsal de Cangucu, ZF
AP = Zona de Falha A¢oteia-Piquiri, ZFI = Zona de Falha de Ibaré. Retangulo vermelho detalha os dominios
tectdnicos do Escudo Sul Riograndense (modificado de Wildner et al., 2006), mostrando a relagdo do
Graben Arroio Moirdo com as estruturas do embasamento.

Zerfass (2003) propds um arcabouco tectono-estratigrafico mais elaborado
para as sucessdes continentais triassicas no Rio Grande do Sul. Seu trabalho define
duas supersequéncias deposicionais de segunda ordem, respectivamente: Sanga do
Cabral (Triassico Inferior) e Santa Maria (Triassico Médio a Superior). A primeira, inclui
depdsitos fluviais efémeros de baixa sinuosidade e planicies de baixo gradiente.
Baseado em fésseis de tetrapodes, especialmente Procolophonidae, a idade Induano
Superior € estimada para essa sequéncia (Lavina, 1982; Santana, 1992; Schultz,
1995; Silva,1999). As associac¢Oes de facies da Supersequéncia Santa Maria indicam

rios de baixa sinuosidade, deltas e lagos.



Horn et al. (2014) definiu uma nova sequéncia de terceira ordem para a
Supersequéncia Santa Maria (Sequéncia Santa Cruz), baseado em novos dados de
campo e paleontoldgicos. Esta sequéncia situa-se entre as Sequéncias Santa Maria
1 e 2 de Zerfass (2003). O autor também prop6s uma readequacao da nomenclatura
das sequéncias nomeando-as de acordo com os topdnimos da secao tipo de cada
uma. Dessa forma, a Sequéncia Pinheiros-Chiniqua corresponde a Sequéncia Santa
Maria 1, a nova Sequéncia Santa Cruz, a Sequéncia Candelaria corresponde a
Sequéncia Santa Maria 2 e, por ultimo, a Sequéncia Mata corresponde a Sequéncia
Santa Maria 3.
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O cinturdo Tri4ssico preservado no Graben Arroio Moirdo (GAM) é orientado
segundo as estruturas do Escudo Sul-Riograndense, que é caracterizado por falhas e
dobras de direcdo NE herdadas da Orogenia Brasiliana (900 — 530 Ma) (Chemale Jr.,
2000; Hartmann et al., 2007). O graben é limitado a oeste pelo Terreno Sdo Gabriel
(Chemale Jr, 2000), a leste pelo Batdlito de Pelotas (Hartmann et al., 2000) e situa-se

inserido no Terreno Tijucas (Jost & Bittencourt, 1980) (Figura 1).

Este cinturdo Triassico era atribuido como Formacgéo Caneleiras (Tessari &
Picada, 1966), porém o desuso dessa denominacéo no final da década de 1990 abriu
o debate para o posicionamento estratigrafico correto dessas unidades (Menegat et
al., 1994). A proposicao de uma abordagem tectono-estratigrafica (Menegat, 1995),
integrou as unidades isoladas sobre o Escudo na regido de Encruzilhada do Sul.
Foram caracterizadas duas sequéncias deposicionais correlacionaveis a Formacgao
Rio Bonito e as formacdes Rio do Rasto e Sanga do Cabral. As discordancias que
separam tais sequéncias tém sua génese relacionada a reativacdes tectbnicas do
embasamento, mais especificamente da Zona de Cisalhamento Transcorrente Dorsal
de Cangucu, durante o Permiano Superior,

Ketzer (1997) reconhece no GAM a Formacao Sanga do Cabral constituida por
facies lacustres, deltaicas, fluviais e edlicas e, Forma¢do Santa Maria, com facies
fluviais, pelitos lacustres e arenitos finos e siltitos lenticulares, deltaicos. A idade
triassica ja era atribuida aos depdsitos GAM pelo trabalho de Faccini et al. (1990), que
indentificou fosseis de rincossauros correlacionando-os com a Cenozona de

Rincossauros.

Os trabalhos da Companhia de Pesquisas de Recursos Minerais (CPRM)
incluiram as unidades sedimentares do GAM no Grupo Rosario do Sul, o qual
compreende as formacgfes Sanga do Cabral e Santa Maria. Posteriormente, 0 mapa
geoldgico da Wildner et al., (2006) incluiu os depésitos do GAM na Formacdo Sanga
do Cabral.

Lima (2016) prop6e um modelo de inunditos para os depdsitos Triassicos do
Graben Arroio Moirdo, onde fluxos subaquosos episddicos, desconfinados e de baixa
densidade que com o passar do tempo progradam desenvolvendo canais efémeros.

Com a subida do nivel de base, estes fluxos progradantes sdo afogados e,



posteriormente, expostos. Este ciclo caracteriza uma sucessdo de fécies

granodecrescente ascendente atribuida como depdsitos de inundito.

1. AREA DE ESTUDO

O Graben Arroio Moirdo € uma feicdo morfolégica deprimida inserida no Escudo
Sul-riograndense, tem extensao de 47 km na direcdo NW/SE e 27 km na direcao
NE/SW. O graben é limitado pela Zona de Falha Acoteia-Piquiri no NW, pela Zona de
Cisalhamento Dorsal de Cangucu no SE e cortado ao meio pela Falha do Chapadéao
(Wildner et al., 2006). Destacam-se duas zonas principais de afloramento de rochas
triassicas, uma ao longo de Br-392 e outra no setor sudoeste do graben. Ambas as
zonas seguem estruturas NE do embasamento, estando as rochas tridssicas

sobrepostas ao Complexo Metamaorfico Porongos.
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Figura 3 Mapa geoldgico simplificado do Graben Arroio Moirdo. Unidades do embasamento e estruturas
segundo Wildner et al. (2006). Sequéncia Candelaria segundo Horn et al. (2015). Datum WGS 84 fuso 22J.



2. METODOS

Este trabalho prop6e uma abordagem alternativa para as unidades triassicas da
Bacia do Parand. Embora o arcabouco de Zerfass et al. (2003) j& use sequéncias
deposicionais, o modelo utilizado ndo é o mais apropriado para sequéncias
iminentemente continentais. Neste trabalho adota-se a metodologia de Estratigrafia
de Sequéncias para sistemas aluvias (Martinssen et al., 1999) que define dois tratos
de sistema. O trato de sistema de baixa acomodacéao (quando ha predominio de facies
fluviais sobre facies lacustres) e o trato de sistemas de alta acomodac¢édo (quando ha
predominio de facies lacustres sobre facies fluviais). Foi utilizado também o conceito
de sequéncias de alta frequéncia (Zecchin & Catuneanu, 2013) que permite o
reconhecimento de sequéncias, tratos de sistemas na escala de afloramento, modelos
deposicionais do tipo leque terminal (Fisher et al., 2008) e o conceito de flood units
(Plink-Bjorklund, 2015). A escolha dos modelos deposicionais de leque terminal e
flood units é consistente com o clima semi-arido proposto para o Triassico (Sellwood
& Valdez, 2006; Da Rosa et al., 2005; Horn et al., 2013). Optou-se por utilizar o modelo
de Plink-Bjorklund (2015) em detrimento do modelo de Lima (2016) por se tratar de

um modelo mais robusto para sequéncias com influéncia climatica.

3. TEXTO INTEGRADOR

O resultado deste projeto de Mestrado é um artigo publicado no periédico Journal
of South America Earth Science intitulado “Triassic belt preserved in Arroio Moirdao
Graben, southernmost Brazil: Depositional System, Sequence stratigraphy and
tectonics”. Este texto integrador visa resumir os principais aspectos do artigo
publicado e analisar a importancia da proposta deste trabalho no a&mbito do Triassico
do Rio Grande do Sul.

O cinturdo Triassico preservado no Graben Arroio Moirdo, embora com idade
carniana atribuida pela presenca de fosseis de Rhincossauro (Horn et al., 2014), ainda
carecia de relagdes estratigraficas claras com a secao continua da Bacia do Parana.
O fato de se distanciar 150 km da secéo triassica e estar inserido em um contexto

tectonico distinto levaram a elaboracéao de diferentes modelos de correlacdo. Uma vez
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gque ndo existem superficies correlacionaveis diretamente buscou-se uma nova
abordagem, propondo um modelo sedimentar que justificasse a presenca de relictos
preservados e isolados sobre o Escudo Sul-Riograndense e que tivessem relacao
deposicional com a secdo continua da bacia. Destaca-se que o entendimento da
movimentacéao tectdnica do Escudo (Philipp et al., 2013 A, B) avancou sobremaneira
desde a publicacédo do primeiro arcabouco de estratigrafia de sequéncias (Zerfass et
al., 2003) o que permitiu entender a relacdo do Escudo como é&rea fonte para o

Triassico da Bacia do Parana.

O cinturéo Triassico apresenta facies sedimentares com caracteristicas proximais
a area fonte como imaturidade textural, dominio de litologias grossas, baixa
canalizacdo (Lima, 2016). A secdo continua, quando comparada com o graben,
apresenta um dominio de facies mais distais, canalizadas e com a formacdo de
espessos depoésitos de sedimento fino. Esta configuracdo da secdo continua é
interpretada como sistemas fluviais, de lagos e deltas (Zerfass et al., 2003). O que até
entdo ndo havia sido proposto era a unificacdo destes dois ambientais como
correlacionaveis, ou até mesmo continuos a época de desenvolvimento da bacia

tridssica.

Um novo entendimento para o Tridssico ja foi proposto, onde se interpreta o
Triassico da sec¢do continua da Bacia do Parand como depdésitos analogos aos de
leques terminais (Horn, 2016). A presente pesquisa buscou expandir esse conceito de
leques terminais para o cinturdo Tridssico, onde os depdsitos do graben sédo os mais
proximais da bacia triassica, possuem contato direto com unidades do embasamento
e ainda definiu uma estratigrafia de sequéncias de alta frequéncia e suas relagbes

com a tectdbnica do Escudo.

Embora o arcabouco estratigrafico Triassico da Bacia do Parana (Zerfass et al.,
2003) represente bem a sucessado de Sequéncias deposicionais de segunda e terceira
ordem ainda |he falta detalhamento para tratar as sequéncias de alta frequéncia.
Neste trabalho, interpretamos a Sequéncia Candelaria da secdo continua como um
empilhamento de seis sequéncias transgressivas que definem trés tratos de sistema:
baixo, alto e baixo acomodamento (da base para o topo). O trato de sistema de baixa
acomodacédo basal marca o contato basal da Sequéncia Candelaria com a Sequéncia

Pinheiros-Chiniqua sotoposta, apresenta camadas de areia interdigitadas com lama e



11

fésseis de flora Dicroidium. O trato de sistema de alta acomodac¢éo marca a o dominio
de facies lacustres, que em direcdo ao topo grada para corpos de areia sigmoidais
atribuidos a deltas de pequeno porte (Zerfass et al. 2003). O trato de sistemas de
baixa acomodacéo do topo marca um novo ciclo de dominio de facies fluviais. Estes
trés tratos de sistemas foram interpretados neste trabalho como um ciclo completo de

Transgressao — Regressdo para a Sequéncia Candelaria (Figura 4).

% Fécies, superficies, g Anatomia das
Secao colunar elementos arquiteturais Tratos de Sistema Seqéncias Imer;'r.;acéo
- razéo E/S +
120 (m) - Limite de Sequéncia
Baixa
St Acomodagéo
Limite de Sequé
>
LR
3
<5 T
St & s
b
c
S
£ St 2
Alta S
60 Acomodagéo <
o
D
(7]

R
______________ Zonade expansdo ————f————————————
— = N,

.~ 2\ Sr 1
st yli
: n=286 Baixa

m—— (oi RoEhehiags
| St
0 3 i ] Limite de Sequéncia
m S g

Figura 4 — Segcdo composta e arcabougo estratigrafico da Sequéncia Candelaria (modificado de Zerfass et
al., 2003).
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Interpreta-se o cinturdo Tridssico como uma sucessao de até cinco sequéncias de
alta frequéncia, com padréo transgressivo seguido por uma rapida regresséo. Este
padrao define estas sequéncias como flood units em um modelo deposicional de
leques terminais. O cinturdo esta em contato direto com as unidades do embasamento
representando uma superficie chave de correlagdo. Dessa forma, o empilhamento de
sequéncias de alta frequéncia do cintur&o foi correlacionado ao trato de sistemas de
baixa acomodacédo basal da Sequéncia Candelaria. Ambos possuem o mesmo
conteudo fossilifero (Rhincossauro e flora Dicroidium) e as superficies basais (contato
com 0 embasamento para o cinturdo e o limite das sequéncias Candelaria e Pinheiros-

Chiniqua para a secao continua) sao equivalentes (Figura 5).

Sequéncia Candelaria
Segao Continua Sequéncia Candelaria Arroio Moirdo

60 (m)

52 (m) 1=

Alta Acomodacdo

30

Baixa Acomodagdo

Limite basal da Sequéncia Candelaria N; Triassico com

Figura 5 — Correlacdo entre a Sequéncia Candelaria da se¢ao continua e do Cinturdo Triassico preservado
no graben Arroio Moirdo. Linhas vermelhas = limite de sequéncias. Linhas azuis = zonas de expansao. Di
= Flora Dicroidium. R= Rhincossauro.
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A formacdo da bacia Triassica € uma resposta a reativacdo das estruturas
herdadas do embasamento, onde o campo tensional intraplaca é uma resposta as
tensdes geradas pela zona de cisalhamento na margem sudoeste do Gondwana
(Zerfass et al., 2004). Dessa forma, as zonas de falha Acoteia-Piquiri, Zona de
Cisalhamento Dorsal de Cangucu e Falha do Chapaddo foram reativadas e
controlaram o desenvolvimento e a sedimentacdo da Sequéncia Candeléria no

Graben Arroio Moirao.

Embora o modelo proposto onde os depésitos do cinturdo Triassico correspondem
aos depositos proximais da Sequéncia Candelaria mais estudos se fazem
necessarios. Uma unificacdo de modelos de estratigrafia de sequéncias para todo a
bacia triassica, uma revisao detalhada dos afloramentos da secéo continua, utilizando
0 conceito de sequéncias de alta frequéncia, bem como um trabalho aprofundado de
prospeccao fossilifera no Graben Arroio Moirdo amarrariam ainda melhor a correlagéo
cronoestratigrafica do Triassico. Este trabalho contribui para novas discussdes sobre
o Triassico da Bacia do Parana e, longe de tentar resolver todas as questdes, provoca
uma nova abordagem e contribui para um debate recente que € a problematica da

litoestratigrafia quando comparada a Estratigrafia de Sequéncias.
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The in fluence of Gondwana tectonics in the Triassic is registered in the Arroio Moir
sedimentary unit associated with the Triassic section of Paran

Riograndense Shield. However, this graben is 150 km far from the Paran
igraphic correlation with the main Triassic outcropping area. Based on new sedimentological, paleon-
tological and sequence stratigraphy analysis, we propose a sequence stratigraphy framework for the
graben units and correlation with the Triassic section of Paran
frequency sequences with  fining upward trend, de fined as flood units in a Terminal Splay model. The

ao Graben, a relict
4 Basin, preserved over the Sul-
a Basin and has no clear strat-

a Basin. The graben has a stacking of high-

Keywords:
Pa:':rl\é Basin fossil content corresponds to the  Hyperodapedon assemblage zone with Carnian age. These sequences are
Triassic correlated with Candel aria Sequence from Paran a Basin and represent a more proximal facies-association

Arroio Moir ao Graben
Sequence stratigraphy
Tectonics

related with a source-area from the shield. The graben units are directly overlying the basement units
and this surface registers an uplift that eroded the previous sedimentary record of Paran
by a Middle Triassic basinwide subsidence. The reactivation ofinherited structures from the basement

4 basin followed

was related to the southern Gondwana orogeny in Middle to Late Triassic that controlled the deposition

in the Arroio Moir ao Graben.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The relationship between sedimentation and tectonics is widely
applied to understand the chronostratigraphy of sedimentary ba-
sins. The tectonic evolution of Gondwana directly in  fluenced the
Phanerozoic sedimentary register for South America and African
basins. The southwestern Gondwana Triassic basins register in
Argentina and Chile several rift basins overlying basement units
(Uliana et al.,, 1989; Ramos and Basei, 1997 ). The Triassic rift basins
of Africa, such as Waterberg basin in Namibia, are controlled by the
reactivation of the Brasiliano-Pan-African age Damara-Katanga-
Mozambique mobile belt, overlying cratonic units and correlative
to the Triassic basin from Paran a Basin ( Zerfass et al., 2005 ). In
Congo Basin, the Triassic deposits are less precisely known,

* Corresponding author.
E-mail addresses: guilhermeborsa@gmail.com  (GN.O. Borsa), ana.mizusaki@
ufrgs.br (A.M.P. rualdo.meneg; frgs.br (R. gat).

http//dx.doi.org/10.1016/j.jsames.2017.05.002
0895-9811/ © 2017 Elsevier Ltd. All rights reserved.

although they are relatively thick (up to 1400 m) and related to
semi-arid fluvial and aeolian equivalents of Brazilian Triassic ( Linol,
2013). In a similar manner, the Paran & Basin in Brazil depicts the
same intricate relation with the basement tectonics.

The Paran a Basin was emplaced over distinct geotectonic do-
mains, including cratonic terrains with Archean and Paleoproter-
ozoic ages and Neoproterozoic mobile belts, responsible for the
assemblage of Gondwana that compose a framework oflineaments
and crustal discontinuities (  Zalan et al,, 1990; Holz et al,, 2006 ). This
relationship with the basement tectonics is expressed in the
Triassic interval, which only occurs in the southernmost part of the
Paran a Basin, Rio Grande do Sul state, where intracontinental rifts
follow inherited structures from the basement ( Zerfass et al.,, 2003,
2004).

There is a controversy around the control mechanisms of
Triassic sedimentation ( Da Rosa and Faccini, 2005; Horn et al.,
2014). Although limited by faults, the Triassic in Rio Grande do
Sul state does not display any direct structural relationship with
basement units, its outcropping area is conditioned by later
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tectonics and there is no clear rift stacking pattern. Additional
sedimentological and structural information from the Triassic de-
posits of Paran a Basin at different sites are needed to solve these
questions. We thus examined the outcrop belt of Triassic rocks
from Arroio Moir ao Graben (AMG) preserved over the Sul-
Riograndense Shield. AMG is a key example for chronostrati-
graphical correlation because it occurs inserted in the shield, is
conditioned to its tectonic framework and lies 150 km from the
main outcropping area. The objective of this paper is to propose a
depositional model for the AMG, its relationship with the Gond-
wana tectonics in the Middle to Late Triassic and establish a cor-
relation between the outcrops of Arroio Moir  ao Graben and the
Paran a Basin main outcropping area.

2. Geological context
The 7000 m of volcanic-sedimentary record of Paran a Basin

comprise most of Gondwana's history.  Milani et al. (1998) defined
six Supersequences ( sensu Sloss, 1963 ) that represent tectonic-

sedimentary events which are Rio Ivai (Ordovician to Silurian),
Parana (Devonian), Gondwana | (Carboniferous to Early Triassic),
Gondwana Il (Middle to Upper Triassic), Gondwana Il (Early
Jurassic to Upper Cretaceous) and Bauru (Upper Cretaceous) clas-
sifying them as tectono-sedimentary cycles of second-order (tens
of Ma, sensu Vail, 1977 ).

The Paran a Basin was deposited over an Archean to Paleo-
proterozoic cratonic basement and Neoproterozoic orogenic belts
formed during the Brasiliano Orogeny (900 - 530 Ma), responsible
for the Gondwana assemblage. The reactivation of basement
structures is related with tectonic events of basin-wide range,
controlling the Paran a Basin structure, leaving an overprint in
sedimentary processes, also controlling the subsidence rates and
shifts in the depocenters throughout the basin history ( North fleet
et al., 1969; Almeida, 1969, 1981; Soares et al., 1974; Cordani
et al, 1984; Zal an et al, 1987; Milani, 1997; Milani and Ramos,
1998).

The Triassic exposure occurs as part of the continuous Paran a
Basin outcropping area (Permian to Cretaceous), controlled by the
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Jaguari-Mata Fault Zone to the west and Vigia-Roque Fault Zone to
the east and as isolated outcrops preserved over the shield ( Fig.1).
The Triassic in the continuous package was  first described as Santa
Maria beds ( White, 1908; Oliveira, 1918 ) because of the presence of
Brazilian palaeotetrapod-bearing strata from Middle and Late
Triassic. Santa Maria Formation was proposed by Gordon (1947)
and the further subdivision into two units, Santa Maria and
Caturrita formation, was proposed by  Andreis et al. (1980) . The
unique presence of paleovertebrates, including therapsids, rhyn-
chosaurs, dinosaurs and sphenodontids, led to the establishment of
three biozones: Therapsid with Ladinian age, Rhynchosaur of Car-
nian age and the Jachaleria level with Norian age ( Barberena, 1977;
Barberena et al., 1985; Schultz, 1995; Schultz et al., 2000 ). The
Triassic sequences were deposited in a continental, fluvio-
lacustrine setting ( Holz and Souto-Ribeiro, 2000; Zerfass et al.,
2003; Da Rosa, 2015 ).

The first published Triassic sequence stratigraphy framework for
the Paran a Basin integrated previous paleontological and geological
data (Zerfass et al., 2003 ). The continental Triassic succession of
Paran a Basin comprises two second-order depositional sequences:
the Sanga do Cabral Supersequence (Early Triassic) and Santa Maria
(Middle to Late Triassic) Supersequence. The Sanga do Cabral
Supersequence (Early Triassic) comprises ephemeral fluvial de-
posits with low sinuosity and low gradient flood plains ( Zerfass
et al, 2003 ). The Late Induan age for this supersequence is based
on paleoverterbrate fauna from  Procolophonidae assemblage-zone
(Lavina, 1982; Santana, 1992; Schultz, 1995; Silva, 1999 ). The
Santa Maria Supersequence is a second-order sequence divided
into three third order sequences: Santa Maria 1 (Ladinian age),
Santa Maria 2 (Carnian age) and Santa Maria 3 (Rhaetian). This
framework establishes the correlation of the Triassic sequence
stratigraphy with the lithostratigraphy units and the biozones

Table 1
Chronostratigraphic diagram for the Paran
(2003) . Triassic biozones after

4 Basin units. Ages after

Cohen et al, 2015 . Litostratigraphy after
Barberena, 1977; Barberena et al., 1985; Scherer, 1994; Schultz, 1995; Schultz et al., 2000

e 140 125
(Table 1).

Santa Maria 1 sequence corresponds to gravel bar and sandy
bedform, attributed to high energy, low sinuosity rivers and dis-
plays north-northeastward paleocurrent flow overlain by massive
or laminated red mudstone interpreted as shallow lake deposits.
The lower fluvial and deltaic facies was interpreted as lowstand
systems tract with a transgressive surface on top. The mudstone
marks and positive base-level ratio characterize this interval as
transgressive system tract (  Zerfass et al, 2003 ).

Santa Maria 2 sequence is up to 200 m thick, composed of
sandstone, with trough cross bedding, overlain by mudstone. Sand
bedforms are the most common architectural element although
downstream accretion was also described. The paleocurrent flow of
fluvial sandstone has NNE direction with some outcrops displaying
SW trends. Mudstone lenses interpreted as  flood plain deposits are
interlayered with  fluvial sandstone. They contain fossil remains of
the Dicroidium Flora ( Guerra-Sommer et al., 1999; Guerra-Sommer
and Klepzig, 2000 ) and reptilian bones from the Carnian Rhyn-
chosaur Cenozone ( Barberena, 1977; Schultz, 1995; Schultz et al.,
2000). A coarsening-upward trend (equivalent to Caturrita For-
mation of Andreis et al, 1980 ) transitionally replaces the trans-
gressive mudstones which compose the highstand systems tract.
This interval contains isolated, small-scale trough cross-bedded
sandstone lenses that are interpreted as ribbon fluvial channels.
Rhythmites and sigmoidal, massive or climbing cross-laminated
sandstone bodies are also present. They were interpreted as a
lacustrine-deltaic depositional system with coarsening upward
trend. Sandstone occurs as narrow, massive or strati fied (horizontal
and trough cross-bedding) lenses interpreted as amalgamated
sandstone bodies related to high width/depth ratio channels. This
succession reveals a decrease in the accommodation space and
shallowing of the lacustrine phase. The fluvial sandstones

Andreis et al. (1980) , Sequence Stratigraphy after Zerfass et al.
. Supersequences after Milani et al., 2007 .

Ages (Ma) Lithostratigraphy | Sequence Triassic  |Supersequence
(After Cohen (Andreis et al., Stratigraphy Biozones * |(Milani, 2007)
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corresponds to the lowstand system tract with a transgressive
surface on top, marked by the presence of overlying mudstones.
These mudstones are interpreted as shallow lake deposition
attributed to transgressive system tract. The coarsening upward
succession interpreted as lacustrine deltaic depositional systems
stands for the highstand system tract.

The Santa Maria 3 is composed by unconformity-bound strata
that occur at the top of Santa Maria Supersequence. It is composed
of trough cross-bedding and conglomeratic sandstones, with lenses
ofintraformational diamictite, interpreted as gravity flow archi-
tectural elements, with paleocurrent pointing northward and
composing a lowstand systems tract.

The Triassic interval in Paran & Basin displays two distinct
phases of sedimentation ( Zerfass et al, 2005 ). The first phase,
Early Triassic, has wide alluvial basins and corresponds to Sanga
do Cabral Supersequence. This supersequence is represented by
poorly channelized braided rivers with source-areas in the
Gondwanides units under compressional tectonic setting. The
second phase is characterized by intracontinental extensional
basins during Middle and Late Triassic. The development of this
basin is attributed to transtensional stresses within a dextral shear

zone related to the southern branch of the Gondwanides orogeny.
The formation of the bulged structure of Rio Grande Arch con fined
the Santa Maria Supersequence sediments to the north of the
bulge (Philipp et al, 2013a ). U-Pb ages in the Santa Maria 2
sequence provides a minimum depositional age of 236 + 15 Ma
(Philipp et al., 2013b ).

Based on new field and paleontological data, Horn et al. (2014)
defined a new third order sequence based on the Santacruzodon
Assemblage Zone ( Soares et al, 2011 ). The new Santa Cruz
Sequence is located between Santa Maria 1 and Santa Maria 2 se-
quences of Zerfassetal.(2003) .The sequence namesusedin Zerfass
et al. (2003) where changed to accommodate the new sequence
proposed according to the toponyms of type sections as follows:
Santa Maria 1 to Pinheiros-Cinhiqu & Sequence; the new Santa Cruz
Sequence; Santa Maria 2 to Candel aria Sequence, Santa Maria 3 to
Mata Sequence ( Fig. 2).

The AMG outcropping belt of sedimentary rocks is inserted in
the tectonic framework of the Sul-Riograndense Shield, which is
characterized by faults and folds with NE trend, inherited from the
Brasiliano Orogeny (900 e 530 Ma) ( Chemale, 2000; Hartmann
et al,, 2007 ). This framework is structured in three units: Pelotas
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Batolith ( Hartmann et al, 2000 ); Tijucas Terrane ( Jost and
Bittencourt, 1980 ); Sao Gabriel Terrane ( Chemale, 2000 ). The
AMG is located over the Tijucas Terrane and limited on the east by

the Dorsal de Cangugu Shear Zone and the Pelotas Batholith and to
the west by the S ao Gabriel Terrane ( Fig. 1).

These outcrops were tentatively described as Caneleiras For-
mation with Devonian age ( Tessari and Picada, 1966 ). Neverthe-
less, a debate emerged around their precise stratigrap hic position
and tectono-stratigraphy context, sedimentary units, fossil con-
tent (Menegat and Scherer, 1993; Ketzer, 1997 ). The studied
occurrence was linked by these authors with the continuous
Permo-Triassic package of the Paran a Basin because offacies
similarity.

The sedimentary beds of AMG were described as lacustrine,
fluvial, deltaic and aeolian facies of the Sanga do Cabral Formation
and fluvial, lacustrine and deltaic facies of the Santa Maria For-
mation ( Ketzer, 1997 ). The Triassic rocks from AMG were placed in
the Upper Triassic based on Rhyncosaurs fossil with one maxillary
groove which allows assigning the fossil to  Hyperodapedon genus,
one of the guide fossils for the Candel aria Sequence ( Horn et al,
2015).

3. Studied area

The Arroio Moir ao Graben is a depressed morphological feature
within the Sul-Riograndense Shield, and has an extension of 47 km
in the NE direction and 27 km the SE direction. There are two major
outcropping sectors for Triassic rocks, one along Highway BR-392
sector and the other in the southwest sector of AMG ( Fig. 3). Both
of these outcropping sectors are constrained by NE-trending

28700 30000

65700

65600

65500

28700

30000

Fig. 3. Studied area and simpli fied geological map of Arroio Moir ao Graben. Units and structures after

basement structures, corresponding to the Porongos Meta-
morphic Complex ( Hartmann et al,, 2000 ) as the basement for the
AMG Triassic units. The graben is limited in the northwest by
Acoteia-Piquiri Fault, in the southeast by Dorsal de Cangugu Shear
Zone and cut in half by Chapad ao Fault ( Wildner et al, 2006 )
(Fig. 3).

4. Methods

The field work in the Arroio Moir ao Graben was carried out
following the field methodology of Lisle et al. (2014) and Tucker
(2014) . The data obtained along BR-392 Highway produced the A
e A%and B e BYcross-sections and in the SW sector the C e C’
cross-section. The obtained field data produced 23 columnar
sections at 1:50 scale (12 in the Br-392 sector and 11 in the
southwest sector) and identi fied ten sedimentary facies, con-
cerning facies analysis by ~ Miall (1978) . The sedimentary model
used for the Arroio Moir ao Graben followed the proposition of
terminal splay ( Fisher et al, 2008 ) and flood units ( Plink-
Bj6rklund, 2015 ) because they are consistent with the semi-
arid climate for the Triassic ( Sellwood and Valdes, 2006; Da
Rosa, 2005; Horn et al,, 2013 ).

The high-frequency sequence ( Zecchin and Catuneanu, 2013 )
identi fies 4th-order or lower sequences at outcropping scale,
allowing the recognition of cyclic succession, boundaries between
system tracts and facies limits. The association of flood units with
high-frequency sequences enables the proposition of an alluvial
sequence stratigraphy framework ( sensu Martinsen et al,, 1999 ).

The concepts of alluvial sequence stratigraphy ( Martinsen et al,,
1999 ) define two systems tracts based on the relationship between
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accommodation and sediment supply (A/S): low accommodation
and high accommodation system tracts. The low accommodation
system tract comprises amalgamated channel deposits and the
high accommodation system tract comprises overbank deposits
with isolated channel deposits and lacustrine-dominated succes-
sions. The Expansion Zone, or surface, lies between the two system
tracts and marks the positive ratio of overbank/  fluvial channel. In
the present work, the interpretation oflow accommodation system
tract is based on the amalgamation of distributary channels and
proximal splays (dominance of sand bodies) and the high accom-
modation system tract represents the dominance of distal splays
(dominance of water ponds).

The proposition of flood units ( Plink-Bj rklund, 2015 ) as high-
frequency sequences ( Zecchin and Catuneanu, 2013 ) and alluvial
sequence stratigraphy model ( Martinsen et al, 1999 ) provided a

Y
Acoteia-Piquiri Fault

Camaqua river

NW
Legend

D Candelaria Sequence
I:‘ Pelotas Batolith

useful tool to determine that the limits of the transgressive flood
units correspond to low and high accommodation system tracts.
The Zecchin and Catuneanu (2013)  model was proposed for marine
and transitional environments. The logic of transgressive high-
frequency sequences (in this work a single flood event) was fol-
lowed by rapid regressions with further transgression (next flood
event). This fits the idea of flood units inside a continental envi-
ronment. Zerfass et al. (2003) framework and Horn et al. (2014)
sequences were used for the correlation of the AMG outcrop belt
with the main outcropping area from Paran  a Basin.

5. Results

In the BR-392 highway and SW sectors, the sedimentary pack-
age has red color, tabular geometry, displays intense weathering

v
DCSzZ
Chapadao Fault 200 (m)
- x 75
Moir&o creek
100
50
0

. Porongos Metamorphic Complex (mica schist)

Porongos Metamo ic Complex

Fig. 4. A) Geological cross-section Y-Y ' (view Fig. 3) of Arroio Moir ao Graben (modi fied from Ketzer, 1997 ) showing the relationship of the sedimentary units from Candel aria

Sequence and basement units; B) Satellite image showing the contact between the basement units and the overlying Candel

aria Sequence.
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Table 2
Facies table (after Miall, 1978 ) displaying the recognized facies and its interpretations.
Facies Description Bed Form Interpretation
Horizontal laminated conglomerate, with erosional base surface, tabular geometry, Traction, subaquous, lower flow
normal grading, associated with traction regime inside shallow channels. - regime
C sandy coarse and medium with through
cross-bedding stratification . Abundant presence of mudstone and siltstone intraclasts in the Traction, subaquous, lower flow
base of the cross-bedded sets. Traction bedload transport in poorly channelized 3D regime
low density fluidal flows. Lower part of distributary channels and proximal display
architectural elements.
Coarse to fine sandstone with Low planar cross-bedding stratification. Bedload transport in Traction, subaquous, lower flow
unconfined, tabular low density fluidal flows composing proximal display architectural elements. 20 regime
Amalgamated sandstones with texture ranging from coarse to fine, composing shallow _ Traction, subaquous, lower flow
flows. regime
Massive or crudely bedded conglomerates, tabular bed forms, normal grading, poor selection, N
forming basal lag. Low density fluidal flows with transport mechanism from mass deposit - Traction, subaquous, lower flow
to traction flows, ing the base of distributary channels ar elements. regime
Fine to very fine horizontal laminated sandstone, with thin tabular geometry, upper flow regimes| Traction, subaquous, upper flow
and associated with dispersion of fluidal flows. Compose the top of proximal display _ regime ' '
architectural elements
Fine to very fine sandstone, related to migration of unidirectional small scale bedform. ) Traction, subaquous, lower flow
Related to dispersion of unconfined fluidal flows, traction transport in lower flow regimes and Ripple regime
associated the top part of proximal splay or traction regime in water ponds
Fs Laminated to massive deposits with tabular geometry composing distal splay facies
- association related to water ponds. Tabular Suspension, subaquous
Fm
Fischer et al.| AMG Architectural elements . : i
i Model for terminal display (Fischer et al., 2008
(2008) AE__| (sensu Fischer et al., 2008) play ( )
°© LoG A :
e Main channel
c @
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o —1
O | = Ponds of water
s [=} related to depression
=1 & on splay surface
2 =&
3
2
o
LoG
>
‘_“; zlﬁal, 2 $ $$ The splays develops over time
D from successuve sheetfloods events
=0
g o[l
% o o
o
o Persistent water ponds
increase biological activity
A
> o e o
ot Pranar
53 =
'% =
o
ek
[T Jocseorn 3
A Channel and proximal splay Distal splay consist of gradationally based,
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[
Fig. 5. Comparison between Fisher et al. (2008) architectural elements and those found in AMG (sensu Fisher et al, 2008 ) and depositional model of terminal displays (  Fisher et al.,

2008 ).

20



21

130 G.N.O. Borsa et al. / Journal of South American Earth Sciences 77 (2017) 123 e 140

and a thick vegetal cover. The Chapad ao Fault, together with NE-
strike fault zones, affects the outcropping along the BR-392 sector
(Fig. 3), resulting in a series of dislocated blocks. There is no
measured displacement for Chapad ao Fault due to cover, never-
theless the discordant basal contact between the AMG sedimentary
rocks and the underlying Porongos Metamorphic Complex was
defined in the field, characterizing a non-conformity ( Fig. 4). The
SW sector displays a less structured outcropping area, with no
faults displacing blocks and no visible contact with underlying
units. There is a signi ficant contrast between the thickness of SW
and BR-392 sectors. In SW sector, the outcropping thickness rea-
ches more than 45 m while in BR-392, it reaches 20 m.

5.1. Lithofacies

The facies analysis resulted in ten lithofacies described as red-
dish, with poor selection, high content of argillaceous matrix,
quartz-feldspar clast composition, with mudstone intraclast and
oxidized. Locally the siltstones and mudstones also present textural
heterogeneity with thin lenses of  fine to medium sand ( Table 2).

5.1.1. Horizontal bedding conglomerates with (Gh)

Pebbly horizontal laminated conglomerate, with erosional base
surface, tabular geometry, normal grading, associated with traction
regime inside shallow channels. The conglomerates compose the

Fig. 6. Flood unit for the AMG displaying the
erosional base surfaces, normal grading; Gt
sandstone with low angle planar-cross bedding strati
laminated mudstone; Sr % fine to very fine unidirectional rippled sandstone; Di
Splay; DS % Distal Splay.

finning upward trend and the complete facies succession and architectural elements. Gh

Vs Conglomerate with cross-through bedding; St
fication; Sh % fine to very fine horizontal-laminated sandstone Sm
a Massive mud deposits with  Dicroidium flora remnants; DC % Distributary Channel; PS % Proximal

base of distributary channels architectural elements.

5.1.2. Tangencial cross-bedding conglomerates with (Gt) and
tangencial cross-bedding sandstones (St)

3D facies with trough cross-bedding strati  fication and texture
from conglomerate, sandy conglomerate, coarse sandstone and
medium sandstone. Basal portion of cross-bedded sets rich in
sandstones and mudstones intraclast. Both facies correspond to
traction bedload transport in poorly channelized low density fluidal
flows. The conglomerates and sandy conglomerates compose the
lower part of distributary channels and proximal display architec-
tural elements.

5.1.3. Planar cross-bedding sandstone (Sp)

2D facies with low planar cross-bedding strati  fication and
texture ranging from conglomeraticto  fine sandstone. Corresponds
to traction bedload transport in uncon fined, tabular low density
fluidal flows, composing proximal display architectural elements.

5.1.4. Massive sandstone (Sm)

Amalgamated sandstone packages with texture ranging from
coarse to fine. In the coarser portion, the sandstone has abrupt or
erosional base surface while in the  finer portions it has common
detrital micas. The coarse portion is interpreted as rapid deposition
of concentrated sediment in proximal splays, while the finer

Va Horizontally bedded conglomerate with
Ya Medium to fine sandstone with cross-through bedding; Sp Ya Conglomeratic
V4 Coarse to fine massive sandstone; Fm % Horizontally
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portion as rapid deposition of suspended sediment in distal splay.

5.1.5. Massive conglomerates (Gm)

Massive or crudely bedded conglomerates, with tabular bed
forms, normal grading, poor selection, forming basal lag deposits.
Associated with low density  fluidal flows with transport mecha-
nism transitioning from mass deposit to traction flows, composing
the base of distributary channels architectural elements.

5.1.6. Horizontal bedding sandstones (Sh)

Fine to very fine horizontal laminated sandstone, with thin
tabular geometry, related to upper flow regimes and associated
with dispersion of fluidal flows. The sandstones compose the top of
proximal display architectural elements.

5.1.7. Current rippled sandstones (Sr)

Fine to very fine sandstone, related to migration of unidirec-
tional small scale bedform. The sediments are related to dispersion
of uncon fined fluidal flows, traction transport in lower flow re-
gimes and associated the top part of proximal splay or traction
regime in water ponds.

5.1.8. Siltstone (Fs) and mudstone (Fm)
Laminated to massive deposits with tabular geometry
composing distal splay facies association related to water ponds.
These facies can be associated, in three architectural elements
(sensu Fisher et al., 2008 ): a) distributary channel with fining up-
ward succession of Gt, Gh and Gm facies grading towards the top to
St, Sp or Sm: b) proximal splay with fining upward succession
dominated by sandy facies (St, Sp, Sm, Sr); c) distal splay with mud

or siltstone dominated successions interbedded with ripple sand-
stone (Sr).

These ancient records of the AMG are partially to completely
weathered, with strong vegetal cover and restricted lateral conti-
nuity. These conditions limit the exposure of the lateral and vertical
extensions of the architectural elements and sequences but we
attributed the same characteristics to them as the model proposed
by Fischer et al. (2008) (Fig. 5).

The distributary channels are wide, shallow channels,
generally containing the coarsest sediments with intraclasts at
the base of the cross-bed sets or as basal lags, which charac-
terizes the transport mechanism as bedload. Proximal splay are
uncon fined bodies bound at the base by erosional surfaces with
dominance of coarse sandstones grading to horizontally lami-
nated sandstones or massive sa ndstones, with bedload as main
mechanism of transport. Distal display is dominated by very
fine massive or rippled sandstones interbedded with mud and
clay deposits. The transport mechanism varies from bedload in
the sand to suspension for the silt and mud layers,
characterizing low velocity  flows associated to deposition in
water ponds.

The model for terminal splay ( Fisher et al, 2008 ) (Fig. 5)
shows with increasing distance from source a decrease in grain-
size, lithofacies thickness and bed load deposits. The same
behavior occurs in the AMG where the bed load transport forms
thicker beds in the distributary channels and proximal splays,
diminishing towards thin distal splay deposits. However, this
behavior is only seen in columnar section because the outcrop
exposure is limited.

Modern and ancient monsoonal rivers are characterized by the
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Fig. 7. High-frequency sequence correlation chart for the A-A 9 cross-section (view
HAST % high accommodation systems tract, Red line

in this figure legend, the reader is referred to the web version of this article.)

Fig. 3). S1 to S3 Y% high-frequency sequence 1, LAST
Y4 sequence boundary, Blue line % expansion zone. See Table 2 for facies legend. (For interpretation of the references to colour

% low accommodation systems tract,
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presence of upper flow regime structures, high deposition rate and
mud drapes which can characterize  flood units ( Plink-Bj &rklund,
2015). These characteristics are found in the AMG deposits as the
flood units ( sensu Plink-Bj &rklund, 2015 ) are depositional units
bound by erosional surfaces, or erosional surfaces at the base and
mud drapes at the top, with  fining upward trend from conglom-
erate to sand. The same trend is found in the AMG deposits with
upper flow regime structures (horizontally-laminated sandstones),

high deposition rate as gradational lamination (few centimeters
thick) related to the migration oflow-angle bedforms, deposition of
in-channel mud horizons corresponding to rapid waning of high-
magnitude floods or persistent water ponds. These features, along
with the model for terminal splay (  Fisher et al, 2008 ), allows the
proposition of a flood unit facies association for the AMG (  Fig. 6)
that represents a single flood event. The flood unit is de fined by
fining upward successions with intraclast-bearing conglomerates

at the base, grading to coarse to medium sandstones with trough
cross-bedding, coarse to medium sandstones with planar cross-
bedding, coarse to medium massive sandstones, medium to fine
horizontally laminated sandstones,  fine sandstones with unidirec-
tional ripple marks and mud and siltstone deposits. The complete
flood unit facies association rarely occurs, because the erosional
nature of the flood unit tends to scour the top of previous units, as

shown by the presence of mud and siltstone intraclasts at the base
of flood units.

5.2. Stratigraphic framework

The BR-392 sector comprises two cross-sections, A-A %and B-B,
and it is divided by the Chapad ao Fault ( Fig. 3). Both cross-sections
display similar facies and architectural elements but no clear
stratigraphic surface was identi  fied to establish precise correlation,
because the Chapad ao Fault has its exposure covered and unde-
fined displacement.

The A-A’ (Fig. 7) cross-section comprises three high-frequency
sequences (S1, S2 and S3) with fining upward trend, each one
representing a single flood event. As datum for the correlation
between each of the columnar sections we utilized an erosional
surface recognized as the base of S2 in the  field. The S1 has a non-
conformity lower contact with basement units and is composed of
amalgamated sand with horizontal strati  fication and ripple marks.
The top of S1 marks an increase in the A/S ratio characterized by
appearance offacies association Fs and Sr facies. The S2 has basal
erosional surface with intraclast-bearing conglomerates grading to
trough-cross bedded strati fication sandstones and horizontal
laminated sandstones. The columnar-section 4 presents a facies
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Fig. 8. Compound section and stratigraphic framework for the A-A 9 cross-section. DC

Ya distributary channel, PS % proximal splay, DS ' distal splay. See Table 2 for facies legend.
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association related of Sm, Fh and Fm. This lateral variation along
the same HFS could represent isolated ponds of water inside a
single flood unit and an increase in the A/S ratio. The base of S3 is
marked by a pavement of quartzose gravel in the columnar-section

5 and displays a fining upward trend of massive conglomerates
and coarse sandstones to siltstones. The compound section and
stratigraphic framework for the A-A ' correlation pro file comprises
three Transgressive Type high-frequency sequences. Each of these
sequences has a low accommodation system tract at the base,
characterized by proximal splays, that grades towards the top, to a
high accommodation system tract, de fined by the distal splays
(Fig. 8).

The B-B’ (Fig. 9) segment comprises one high-frequency
sequence (S1) with  fining upward trend, interpreted as one single
flood unit. It has a basal erosional surface (utilized as datum) with
intraclast-bearing conglomerates that grade to cross-bedding
sandstone or massive sandstones (columnar sections 2, 3,4 and
5). Laterally, these sequences grade to Sr, Fs and Fm facies
(columnar sections 1 and 6) and towards the top the whole
sequence displays a fining trend as an increase in the A/S ratio. The
compound section and stratigraphic framework for the B-B ' cor-
relation pro file displays only one Transgressive Type high fre-
quency sequence ( Fig. 10). The base is de fined by a low
accommodation system tract, characterized by distributary channel
facies association and proximal splays that grades to a low ac-
commodation system tract at the top, characterized by the distal
splay facies association.

The correlation pro file C-C° comprises five high-frequency
sequence ( Fig. 11) each interpreted as one single flood event.
As datum for the correlation between each of the columnar
sections we utilized an erosional surface recognized as the base
of S1 in the field (The pro file 8 has as datum the base of S3 also
recognized in the field). The S1 has a basal erosional surface

with pebbly conglomerate of quartzose composition grading
from coarse to medium sandstones with trough cross-bedding
strati fication, horizontal lamination or massive. The top of the
sequence marks the increase in the A/S ratio by the presence of
laminated siltstone interbedded with massive sandstones and in
the columnar section 11 there is a thick deposit of siltstone. The

S2 has a basal erosional surface with intraclast bearing con-
glomerates grading to trough-cross bedding strati  fication,
massive or horizontally laminated sandstones. In this sequence,
Dicroidium flora remnants were also found in columnar-section
10. The top of the sequence marks the increase in the A/S ratio
by the presence oflaminated siltstone and the columnar section

11 displays thick deposits of siltstone. The S3 has a basal
erosional surface with the intraclast-bearing conglomerates
with trough cross-bedding grading to horizontally-laminated or
trough cross-bedding sandstones. This sequence has the same
trend as the previous sequences showinga  fining-upward trend
that culminates with an increase in the A/S ratio, displayed by
the laminated siltstones. S3 has less conglomeratic facies then
the sequences below. S4 and S5 are registered only in the
columnar sections 4, 5 and 8 with the same  fining upward trend
and no mudstones or siltstones preserved. However, both se-
quences have abundant presence ofintraclast at the base of
cross-bedded sets. The compound section and stratigraphic
framework for the C-C ' «cross-section comprises five
transgressive-type high-frequency sequences. Each sequence
has a basal low accommodation system tract, characterized by
distributary channel facies association or proximal splay facies
association. Only sequences S1, S2 and S3 display distal splay
facies association and high accommodation system tracts
(Fig. 12).
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Fig. 9. High frequency sequence correlation chart for the B-B " (view Fig. 3) cross-section. S1 % high-ffrequency sequence 1, LAST % low accommodation systems tract, HAST % high
accommodation systems tract, Red line % sequence boundary, Blue line ' expansion zone. See Table 2 for facies legend. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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Fig. 10. Compound section and stratigraphic framework for the B-B 9 cross-section. DC

6. Interpretation and discussion

In this study, the obtained results indicate a terminal display
model for the AMG where transgressive high-frequency
sequence flood units establish the framework oflow and high-
accommodation system tracts. These deposits are directly over-
lying the basement units and are constrained by their structures.
The fossil content is the same as the Candel aria Sequence, which
yields the necessary data for the correlation of the AMG deposits
with the main outcropping area of Paran 2 Basin.

Although the Zerfass et al. (2003) framework displays the big
picture of the Triassic section of Paran & Basin, it lacks the details
of high-frequency sequences. As interpreted in this paper, the
Candel aria Sequence in the main outcropping area of Paran a
Basin (former Santa Maria 2 Sequence) comprises six
transgressive-type sequences de fining three system tracts: low,
high and low accommodation system tracts (from base to top)
(Fig. 13). The basal low accomodation system tract marks the

Ya distributary channel, PS % proximal splay, DS Y distal splay. See Table 2 for facies legend.

discordant contact of the Candel aria Sequence with the under-
lying Pinheiros-Chiniqu a Sequence. It has packages of sands
interlayered with mudstone in the base and Dicroidium Flora
remnants. The expansion zone at the top of the low accommo-
dation system tract marks the beginning of the high accommo-
dation system tract, that grades from lacustrine deposits at the
base to sigmoidal sand bodies at the top. This shallowing trend
towards the top culminates with the top low accommodation
system tract that has sandstone packages related to fluvial
channels. These three system tracts represent a complete
transgressive-regressive cycle for the Candel d&ria Sequence
(Fig. 13).

Therefore, we can establish the correlation between the AMG
package and the base of Candel aria Sequence from the Paran & Basin
main outcropping area by its discordant base contacts and fossil
content. The AMG package records only the Candel  aria Sequence in
discordant contact with the basement. This discordance represents
the same discordant contact between the Carnian Candel  dria
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Sequence and the underlying Ladinian Santa Cruz Sequence
(highlighted in  Fig. 2). Even though the discordances are correlated,
there is a contrasting difference in the sedimentary behavior from

the AMG package and the base of Candel aria Sequence in the Par-
ana Basin main package. The AMG clearly displays the amalgam-
ation of coarse facies with thin packages of mudstones, while in the
Paran a Basin main outcropping area the Candel aria Sequence dis-
plays a thickening in the mud deposits. Both of these behaviors are
expected because the depocenter for the Paran 4 Basin Triassic dips
to the north ( Schultz et al., 2000; Zerfass et al., 2003 ) and the
coarser texture of the AMG package expresses its proximity with

the shield, the source area for the Triassic deposits. There are few
measured paleocurrents for the AMG, mostly due to the intense
weathering and very low-angle sedimentary structures, but it
trends northeastward ( Fig. 12). In general, all the five high-
frequency sequences from the AMG are correlated to the basal
low accommodation system tract and part of the high accommo-
dation system tract from Paran a Basin main outcropping area
Candel aria Sequence ( Fig. 14). The presence of Dicroidum flora and
the rhyncosaur Hyperodapedon, guide fossils for the Candel aria
sequence, insert both of these outcropping areas in the same
stratigraphic level.

This framework provides useful information about the strati-
graphic level of the Triassic units of AMG. Ketzer (1997) attribute
the base of AMG deposits to the Sanga do Cabral Formation (here
Sanga do Cabral Sequence, sensu Zerfass et al, 2003 ). There is no
facies similarity between the AMG deposits and those from Sanga

O ¢cross-section (view Fig. 3). S1to S5 % high-frequency sequence 1 to 5, LAST
Vs sequence boundary, Blue line % expansion zone; (view Table 2 for facies legend). (For interpretation of the references to colour

Ya low accommodation system tract,

do Cabral Sequence, especially in architectureand  fluvial style. Also,
weren't found aeolian facies for the AMG and the fossil content is
compatible with Candel aria Sequence. The proposal of the terminal
splay model for the AMG in this work is consonant with recent
research for the Santa Maria Supersequence in the main outcrop-
ping area ( Horn, 2016 ).

We propose a tectonic model for the AMG based on  Gawthorpe
and Leeder (2000) where several normal faults developed apart
forming isolated rifts. During Middle to Late Triassic, the Gond-
wanides orogeny established a sinistral shear zone along the
southwestern margin of Gondwana, due to the subduction of
Panthalassa oceanic crust ( Zerfass et al, 2004 ) (Fig. 15A and B).
Dextral shear zones developed as accommodation faults (oblique to
the sinistral shear zone), following basement structures that
conditioned the Triassic basin as perpendicular to the transten-
sional stress ( Zerfass et al. (2004) (Fig. 15 C). The AMG structural
pattern for the tectonic lineaments reveal two major directions,
N45E/N85E and N20W/N70W (  Ferreira, 2015 ) both correlated with
basement structures ( Fernandes et al., 1995 ).Inthe AMG model, the
intracratonic extensional basin was controlled by the reactivation
of Chapad ao Fault, Agoteia-Piquiri Fault and Dorsal de Cangugu
Shear Zone. As a result, this fault-related topography and arid-
climate controlled the terminal splays inside this isolated rifts
(Fig. 15 D). Limited volume of data for paleocurrents restrain the
determination of the terminal splays as parallel or perpendicular to
the graben axis but these faults should have controlled the depo-
sition during Carnian. Also, the vegetal coverage and weathering
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Parana Basin Candelaria Sequence

Arroio Moirdo Graben Candeléria Sequence
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Inferred base contact between Parana Basin and AMG

Fig. 14. Correlation between Paran a Basin main outcropping area and AMG (after

hampered the identi fication of kinematic markers. Nonetheless,
these faults are considered active until the Cretaceous, because
there are alkaline pipes from Passo da Capela Alkaline suite
(92.8 e 76.0 Ma) aligned with basement structures ( Wildner et al,,
2006 ) inside the AMG.

This assumption gives rise to the discussion about the limits of
Paran a Basin during Triassic. The lack of known Middle Triassic
register in Uruguay marks the AMG as the southern limit of Paran a
Basin, so the Rio Grande Arch limits the Triassic exposures ( Philipp
etal, 2013a ) and the zircon U-Pb age of 236  + 1.5 Ma ( Philipp et al,,
2013b ) places these rocks between the Ladinian-Carnian interval.
Nonetheless, it remains unclear if the AMG and the continuous
outcropping area of Paran 4 Basin were the same depositional locus
or they were coeval and disconnected. The limited Triassic record in
Brazilian Phanerozoic basins correspond in the Parnaiba Basin to
the register of the Sambaiba Formation; the Amazonas Basin has
only volcanic register ( Milani et al,, 2007 ). This makes the AMG the
key area for studies regarding the chronocorrelation between
sedimentation and tectonics in the Brazilian Triassic.

When compared with other basins from Gondwana, speci fically
the Cape-Karoo and Congo Basins, the Paran  a Basin displays very
similar stratigraphic record and tectonic evolution. The Triassic

Base non-conformity

Zerfas et al, 2003 ; Horn et al, 2015 and this work). Red line % sequence boundaries. Blue
line ¥ expansion zones. Di ¥ Dicroidium flora. R % Rhyncossaur. LAST Y% low accommodation system tract. HAST % high accommodation system tract. S1 to S5
frequence sequences; (view Table 2 for facies legend). (For interpretation of the references to colour in this

¥ AMG high-
figure legend, the reader is referred to the web version of this article.)

interval of these basins is de fined by a basal discordant contact
followed by extensive subsidence related to the Cape - Sierra de la
Ventana Orogeny ( Linol et al, 2015 ) resulting in long wavelength
flexures across southwestern Gondwana ( Daly et al,, 1992; Trouw
and de Wit, 1999; Milani and de Wit, 2008 ).

7. Conclusion

This work de fines a new approach to the Triassic continental
deposits of Arroio Moir ao Graben, using the concepts of flood units,
high-frequency sequences and  fluvial sequence stratigraphy model
to propose a new stratigraphic framework and its relations with
Gondwana Middle Triassic tectonics. The AMG Triassic outcropping
belt is a part of Middle Triassic intraplate extensional basin related
to the Candel aria Sequence from Paran a Basin. The deposits are
interpreted as terminal splays with stacking of proximal facies,
depicting the proximity with basement units, when compared to
the main outcropping area of Paran a Basin. The stratigraphic
framework, fossil content as well as basement tectonics allow the
precise correlation with the base of the Carnian Candel  aria
Sequence, ending a discussion about the stratigraphic level of these
Triassic deposits. In this scenario, the AMG registers a very
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Fig.15. Tectonic model for the southwestern Gondwana during Middle to Late Triassic (after

Gondwana

£ okaricrocs £ i
oo 2 Bt

Zerfass et al,, 2004 and Zerfass et al., 2005 ) displaying the relationship between stress

field and the Triassic sedi basin. A) Pal hic reconstruction of southwestern Gondwana. Sinistral shear zone associated transpressi onal stresses (Tp). Dextral shear
zones are ! zones developed by the of ancient (Tt); B) Idealized cross-section by the Middle and Late Triassic; () Block diagram for the

G i ing the con of the rift basin in the Middle to Late Triassic. D) Tectonic model for the Arroio Moir ao Graben (modi fied from Gawthorpe and
Leeder, 2000 ) displ the between the b and Triassic terminal splay model (sensu Fisher et al,, 2008 ).

particular time-span of the Triassic basins. The basal discordant
contact with the basement represents an uplift pulse that eroded
the previous sequences, followed by a subsidence that registers the
Carnian Candel aria Sequence.
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5. CONCLUSOES

Este trabalho definiu uma nova abordagem para os depoésitos triassicos
preservados sobre o Escudo Sul-Riograndense utilizando o conceito das sequéncias
de alta frequéncia e atualizando o arcabouco estratigrafico presente na literatura. A
proposicdo destes depdsitos como um Cinturdo Tridssico preservado no Escudo
possibilita interpretacbes que relacionem a deposi¢cdo, 0s eventos tectbnicos do
Gondwana e a preservacao destes relictos desde o Carniano da Bacia do Parana. O
Cinturdo Triassico € parte de uma bacia extensional intraplaca, relacionado com a
Sequéncia Candelaria da secdo continua da Bacia do Parana pelo contetudo
fossilifero. Estes depdsitos sdo interpretados como a porcdo proximal da bacia
triassica e relacionados diretamente com uma tectbnica ativa do Escudo no mesmo

periodo.

Embora um tema classico da literatura geolégica, o Tridssico encontra-se longe de
ter um entendimento completo e de ampla aceitacdo pela comunidade cientifica. Os
problemas litoestratigraficos, a discussdo da cronocorrelacdo para o Triassico
continental utilizando bioestratigrafia de tetrapodos e os problemas de preservacao e
exposicdo das bacias no RS ainda mantém duvidas na comunidade. Ressalta-se um
amplo esforco por parte de autores como Horn (2016) na busca de novas
interpretacdes para o Tridassico do RS. Este trabalho apoio a iniciativa de se entender
o Tridssico a luz da Estratigrafia de Sequéncias e em conjunto com uma interpretacao

dos eventos tectbnicos mesotriassico do Gondwana.
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PARECER:

A presente dissertacdo estd muito bem escrita, estruturada e coloca o
problema de forma bastante clara. Apresenta relevancia cientifica, cumpriu com os
objetivos propostos, utilizou metodologia adequada e chegou a conclusées
bastante satisfatorias.

A dissertagdo colabora com os estudos dos depositos tridssicos no Rio
Grande do Sul, uma vez que correlaciona depositos tridssicos do graben Arroio
Moir&o com os depdsitos da bacia do Parana. Descreveu muito bem as sec¢tes
colunares dos afloramentos estudados e integrou de modo claro os conceitos de
sistema deposicional, estratigrafia de sequéncias e tectbnica para elaborar as
conclusdes.

A dissertagdo ja apresenta um artigo internacional publicado, do qual n3o
tenho comentérios a fazer uma vez que o documento ja passou pelos revisores e
editores da revista.

Listarei abaixo alguns comentarios e sugestdes que nao comprometem em
nada a qualidade técnica-cientifica do trabalho:
- Entre o resumo da dissertagdo em portugués e o abstract existem pequenas
diferencas na escrita. Essas diferengas deixaram, para mim, o texto do abstract
melhor e mais claro do que o texto em portugués. Por que houve essa diferenca?
- Na pag. 8 o graben Arroio Moirdo esta descrito como tendo “extensio de 47km
na diregdo NW/SE e 27km na diregiio NE/SW”. No artigo (pag. 18) esta descrito ao
contrario 47km NE e 27Km SE. Qual dessas esta correta?
- Na pag.11 senti falta de uma legenda mais bem explicada para a figura 4. Qual é
o significado das siglas e simbolos?
- Com relagéo ao artigo tenho observagdes somente quanto ao formato. O artigo
impresso como capitulo da dissertaggo estad com problemas de formatacdo como
espago no meio de palavras e palavras sem espago. Ha também problemas na
acentuacao.

~ Na nan 2N Adavidn a imnracafa Ale smladmm de octree. . 4




* Fisher et al 2008;

* Menegat et al 1994;
* Menegat 1995;

* Silva 1999.

Finalizando, parabenizo o autor e sua orientadora pela 6tima dissertagdo e
escolha do tema.
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Titulo: Correlag3o cronoestratigrafica do Cinturdo Tridssico preservado no Griben Arroio Moirdo (RS)
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PARECER
Inicialmente, considero que o titulo ndo estd perfeitamente adequado ao contetdo,
uma vez que o trabalho ndo trata especificamente de cronoestratigrafia e sim de correlagbes
lito e aloestratigraficas entre um pacote que se encontra sobre o Escudo com outro que aflora

na Depressdo Periférica. Além disso, seria necessério informar com qual pacote de rochas o
Cinturdo Triassico do Graben Arroio Moirdo esta sendo correlacionado.

Do ponto de vista formal, o texto do capitulo introdutério estd bem escrito e
organizado, com poucos erros de digitacdo. As ilustracdes s3o bem elaboradas e informativas,
embora as figuras 1 e 2 necessitem corregdes (apontadas ao autor diretamente no texto). As
referéncias bibliograficas est3o razoavelmente atualizadas, mas considero que uma série de
fontes importantes deveriam ter sido consultadas e incluidas, quais sejam:

BORTOLUZZI, C.A. 1974. Contribuiggo & geologia da regido de Santa Maria, Rio Grande do Sul.
Pesquisas, 4 (1), p.7-86.

FACCINI, U. F., 1989. O Permo-Tridssico do Rio Grande do Sul. Uma andlise sob o ponto de
vista das seqiiéncias deposicionais. Dissertagdo de Mestrado, Curso de Pés-Graduagéo em
Geociéncias, UFGRS, Porto Alegre, 133p.

FACCINI, U. F., 2000. Estratigrafia do Permo-Triassico do Rio Grande do Sul: estilos
deposicionais versus espago de acomodagdo. Tese de Doutoramento, Curso de Pds-
Graduagéo em Geociéncias, UFRGS, Porto Alegre, 332p.

FACCINI, U. F., PAIM, P. S. G., 2001. Estratigrafia de seqiiéncias em depésitos continentais.
In: RIBEIRO, H. J. P. S. (Ed.), Estratigrafia de seqiiéncias - fundamentos e aplicagées. Ed.
Unisinos, Séo Leopoldo, pp. 341-389.

GAMMERMAN, N. 1973. Formag3o Rosario do Sul. Pesquisas, 2:5-36.

MACHADO, J.L.F. 2006. Compartimentag&o espacial e arcabougo hidroestratigréfico do sistema
Aquifero Guarani no Rio Grande do Sul. S0 Leopoldo-RS. 237p. Tese de Doutorado em
Geologia, Universidade do Vale dos Sinos.

RUBERT, R.R. & SCHULTZ, C.L., 2004. Um Novo Horizonte de Correlagdo para o Tridssico
Superior do Rio Grande do Sul. Pesquisas em Geociéncias, 31(1): 71-88.

SCHERER, C.M.S. 1994. Analise faciolégica e bioestratigrafica do Tridssico Superior (topo da
Formagdo Santa Maria) na Regido de Candeléria - RS. Porto Alegre. 100p. Dissertacdo de
Mestrado em Geociéncias. Instituto de Geociéncias, Universidade Federal do Rio Grande do
Sul, Porto Alegre.

SCHERER, C. M. S. ; FACCINI, U. F. ; LAVINA, L. E. . Arcabougco Estratigrafico do Mesozéico da
Bacia do Parand. In: Michael Holz; Luis Fernado De Ros. (Org.). Geologia do Rio Grande do
Sul. Porto Alegre, 2000, v. , p. 335-354.

Soares, M. B.; Schultz, C. L.; Horn, B. D., 2011. “New information on Riograndia guaibensis
Bonaparte, Ferigolo & Ribeiro, 2001 (Eucynodontia, Tritheledontidae) from the late Triassic
of southern Brazil: anatomical and biostratigraphic implications”. Anais da Academia
Brasileira de Ciéncias, 83: 329-354.



Acredito, inclusive, que muitas das inconsisténcias apontadas adiante tenham sido
resultado justamente da falta de consulta a estes trabalhos, que dariam ao autor uma visso
mais clara da evolugdo dos conhecimentos acerca das unidades trigssicas no RS, tanto no
dmbito da Bacia do Parana quanto nos relictos existentes dobre o Escudo.

O artigo anexo, por sua vez (o qual n3o sei se corresponde a versdo final publicada),
apresenta uma quantidade inaceitivel de erros de formatac3o e digitacdo, além de alguns
aspectos que obrigatoriamente deveriam ter sido observados pelos revisores para que fossem
corrigidos, tais como nomes de tixons n3o escritos em italico (no texto e nas figuras),
informagBes contraditérias (ex: Table 1 e outras marcadas diretamente no texto) e
incoeréncias de conteldo, que serdo discutidas a seguir.

Em relagdo ao conteudo, entendo que, tanto no capitulo introdutério quanto no artigo
anexo, é necessario dividir a avaliacio em duas abordagens distintas. A parte metodoldgica,
correspondendo a confecgdo de perfis estratigraficos, descrigdo e andlise de ficies, confecgdo
de segles estratigrificas e proposicdo de um modelo deposicional, estd muito bem
desenvolvida (incluindo as ilustraces), demonstrando que o autor possui o dominio destas
ferramentas.

Por outro lado, alguns dos pressupostos teéricos utilizados e as conclusdes obtidas
apresentam problemas, sendo os principais deles os seguintes:

- Desde o inicio, é apresentada ao leitor a ideia de uma correlacdo entre o Cintur3o
Tridssico que ocorre sobre o Escudo e a Sequéncia Candelaria, da Bacia do Parana. Entretanto,
0 préprio autor menciona ao longo do texto que o pacote sedimentar que se encontra sobre o
Escudo ja foi interpretado de diferentes maneiras por diferentes autores (desde a Formagio
Caneleiras de Tessari & Picada, 1966) incluindo camadas de diferentes idades. Nesse contexto,
ndo fica devidamente esclarecido se o pacote em questdo (a antiga Formacg3o Caneleiras) é
reconsiderado nesse trabalho como sendo inteiramente Tridssico (a duvida é: o aqui
denominado Cinturfio Tridssico equivale a toda a antiga Formagdo Caneleiras?).
Adicionalmente, também n3o estd demonstrado porque o “Cinturdo Tridssico” corresponde a
uma Unica sequéncia estratigrafica (a qual seria equivalente a Sequéncia Candelaria em funcdo
da presenca dos mesmos.

- Assim, pareceu-me que o autor partiu do pressuposto que o Cinturdo Tridssico que
ocorre sobre o Escudo corresponde & Sequéncia Candeldria (sensu Horn et al., 2014).
Entretanto, o pacote tridssico que aflora na drea da Bacia do Parang & composto por 2
supersequéncias de segunda ordem (Sanga do Cabral e Santa Maria, a qual esta subdividida
em 4 sequéncias de terceira ordem), sendo que, dentro destas, ocorrem fécies e associa¢des
de facies muito semelhantes, com algumas se repetindo ao longo do pacote. Desse modo,

seria necessario justificar porque algumas partes do pacote estudado sobre o Escudo ni3o
poderiam ser correlacionadas a niveis de outras sequéncias que ndo a Sequéncia Candeliria;

- Além disso, o autor utiliza a ocorréncia de fésseis de rincossauros e de Dicroidium
para afirmar que todo o pacote estudado pertence 3 Sequéncia Candeldria. Na realidade, a
presenca do rincossauro Hyperodapedon em um Gnico afloramento (na margem do Arroio
Campinas) indica que aquele afloramento faz parte da Zona-Associagdo (ZA) de




Hyperodapedon (portanto, é um indicador bioestratigrafico). Reforcando esta correlagdo, as
facies sedimentares onde estes fésseis ocorrem, tanto no Escudo quanto na 4rea da Bacia do
Parana, sdo exatamente as mesmas. Porém, como se pode ver nas Figuras 2 {do capituic
introdutério e do artigo), a Sequéncia Candeléria abriga duas diferentes biozonas: a ZA de
Hyperodapedon, que ocorre apenas na por¢io intermedidria da Sequéncia, e a ZA de
Riograndia, que ocorre no topo do pacote (0 qual corresponderia, em termos
litoestratigraficos, a Formagdo Caturrita (sensu Andreis et al., 1980). Entretanto, nem a ZA de
Riograndia nem a equivaléncia dos niveis superiores da Sequéncia Candeldria com a Fm.
Caturrita foram sequer mencionados nos textos. Por seu turno, a presenca de fdsseis de
Dicroidium em outro afloramento (e a ficies onde os mesmos ocorrem) permitiria
correlacionar este afloramento com os niveis da base da Sequéncia Candeldria (que
corresponderiam em termos litoestratigréficos, ao Membro Passo das Tropas da Formac3o
Santa Maria, sendo que, em nenhum momento do texto, também esta correspondéncia foi
sequer mencionada e incluida na discussdo). Nesse contexto, o Cinturo Tridssico sobre o
Escudo inclui (até o momento) apenas dois afloramentos fossiliferos, sendo que um
corresponderia a por¢do basal da Sequéncia Candelaria (pela presenca de Dicroidium) e outro
a porgdo intermedidria desta (devido 2 presenca de Hyperodapedon). Entretanto, nas figuras
onde aparecem as correlagSes entre os diversos perfis, bem como nos perfis compostos, o
Unico féssil que aparece é Dicroidium (nas Figs. 11 e 12) na por¢do intermediaria de um dos
perfis. Na Unica figura onde estd marcado o registro de Hyperodapedon (Fig. 14), este aparece
abaixo do nivel onde ocorre Dicroidium, ao contrario do que ocorre na Sequéncia Candeléria,
aspecto este que néo foi discutido no trabalho e que j4 indica um problema nesta tentativa de
correlagdo. Em resumo, concordo que a Sequéncia Candeldria esta representada no Cinturdo

Tridssico (pelo menos em dois afloramentos), mas isto n3o significa que todo o pacote ia
presente corresponda a dita Sequéncia.

- Mesmo que, como proposto no trabalho, o pacote descrito pelo autor sobre o Escudo
represente por¢des proximais de camadas que seriam correspondentes a outras (com facies
mais distais) que afloram na 4rea de ocorréncia da Bacia do Parang, esta correspondéncia
estaria restrita apenas a base da Sequéncia Candeldria (e, ainda assim, com uma inversdo na
ordem de ocorréncia dos fésseis que n3o foi discutida).

- Com base nos aspectos mencionados acima e em algumas contradi¢des identificadas
no texto, considero que faltou um aprofundamento um pouco maior do autor no estudo do
histérico dos trabalhos anteriores que comp&em o arcabougo tedrico referente as unidades
triassicas do RS: as diferengas entre as propostas litoestratigréficas de Gordon Jr. (1947),
Gammerman (1973), Bortoluzzi (1974) e Andreis et al. (1980), a evolugdo dos arcaboucos
Bioestratigréficos, passando por Barberena (1977), Barberena et al. (1985), Schuiltz et al.
(2000), Ruber & Schultz (2004), Abdala et al. (2005) e Soares et al. (2011), as sucessivas
propostas aloestratigraficas, iniciadas por Faccini (1989) e posteriormente aperfeicoadas por
Faccini (2000; 2001), Zerfass et al. (2003; 2004; 2005) e Horn et al. (2014), além dos diferentes
modelos deposicionais propostos para o pacote em questdo, desde Gammerman (1973),
passando por Faccini (1989), Scherer (1994), Zerfass et al. (2003) e Horn et al. (2014).

- Da mesma forma, entendo que o histérico dos estudos sobre o pacote sedimentar
que ocorre sobre o Escudo, desde a primeira proposigdo da “Formacgio Caneleiras” de Tessari



& Picada (1966) até chegar a Lima (2016), passando pelos trabalhos de Menegat (1994; 1995)
e Ketzer (1997) deveria ter sido mais detalhado, para caracterizar melhor as diferentes
propostas ao longo de tempo e, a0 mesmo tempo, deixar claro qual foi o posicionamento
adotado pelo autor em relagdo ao conjunto do que era denominado Formagado Caneleiras.

Outras observagbes pontuais foram feitas ao longo do préprio volume da Dissertagdo,

que serd disponibilizado para que o autor delas tome conhecimento, juntamente com o
presente barece:

Porto Alegre, 16/09/2017

e 2

Prof. Cesar L. Schuitz
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