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3189) S56[2]9) CR947 (original slide number MB714) N32[1]; 10) CP55 (original slide number MR289) G44 [4].

Scale bar: double= 10 pm and triple=50um. 72
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RESUMO EXPANDIDO

Taxonomia, paleocologia e cronobioestratigrafia através do limite Ediacariaro
Cambriano: formac¢des Tamengo e Guaicurus

Rodrigo Rodrigues Adorno
Laboratoério de Micropaleontalia i Instituto de GeociéncidsUniversidade de Brasilia
i Campus Darcy Ribeiro Asa Norte CEP: 70900

RESUMOIi Neste trabaho sédo apresentados resultados do estudo taxondmico e de
distribuicdo estratigrafica de vinteseisespécies de fésseis que iy aassemblagem
fossiliferaestudada a partitas formag¢des Tamengo e Guaicurus em cinco se¢des na regiao
de Corumbde Ladario a saber Pedreiras Corcal e Laginha, Porto Sobramil, Porto
Figueiras e Ecoparque Cacimba. Adicionalmente sdo apresentadaéndiafe
paleoecoldgicas e paleoambientais com base na ocorrénciaststeblagerfossil e na
atualizac@o da descricao litoestratigrafica destas seGfimglinacarinata Cortijo et al.,

2010, até entdo com ocorréncias documentadas na Espanha e Sibiéténtificada a

partir dos siltitos da Formagdo Tamenga secdo do Porto Figueirasstee registro
representa a primeira ocorréncia desta espguieontinente americano. A paelobiota
estudada écomposta por quatro espécies de organismos bentbnicossssésss
metazoarios biomineralizador€oudinalucianoi (Beurlen & Sommer, 1957§loudina

carinata Corumbella wernerHahn et al., 1982, pelo vendotaenidéndotaenia antiqua
Gnilovskaya, 1971, e pelo registimgmentos deoriferos. O presente trdba também

aborda taxonomia e distribuicdo estratigrafica de quatro icnoesp&oetia marina
Emmons, 1844 pPilichnus cf. P. dichotomusUchman, 1999 Didymaulichnus lyelli
(Rouault, 1850) &ultina minimaUchman, 2001 que integram a icnofauna bentéragd v
atualizada para a porgao superior do Grupo Corumbéa. Também € apresentado taxonomia
sistemética para as duas espécies de macroalgas na Formacdo Guaaholysia
corumbensisaucher et al., 2003 anichwuia dalensigHofmann, 1979 in (Hofmann &

Aitken, 1979) A diversidade de espéciesda Formagdo Tamengo foi complementada
pela ocorrénciale dezesseis espécies de microfésseis que possivelmente representavam o
plancton marinho, compostpor espécimegpermineralizads de Chuaria circularis

Walcott, 189 e pela ocorréncia de outras quirespécies de microfésseie parede
organi@ Arctacellularia januarensisDenezine, 201&homem nudum, Leiosphaeridia
ternata (Timofeev, 1966) Leiosphaeridia crassgNaumova, 1949) Leiosphaeridia
jacutica(Timofeev, 196), Leiosphaeridia minutissim@aumova, 1949)Leiosphaeridia
tenuissima Eisenack, 1958 Leiosphaeridia obsuleta(Naumova, 1949) Bavlinella
faveolata Vidal, 1976 Bambuites erichseniiSommer, 1971,Synsphaeridiumsp,
Jacutianemasp, Lophosphaeridiumsp, Ostiama microcystisHermann, 1976 in
(Timofeev et al., 1976 Navifusasp. e Gen 1. sp. tlfitinozoan like flaslshaped. Foram
identificadas significativanudan@ nascondi¢cdes paleoambientais de deposicéo entre as
formacgBes Tamengo e Guaicurus. Estalanca parece estar relacionada com a eliminacao

de quase 95% dessemblagem fossilifeemtre as formagdes Tamengo e Guaicurus durante

a passagem Ediacaria@ambriano Dentre todas as vinte duasespécies restritas a
Formagdo Tamengo, houve apenas saiaevivente, a icnoespédiultina minima Este
desaparecimento local pode estar relacionado com a extingdo global experimentada no
limite EdiacarianeCambriang sendo aqui interpretado como um evento de extingdo em
massaAdicionalmente foram feitas pramacdegalinolégicase andlises de amostras do
Ediacariano mais superior provenientes de secdes de trés paises, com recuperacao de nove
espécies de microfésseis organicos na Formacao Nomtsas, Namibia, quatro espécies na
Formacéo Tagatiya Guazu, Paraguaeis espécies na Formacao Dengying, China. Estes
resultados ampliaram o escasso registro de espécies de microfésseis organicos para as
secbes do Ediacariano mais superior. Com base nos resultados taxonémicos e na
distribuicdo estratigrafica das espécfesproposto ensaio bioestratigrafico consituido por



@ IG- Institute of Geosciences

setebiozonas: Superzona de Assembladgelouding inseridas nesta superzoha trés
biozonasdistribuidas em sec¢des do Brasil e do Paraguai, denominadas Zona diferencial
inferior CloudinalucianoiCorumkella wernerj Zona de Amplitudé&Corumbella werneri

Zona diferencial superiorCorumbellla wernefCloudina lucianoi; Subzona de
AssemblagerBavlinella faveolataLeiosphaeridia minutissim&sta subzona esta inserida

na base da Zona de Amplitu@rumbellawerneri A subzonaVendotaenia antiqua
Cloudinalucianoi ConcurrerdfRange Subzonesta inserida no topo da Zona diferencial
superior Corumbellla werneriCloudina lucianoi. Por ultimo aZona de Assemblagem
Didymaulichnus lyelli/Eoholynia corumbensgis proposta. Esta biozona pertence ae Eo
Cambriano e esta restrita, até o momentocalidade da pedreira Laginha.

PalavrasChave EdiacarianeéCambriano, Grupo Corumb@, bioestratigraf@Zipuding
Corumbella micropaleontologia.

INTRODUCAO

O objetivo do preente trabalho € apresentar estudo detalhado da taxonomia,
andlise da distribuicdo estratigrafica das espécies e apresentar proposta de ensaio
cronobioestratigrafico baseados na analiseasisemblagem fossiliferdas formagoes
Tamengo e Guaicurus. Adicidnzente apresentase inferéncias paleoecoldgicas e
paleoambientais com base na ocorréncia das espécies e na atualizacao litoestratigrafica das
secOes estudadas na regido de Corumba e Ladério, Estado de Mato Grosso do Sul, Brasil.
Considerando a escassez dkdos micropaleontolégicos para maioria das sec¢des do
Ediacariano mais superior, foram escolhidas se¢des para preparacdo e analise de amostras
a partir de trés localidadeBormacdo Nomtsas, Namibia, Formagdo Tagatiya Guazu,
Paraguai e Formacao Dengyi@ina. Este estudo adicional visa complementar o escasso
registro de espécies de microfésseis organicos descritas para o Ediacariano mais superior
de sec¢bes consideradas importantes para correlacdo e comparagdo com as sec¢des do Brasil
Finalmente constitese objetivo do presente trabalho apresentar integragdo e comparagao
dos resultado®btidos a partir da analise da assemblagem fossilfesaorma@es
Tamengoe Guaicuruscom aqueles publicados para outras secdes do Ediacariano mais
superior no ParagualJruguai, Argentina, Namibia, China, RuUssia, Canada, Estados
Unidos e Oma, através da proposicdo de ensaio bioestratigrafico que siga as
recomendacdes do codigo de nomenclatura estratigrafica internacional.

O horizonte cronoestratigrafico detéresse nés trabalho abrangelmnite entre
Neoproteraoico e o inicio doFanerozoico O Neoproterozoicoé marcado por
significativas mudancgas paleoambientais, incluindo importantes eventos de oxidacao
atmosférica, seguida pela oxidacdo da porcdo mais profundaades, além de também
registrar eventos glaciais com capas de gelo que puderam alcangar baixas latitudes
(Hoffman, 2009). As publicacdes cientificas indicam pelo menos trés eventos glaciais mais
expressivos durante o Neoproterozoico: o primeiro € denomigktiacdo Sturtiana
(=720 Ma); o segundo, glaciacdo Marinoana (~635 Ma); e o terceiro, glaciacdo Gaskiers
(~580 Ma) (Hoffman, 2009). O Ediacariano também regiisaventos de significativa
mudanca e extingdes de biotas, especialmente nos intervalosstratigraficos préximos
a explosdo do Cambriano. O Ediacariano é marcado pelo surgimento de um diversificado
conjunto de grupos de metazoarios, e o intervalo mais dramatico de inovacéo morfologica
gue este grupo experimentou em sua historia (Erwin, ZDdr8och et al., 2018).

Além das mudancas paleocliméticas, os niveis #do® mares e da atmosfera
também oscilaram dramaticamente durante o Ediacariano. H& evidéncias de que as
concentracdes de.@ariaram de cerca de-30% para mais de 100% do nivala (Fike
et al., 2006; Canfield & Teske, 1996). E discutido que a simultaneidade entre aparecimento
de formas complexas de vida, ao mesmo tempo em que ha evidéncias geoquimicas de que
0s niveis de oxigénio disponiveis subiram durante o Ediacariano @85Ma) poderia
representar relagéo de causa e efeito. Esta simultaneidade tem levado diversos autores a
proporem que a maior disponibilidade de oxigénio teria sido uma das principais causas do
aparecimento dos animais complexos (Evans et al., 2018).panilislidade maior de
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oxigénio teria possibilitado o aparecimento e diversificagcdo de grupos dotados de células
eucaridticas e multicelulares e também a difusédo de oxigénio através de tecidos complexos.
A sintese de alguns dos tecidos envolve gasto matalatd oxigénio substancial, como é

caso da sintese de colageno (Fike et al., 2006; Canfield & Teske, 1996). A natureza da
relacdo entre inovacdes biolégicas e as mudancas simultdneas paleoambientais e
paleoclimaticas estdo ainda sob debate, se causaramente de simultaneidade.

O Periodo Ediacariano também registra uma das mais importantes inovacdes
bioldgicas: o surgimento do esqueleto biomineralizado. As espécies inicialmente descritas
como portadaroras desta inovacao e as que foram mais bem asts@lacs espécies de
Cloudina Germs, 1972. Além das espécies deste genero, had inumeras especies
biomineralizadoras distribuidas nos génesasotubulitesChen, et al., 1981Conotubus
Zhang and Lin, 1986 in (Lin et al., 198®&Jamacalathus, Corumbelldam et al., 1982
andGaojiashaniayang et al., 1986 in (Lin et al., 1986)

Dentre todos os géneros que abrigam espécies de animais biomineralizadores do
Ediacariano mais superioCloudina é o possui maior distribuicdo geografica, com
ocorréncias em diversag¢des do Andar Ediacariano mais superior na Namibia (Grant,
1990), Oma (Conway Morris et al., 1990), Sul da China (Hua et al., 2005; Cai et al., 2013;
Cortijo et al., 2015a), Espanha (Cortijo et al., 2010; Cortijo et al., 2015b), Sibéria
(Kontorovich etal., 2008, 2009; Zhuravlev et al., 2012; Grazhdankin et al., 2015), Canada
(Hofmann & Mountjoy, 2001), México (Sodrovar et al., 2007), Brasil, Argentina e
Uruguai (Gaucher et al., 2003; 2005b; Warren et al., 2014; Adorno et al., 2017), Paraguai
(Warren ¢al., 2011; 2012; 2017; 2019) e California (Grant, 1990; Zhuravlev et al., 2012).
Especies do animal biomineralizad&inotubulitesChen et al.,, 1981 também tem
distribuicdo geografica ampla e tém sido descritos em se¢bes do Ediacariano mais superior
do Sul da China (Cai et al., 2015), México (McMenamin, 1985), na California e Nevada
nos Estados Unidos (Signor et al., 1987), e na Espanha (Cortijo et al., 2015b). A espécie
probleméticdNamacalathus hermanast&sotzinger et al., 200f@i originalmente desaa
a partir do Grupo Nama, Namibia (Grotzinger et al., 2000; Zhuravlev et al., 2015).
Adicionalmente, esta especie também ocorre no Ediacariano mais superior no oeste do
Canad4, (Hofmann & Mountjoy, 2001), Oma (Amthor et al., 2003), Sibéria (Kontorovich
et al., 2008, 2009; Grazhdankin et al., 2015) e Paraguai (Warren et al., 2017).

Na América do Sul as secdem Formacdo Tamengo do Grupo Corumbéa
representanas melhores oportunidades de estudtacionadas asudancas climéticas e
inovacdes biologicas expmentadas durante o Ediacariano terminal (Boggiani et al.,
2010). O Grupo Corumba é constituido da base para o topo pelas formagdes Cadieus,
Cerradinho, Bocaina, Tamengo e Guaiucurus. Trabalhos tém sido produzidos sobre a
paleontologia do Grupo CorumbBgurlen & Sommer, 1957; Fairchild, 1978; Hahn et al.,
1982; Walde et al., 1982; Zaine & Fairchild, 1985; Zaine 1991; Hidalgo, 2002; Gaucher et
al., 2003; BeckeKerber et al., 2013; Tobias, 2014; Pacheco, 2012; Leme et al., 2008;
Pacheco et al., 2011; Waldeal., 2015; Adérno et al., 2017; Parry et al., 3@ dmMbém
sobre a estratigrafia e evolucéo tectestrutural (Barbosda 949; Almeida 1964, 1965,

1984; Alvarenga & Trompette 1992; Boggiani & Alvarenga 2004; Gaucher et al. 2003;
Babinski et al. 2008Boggiani et al. 2010; Meir&2011; Spangenberget,@®. 01 4 ;- DO e |
Rey et al. 2016; Sial et a2016) e sobre o contexto sedimentoldgico (Boggiani &t@93;

Boggianij 1998; Oliveira 2010; Campanha et aR011; Fontanela2012; Fazio et al.,

2019).

METODOLOGIA

Diversos trabalhos de campo foram realizados nas cercanias dos municipios de
Corumbé e Ladério, Mato Grosso do Sul, além de um trabalho de campo na Namibia e
Africa do Sul e outro no Sul da China. Durante os trabalhos de campo, foram lesantad
secoes e perfis litoestratigraficos com posicionamento das amostras de rochas coletadas de
maneira sistematica, com espagamento regular entre as coletas. As localidades estudadas
do Grupo Corumbéd incluem os afloramentos de cinco principais localidaagmrque da
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Cacimba, pedreira Corcal, a pedreira Laginha, Porto Sobramil e Porto Figueiras
(atualmente denominada Marina do Gerson). Adicionalmente, foram preparadas amostras
coletadas em sec¢des das formacdes Dengying, China, Tagatiya Guazu, Paragisas, No
Namibia visando complementar o escasso registro de espécies de microfésseis organicos
para estas secoes.

Trés modalidades de preparacdo de amostras foram empregadas durante a
execuc¢do da pesquisa visando a recuperacgédo de fésseis: 1. Invertébrslimsfosseis
biomineralizadores e permineralizados, e 3. Microfésseis organicos (maceracdes
palinoldgicas). Quanto ao estudo de ocorréncia de invertebradosGtoutbinalucianoi
e Corumbella wernerbem como dos ichofésseis e algas macroscépicas)apesinsistiu
inicialmente na descricdo e analise direta a partir da amostra de rocha com uso de
microscopico estereoscoépico, da confeccdo de secdes polidas e laminas delgadas para
estudo com auxilio de microscépico estereoscopico, microscopio petrogeddicocasos
especificos de microscopia eletrénica de varredura (MEV).

Para a preparacao quimica e concentracdo dos componentes organicos particulados
(maceracdes palinoligicas) utilizee a metodologia prépria desenvolvida no Laboratério
de Micropaleortlogia. A preparacdo consiste em atacar as amostras por 2 h com acido
cloridrico 37%. Em seguida as amostras devem ser neutralizadas para entdo serem atacadas
com &cido fluoridrico 47% por 12h. Novamente as amostras devem ser neutralizadas por
meio de divesas lavagens com agua destilada até que o pH esteja préximo de 7. Uma nova
digestdo com &cido cloridrico pode ser feita visando consumo de fluorita, encerrando a
preparagcdo com neutralizacdo com agua destilada. Para a montagem da lamina palinolégica
permanente utilizase o sobrenadante, e Entelan como meio de montagem padréo e fixagdo
da laminula.

Uma extensa consulta bibliografica foi realizada para se determinar quais secdes
seriam selecionadas para estudos de comparagdo com 0s resultados obtidlodas part
secOes das formacdes Tamengo e Guaicurus. A consulta bibliografica permitiu incluir,
além das cinco sec¢des estudadas do Grupo Corumba, onze sec¢fes adicionais distribuidas
no Paraguai (trés sec¢fes), Uruguai, Argentina, Namibia, China, Russia, Gstadés
Unidos e Oma com uma secdo cada, compondo um total de 15 sec¢des. Todo material
ilustrado encontrge depositado nas cole¢cdes de macrofésseis sob o sufixo-)\MAF
Micropaleontolégicos (MP ou na colecdo de pesquisa (Céo Museu de Geociéncias,
no Laboratdrio de Micropaleontologia da Universidade de Brasilia UnB.

RESULTADOS E DISCUSSAO

Os principais resultados obtidos com o desenvolvimento da pesquisa foi a
realizacdo de estudo taxondmico e de distribuicéo estratigrafica de seisegpéciesle
fésseis que integramassemblagem fossilifedas formacdes Tamengo e Guaicurus em
cinco sec¢bes na regido de Corumba e Lad&sbado de Mato Grosso do Sul, Brasil
Adicionalmente séo apresentadas inferéncias paleoecolégicas e paleoambientaig com bas
na ocorréncia das espécies e na atualizacao litoestratigrafica das secdes da Formacgao
Tamengo. A biota da Formacao Tamengo € composta por metazoarios biomineralizadores
bentdnicos sésseis e por registro de atividade de metazoarios bentdnicos vageis
representados pelos icnofésseis. Adicionalmente, a biota da desta formacdo é
complementada por microfdsseis que compunham possivelmente o plancton marinho desta
formacdo. Além destes resultados, novas amostras de se¢Bes adicionais das formacgdes
Dengying, China,Tagatiya Guazu, Paraguai e Nomtsas, Namibia foram coletadas e
preparadas. O resultado da preparacao e analise destas amostras complementaram o escasso
registro de espécies de microfésseis organicos para estas secdes. Finalmente foi
apresentado integracg&acomparacao dos resultados obtidos a partir da andlise da biota da
Formacdo Tamengo com aqueles publicados para outras sec¢bBes selecionadas do
Ediacariano mais superior no Paraguai, Uruguai, Argentina, Namibia, China, RUssia,
Canada, Estados Unidos e Oma.
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A taxonomia deCloudina Germs, 1972 foi atualizada e teve sua diagnose
emendada (Adérnoet al., 2017). O matdi@b deCloudinalucianoi (Beurlen eSommer,

1957) foi redescrito e posteriormente comparado com outras espécigewiting em
especial cono materialtipo deCloudinahartmanaeGerms, 19720 estudo comparativo

entre estas duas espécies foi baseado em critérios morfolégicos e morfométricos objetivos,
que permitiram propor gueloudinahartmanaedeveria ser considerada sindnimo janior
deCloudna lucnianoi Esta Ultima espécie passou entdo a ocupar a posi¢ao de-&ippécie

do GénerdCloudinae a ter sua distribuicdo geografica ampliada para todos os continentes,
revelando uma grande importancia para estudos de correlacdo bioestratigraéica glob

A ocorrénciaCloudinacarinataCortijo et al., 2010 foi registrada a partir de siltitos
da Formacdo Tamengo na localidade denominada Porto Figueiras, Municipio de Corumba.
Esta ocorréncia € o primeiro registro desta espécie no continente ameriqaiamdcosua
distribuicdo geogffica, cuja ocorréncia jA havia sido documentada, até o presente, em
sec¢des na Espanha e na Sibéria. Alér€ldedinacarinataforam descritas ocorréncias
inéditas de estruturas aciculares interpretadas como espiculas deopariha camara
interpretada como possivel gémula de porifgue, juntamente coi@orumbella werneri
e Cloudina lucianoi, integram a assemblagem de metazoarios biomineralizadores
bentdnicos epibiontes sésseis da Formacao Tamengo.

As ocorréncias deCloudina lucianoi da Formagdo Tamengo consideradas
autdctone sdo associadas a carbonatos interpretados como representantes de
paleoambientes com baixa sedimentacéo siliciclastica e em condi¢des de dgua raza na zona
fotica. Cloudina lucianoi tem sido consideradaomo responsaveis pelas primeiras
construcdes recifais produzidas por metazoarios em diversas se¢fes do Edicariano mais
superiorglobalmente distribuidaGrotzinger & AFRawabhi, 2014 2015; Wood, 2011
Penny et al., 2034 Por outro lado, os metazoari@rumbella wernerie Cloudina
carinata ocorrem com maior frequéncia associados a camadas de rochas siliciclasticas,
interpretadas como tendo sido depositadas em paleoambientes relativamente mais
profundos ou ainda em condigfes episddicas de maior aposedimentosFinas laminas
de siltito com coloragdo vermelha abrigam grande niumero de espécitGesudabella
werneri e mais raramente déloudina carinata, onde também se observa ocorréncias
abundantes de icnofésseBordia marinae Pilichnus cf. P. dichtomus A coloragéo
vermelha destas finas camadas de siltito em meio a camadas com coloragéo cinza escuro,
se devem a presenca de Oxido de ferro, podendo representar episodios de oxigenacgéo do
paleoambiente, que tornavam possiveis a colonizacdo episddicangtazoarios
bentdnicos sésseis e vageis.

O presente trabalho apresenta sistematica paleontolégica para as icnoespécies
Didymaulichnus lyellie Multina minimapreviamente registrada® topo da Formacao
Tamengo e base da Formagé&o Guaricurus na sec@&dmara Laginha (Parry et al., 2017)
assim como parduas novas ocorréncide Gordia marinaEmmons, 1844 Bilichnuscf.

P. dichotomugJchman, 199%a Formacdo Tamengo, pedreira Carb&lltina minima
Gordia marina e Pilichnus cf. P. dichotomusintegram a assemblagem icnolégica
atualizada para a Formag&do Tamengo, das quais aquela denavhittadminimaocorre
também na Formacgdo Guaicurus enquanto Qigymaulichnus lyellipossui, até o
momento, ocorréncia restrita a Formacao Guaicurus.

Pilichnus cf.P. dichotomug constituido por escava¢des complexas e bifurcadas,
representando organismos epibiontes com estratégias elabodadas de escavacao.
Didymaulichnus lyelli é representada por escavacdes produzidas por organismos
endobiontes vageisGordia marira representa tracos possivelmente produzidos por
organismos bentdnicos epibiontes vagéistdia marinaconstiuise de tracos superficiais
simples curvados ou em forma de lacos que possivelmente estdo associados a organismos
epibiontes vageis exploradords substrato na interface agsedimentoMultina minima
€ representada por microtineis que representam complexos padrbes de escavacdes
possivelmente associados a pequenos organismos vermiformes endobiontes vageis capazes
de penetrar por¢des constituidas material macio e inconsolidadas do substrato.
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O conteudo micropaleontolégico da Formacdo Tamengo € constituido por
microfésseis permineralizados e orgéanicos. Os microfésseis permineralizados incluem
registros inéditos de vesiculas identificadas c@hoaria circularise uma camara com
afinidade taxonémica incerteentativamente atribuida a gémula de porifieustada na
superficie reticular de um espécime provavelmente representante de perifesalidade
do porto Sobramil

Quinze espécies de miofésseis organicos, provavelmente oriundos de
organismos planténicos, foram identificadas a partir das amostras da Formacg&o Tamengo:
Arctacellularia januarensisDenezine, 2018nomem nudum, Leiosphaeridia ternata
(Timofeev, 1966) Leiosphaeridia crassgNaumova, 1949) Leiosphaeridia jacutica
(Timofeev, 1966) Leiosphaeridia minutissimaNaumova, 1949) Leiosphaeridia
tenuissima Eisenack, 1958 Leiosphaeridia obsuleta(Naumova, 1949) Bavlinella
faveolata Vidal, 197§ Bambuites erichseniiSommer, 1971,Syrsphaeridium sp,
Jacutianemap, Lophosphaeridiursp, Ostiama microcystislermann in Timofeev et al.,

1976 Navifusasp. and Genl. sp. 1 (chitinozoan like flatlaped) Cinco espécies de
palinomorfos foram identificadas a partir de amostras da Formaeagying, China:
Bavlinella faveolata, Leiosphaeridia minutissima, Leiosphaeridia crdssiasphaeridia
obsuleta(Naumova, 1949 Ostiama microcystisNove espécies da Formacao Nomtsas,
Namibia: Bavlinella faveolata, Ostiama microcystis, Leiosphaeridiaassa,
Leiosphaeridia obsuletdNaumova, 1949)Leiosphaeridia tenuissima, Leiosphaeridia
minutissima, Soldadophycus major, Coniunctiophycus conglobatiMyxococcoides
siderophila Quatro espécies da Formacao Tagatiya Guazu, Par@gtiaina microcystis,
Leiosphaeridia obsulet@Naumova, 1949 Leiosphaeridia minutissima uma espécie
indeterminada Genl sp. 1 Percebetse a auséncia de vesiculas organicas maiores e
ornamentadas em todas as secdes estudadas do Brasil (Formacdo Tamengo), Paraguai
(Formagio Tagatiya Guazu), Namibia (Formagdo Nomtsas) e China (Formacao Dengying),
como tipicamente é descrito para sequéncias do Ediacariano mais superior em diversas
secdes globalmente distribuidas (KndbB96; Vidal & MoczydlowskaVidal, 1997,
Gaucher2000).

E possivel notar uma mudanca dramatica entassemblagem fossiliferdas
formacdes Tamengo e Guaicurus. Essa mudanca é seguida por mudancas no paleoambiente
deposicional. A Formacao Tamengo foi depositada em contexto paleoambiental favoravel
a precipiacdo de carbonatos, que seria interrompida episodicamente por entrada de
sedimentos siliciclasticos imaturos muito finos de uma-timei@ poximal. A Formacédo
Guaicurus, por outro lado, € o resultado de um fornecimento siliciclastico ininterrupto
imaturoe muib fino, proveniente de uma arfemte poximal. Aparentemente, entre todas
as vinte eduasespécies restritas & Formagdo Tamengo, houve apenas uma sobrevivente, a
icnospécieMultina minimaque ocorre nessas duas formacdes. Possivelmente, o habito
bentdnico endobionte poderia ser a estratégia para resistir as mudancas paleoambientais
registradas na porgéo superior do Grupo Corumngspponsavel pelo evento de extingdo em
massa observado no limite entre a Formacdo Tamengo e Guaicurus, Grupo Corumba,
EdiacarianeCambriano

A integracdo das informacgdes relativas a taxonomia e distribuicdo estratigrafica
das espécies que integram a biota da Formagédo Tamengo foi apresentada na forma de um
ensaio bioestratigrafico composto satebiozonas, da base paraopo respectivamente
denominadas: Superzona de Assemblag#audinacom abrangéncia em todas as 15
sec¢Oes avaliadas. Inseridas nesta superzona, foram propostas trés biozonas, distribuidas nas
secbes do Brasil e do Paraguabna diferencial inferioCloudina lucianoi/Corumbella
werneri Zona de AmplitudéCorumbella werneriZona diferencial superid@@orumbellla
werneriCloudina lucianoi. Foi proposta uma Subzona de Assembladgamlinella
faveolatalLeiosphaeridia minutissimanserida na base da Zona de ArygleCorumbella
werneri. Esta subzona tem abrangéncia geografica em secfes do Brasil, Argentina,
Uruguai, Namibia e Chin& subzona/endotaenia antiqgu&loudinalucianoiConcurrent
Range Subzoneesta inserida no topo da Zona diferencial supe@arumbella

Vi
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werneriCloudina lucianoi. Por ultimo foi apresentado uma biozona na base da
Formac&oGuaicurus, denominattma de AssemblageBidymaulichnus lyelli/Eoholynia
corumbensisEsta biozona pertence ao-Eambriano e esta restrita, até o momento, a
localidack da pedreira Laginha.

CONCLUSOES

Vinte eseisespécies foram descritas a partir das formac6es Tamengo e Guaicurus,
porcdo superior do Grupo Corumblémte Ediacaranian€ambriano do BrasilEsta
assemblagem fossiliferafoi agrupada em cinco categoriasmetazoarios
biomineralizadores, vendotaenideos, icnofésseis, microfésseis permineralizados e
microfésseis de paredes organicas.

A fossil assemblagde Formacgdo Tamengo consiste de vintésespécies. Deste
total, trés espécies representam organisnursiberalizadores bénticos sésseis de habito
epibionte:Cloudinalucianoi (Beurlen e Sommer, 195@oudinacarinata Cortijo et al.,
2010,Corumbella wernerHahn et al., 1982 e uma espécie indeterminada de porifero. Uma
espécie vendotaenidio epibiontesi@éendotaenia antiqu&nilovskaya, 1971ambém foi
agui estudadaDuasicnospices representam atividade de organismos de habito bentbnico
enddbionte vagil:Multina minimaUchman, 200% Pilichnus cf. P. dichotomudchman,
1999.Gordia marinaEmmonse Pilichnus cf. P. dichotomugpresentam animais sésseis
epibiontes exploradores da interface agedimento. Adicionalmente, foram recuperadas
dezesseisespécies provavelmente derivadas de organismos plactbniagiszeQ
microfosseis de parede organicarctacellularia januarensisDenezine, 2018&omem
nudum, Leiosphaeridia ternatélTimofeev, 1966) Leiosphaeridia crassgNaumova,

1949) Leiosphaeridia jacuticdTimofeev, 1966)Leiosphaeridia minutissimgNaumova,
1949) Leiosphaeridia tenuissimiisenack, 1958Leiosphaeridia obsuletgNaumova,
1949) Bavlinella faveolata Vidal, 1976 Bambuites erichseniiSommer, 1971,
Synsphaeridiumsp, Jacutianemasp, Lophosphaeridiumsp, Ostiama microcystis
Hermann in Timofeev et al., 197Blavifusasp. and Genl. sp. 1higinozoan like flask
shaped)e uma espécie de microféssil permineraliz&toaria circularisWalcott, 1899.

Quatro espécies representam a assemblagem bentbnica para a Formagéo
GuaicurusEoholynia corumbensiSaucher et al., 2003 awuia dalensiglofmam, 1979
in (Hofmann & Aitken, 1979)Multina minimae Didymaulichnus lyell(Rouault, 1850).

Deste total, trés espécies tém ocorréncias restritas a essa forfawg@pnia corumbensis
Tawuia dalensigHofmann, 1979 in (Hofmann & Aitken, 1978)Didymaulidinus lyelli
ApenadMiultina minimapossui ocorréncias compartilhadas cofroemacao Tamengo.

Como é possivel notar, a Formacdo Tamengo é detentora da maior diversidade de
espécies do Grupo Corumba, Ediacariano mais superior. Um evento de desaparecimento
localé conspicuo durante a passagem da Formacao Tamengo para a Formacad Guaicurus.
Com base na datacéo disponivel e nas mudangas dramaticas no paleoambiente e na biota,
foi apresentada uma hip6tese de que este desapareciemento local poderia estadaelaciona
a extincdoem massa a nivglobal do limite Ediacarian@ambriano, pouco antes da
explosdo do Cambrianoconforme observado em outras secdes consideradas
cronocorrelatas

Aparentementedentre todas as vinte duas espécies restritas a Formacao
Tamen@, houve apenas uma sobrevivente, a icnospédalgna minimaque ocorre nas
duas formagfes estudadas. Possivelmente, o habito benténico endobionte poderia ser a
estratégia para resistir as mudangas paleoambientais registeaglagento de extingdo em
massa experimentadwa porcao superior do Grupo Corumba.

Cinco secdes da Formacdo Tamengo tiveram descricdo litoestratigraficas
atualizadas: secdo do Ecoparque da Cacimba, Porto Figueiras, Porto Sobramil, pedreiras
Corcal e Laginha. Além do levantamento gesfis litoestratigraficos, as ocorréncias das
espécies foram posicionadas em cada perfil, permitindo a proposicdo de ensaios
bioestratigraficos.
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Também foram recuperadas e identificadas cinco espécies de microfésseis
organicos a partir de amostras darmracdo Dengying, ChinaBavlinella faveolata,
Leiosphaeridia minutissimd._eiosphaeridia crassd,eiosphaeridia obsulet@Naumova,

1949)e Ostiama microcystjdNove espécies a partir de amostras do Grupo Nama, Namibia:
Bavlinella faveolata, Ostiama microstys, Leiosphaeridia crassd,eiosphaeridia obsuleta
(Naumova, 1949)eiosphaeridia tenuissima, Leiosphaeridia minutissima, Soldadophycus
major, Coniunctiophycus conglobatuaMyxococcoides siderophil®uatro espécies na
Formagéo Tagatiya Guazu, Paragu@istiama microcystisLeiosphaeridia obsuleta
(Naumova, 1949)and Leiosphaeridia minutissimae Gen.1 sp. 1. O resultado
micropaleontologico para estas secdes complementou o0 escasso registro de espécies de
microfésseis organicos no Ediacariano mais soperi

Setebiozonas foram propostas, sendo representadas da base para o topo: Superzona
de Assemblager@loudinadistribuida em todas as sec@es avaliadas no Brasil, Paraguai,
Uruguai, Argentina, Estados Unidos, Canada, Namibia, Omd, Russia e China. Inseridas
nesta superzona, ha trés biozonas, distribuidas em sec¢des do Brasil e do Paraguai, da base
para o topo: 1Zona diferencial inferioCloudinalucianof/Corumbella werneri2) Zona
de Amplitude Corumbella werneri 3) Zona diferencial superiorCorumbellla
werneri/Cloudinalucianoi. Com base no registro micropaleontol6gico foi possivel propor
a Subzona de Assemblag®&avlinella faveolata_eiosphaeridia minutissiméanserida na
base da Zona de Amplitudgorumbella wernerique possui distribuicdo geogréafica no
Brasil, Argentina, Uruguai, Namibia e ChirfasubzonaVendotaenia antiqu&loudina
lucianoi ConcurreriRange Subzonesta inserida no topo da Zona diferencial superior
Corumbellla wernefiCloudinalucianoi. Por Gltimo foi apresentado uma biozona na base
da FormacdoGuaicurus, denominadZona de AssemblagemDidymaulichnus
lyelli/Eoholynia corumbensi€sta biozona pertence ao-Eambriano e esté restrita, até o
momento, a localidade da pedreira Laginha.

Futuros estudos envolvendo taxonomia e distribuiciategafica da biota de
secbes que representam o Ediacariano mais superior serdo de grande importancia para
avancos bioestratigraficos do intervalo Ediacariano mais superior. Atencao especial precisa
ser dada as ocorréncias @&udina sp. reportadas naoFnagcdo Sete Lagoas, Grupo
Bambui, principalmente visando o posicionamento estratigrafico e taxondmico precisos
para aquelas ocorréncias. Adicionalmente, estudos sobre biologia especialmente nas areas
de filogenia e morfologia comparada com metazoari@sn ale estudos aprofundados
sobre a microbiota deste importante intervalo, devem ser encorajados.

REFERENCIAS BIBLIOGRAFICAS
Todas referéncias bibiograficas sdo apresentadas no cipiEERENCESIesta tese.
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EXPANDED ABSTRACT
Taxonomy, paleoecology andhronobiostratigraphy across the Ediacaran

Cambrian boundary: Tamengo and Guaicurus formations

Rodrigo Rodrigues Adoérno
Laboratory of Micropaleontologylnstitute of GeosciencedJniversity of Brasilia
Campus Darcy Ribeiro Asa Norte, Postal Code: B30

ABSTRACTI This work presentsesults of the taxonomic study and the stratigraphic
distribution oftwenty-six species of Tamengnd Guaicurusormatiorsin five sections in

the Corumbéand Ladarioregiors. Corcal and Laginha quarries, Porto SobrarRibrto
Figueiras and Ecoparque Cacimita addition, paleoecological and paleoenvironmental
inferences are presented based on the occurrence foisilsassemblagand the updating

of the lithostratigraphic description of thecens ofupper Corumb&roup Cloudina
carinata Cortijo et al., 2010, had documented occurrences in Spain and Siberia, and now
it is presented unprecedented occurrence in America continent,sfistones of the
Tamengo Formatioat Porto Figueiras sectipBrazil. Thestudiedpaelobiotas composed

of three biomineralizing metazoanCloudina lucianoi (Beurlen & Sommer, 1957)
Cloudinacarinata, Corumbella wernerHahn et al., 1982poriferous spiculesputative
sponge gemmuleand sessile epibiontgrokaryoticcolony Vendotaenia antiqua
Gnilovskaya, 1971 The present work also deals with taxonomy and stratigraphic
distribution of thefour ichnospeciesGordia marinaEmmons, 1844Pilichnus cf. P.
dichotomusUchman, 1999Didymaulichnus lyelli{Rouault, 1850}and Multina minima
Uchman, 2001 that integrate the updabeshthic vagileéichnofaunafor upper portion of
Corumba GroupThree vendotaenid species were identifisndotaenia antiquan
Tamengo Formation, ansvo species in Guaicurus FormatidBoholynia corumbensis
Gaucher eal., 2003 and’awuia dalensigiofmann, 1979 in (Hofmann & Aitken, 1979)
The species diversity of the Tamengo Formatassil assemblageas complemented by

the occurrence ofixteen microfissil species that possibly represented marine planktic,
characerized by the permineralized microfossiChuaria circularis Walcott, 1899and
otherfif teenspecies omall sphaeromorpheganicwalled microfossilsArctacellularia
januarensisDenezine, 2018 :omem nudum, Leiosphaeridia terndfEimofeev, 1966)
Leiosplaeridia crassa(Naumova, 1949) Leiosphaeridia jacuticaTimofeev, 1966)
Leiosphaeridia minutissim@Naumova, 1949)Leiosphaeridia tenuissintaéisenack, 1958
Leiosphaeridia obsuletétNaumova, 1949)Bavlinella faveolatavidal, 1976 Bambuites
erichseniiSommer, 1971Synsphaeridiunsp, Jacutianemasp, Lophosphaeridiunsp,
Ostiama microcystiglermann, 1976 in (Timofeev et al., 1976)avifusasp. and Genl

sp. 1 A dramatic changed was identified in paleoenvironmental conditions for deposition
of Tamemo and Guaicurus formations can be clearly seen that there is a possibility of
these changes contributing to témination ofalmost 95% of the paleobigtacluding
theextinction of the epibenthic metazoan déneldisappearancef plankticorganicwalled
microfossil. Among all twentytwo species restricted to Tamengo Formation, there was
only one survivior, the ichnospeciddultina minima that occursin both of these
formations This localdisappearanceould be attributed to the glotatliacararCambrian
massextinction.In addition,sampleswvere prepared and analyzed from sections of three
countries where organiavalled microfossils were recoveredine species from the
Nomtsas Formation, Namibitgur species from the Tagatiya Guazu Formatioragaay

and six species from the Dengying Formation, China. These results increased the scarce
record oforganicwalled microfossilspeciedrom these additionalppermosEdiacaran
selectedsections. Based on the taxonomic results and the stratigraptribwtion of the
species identified from the Tamengo Formation in the Corcal quarry, a biostratigraphic
essay consisting afevenbiozones was proposed. Based on the complementation of the
micropaleontological data for the three additiostldiedsectiors, and based on the
paleontological record present in the bibliography for other selected sections, the Tamengo
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Formation biozones could be extended covering fiftggoermosEdiacararsections from
nine countries: Brazil (four sectiofs Paraguay (thresections), Uruguay, Argentina,
Namibia, China, Russia, Canada, United States and Oman, one section easgvehhe
biozones proposed wenamed from bottom to topCloudinaAssemblageSuperzone that
is distributed in all 15 analyzed sectionsserted inthis superzone, there are three
biozones: Cloudina lucianoVCorumbella wernerilnterval Zone; Corumbella werneri
Range ZoneCorumbellla werneriCloudinalucianoi Interval Zone, these three biozones
have geographic distribution until the presetich isrestricted to Brazil and Paraguay.
Two subzones are propos@&avlinella faveolata_eiosphaeridia minutissimassemblage
Subzoneénserted in the base Glbrumbella wernerRange Zone andendotaenia antigua
Cloudina lucianoi ConcurrertRange Subzone at thgper portion of theCorumbella
werneriCloudinalucianoilnterval ZoneThe first subzone spans across Brazil, Argentina,
Uruguay, Namibia and Chinaghe second across BrazMNamibia, China and Siberia
Finally, Eoholynia corumbensi®ange Zonewas propsed in thebase of Guaicurus
Formation at Laginha quarrigwermost Cambriarwhich is restricted to Laginhguarry
locality so far.

Key words: EdiacararCambrian Corumbéa Group, biostratigraphmicropaleontology

INTRODUCTION

The objective of this wdris to present a detailed taxonomic studypéoform
anaysis ofstratigraphic distribution of the speciasd to propose a chronobiostatigraphic
frameworkfor the biota of théfamengo and Guaicurus formations, Ediacaambrian
boundary Brazil. In addtion, paleoecological and paleoenvironmental inferences are
presented based on the occurrence of the species and the lithostratigraphic update of the
sections in Corumband Ladario regiondMato Grosso do Si8tate Brazil. Considering
the scarcity of niropaleontological data fappermosEdiacaran sections, samples from
three additional sections wereprepared and analyzed frothe Nomtsas Formation,
Namibia, Tagatiya Guazu Formation, Paraguay and Dengying Formation, Chisa.
additional study aims teomplement the record of organmi@lled microfossils species
described for these three additional sectidtisally, it is the objective othis work to
present an integration and comparison of the results obtained from the analysis of the
Tamengo Formatinfossil assemblagaith those pubshed for other uppermost Ediacaran
sections fromParaguay, Uruguay, Argentina, Namibia, China, Russia, Canada, United
States and Oman, by proposing a biostratigragsayfollowing the recommendations of
the Internatonal StratigraphicCode.

The chronostratigraphic horizon of interest in this work coversugiEermost
Ediacaranand lowermost Cambrian The Neoproterozoic is marked by significant
paleoenvironmental changes, including important atmospheric oxidatiots gialowed
by the oxidation of the deeper portion of the seas, and also to record glacial events with ice
caps that could reach low latitudes (Hoffman, 2009). Scientific publications indicate at least
three most significant glacial events during the Netgyozoic: the first is called Sturtian
glaciation (~ 720 Ma); the second Marinoan glaciation (~ 635 Ma); and the third glacial
event would have occurred in the Ediacarian and became known as the Gaskiers glaciation
(~ 580 Ma) (Hoffman, 2009).

In additon to the paleoclimatic changes, the Bvels of the seas and the
atmosphere also oscillated dramatically during the Ediacaran Period. There is evidence that
O, concentrations varied from about 30% to more than 100% of the current level (Fike
et al., 2006; Canfield & Teske, 1996). It is argued that the simultaneity between
appearances of complex life forms, while there is geochemical evidence that the available
oxygen levels rose during the Ediacaran (6381Ma) could represent cause and effect
relaionship. This simultaneity has led several authors to propose that increased oxygen
availability would have been one of the main causes of the onset of complex animals (Evans
et al., 2018). The increased availability of oxygen would have enabled the aoeege
diversification of groups with eukaryottellsand multicellular and also the diffusion of
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oxygen through complex tissues. The synthesis of some of the tissues involves substantial
metabolic expenditure of oxygen, such as the case of collagdresimfFike et al., 2006;
Canfield & Teske, 1996). The nature of the relationship between biological innovations
and the simultaneous paleoenvironmental and paleoclimatic changes are still under debate,
whether causal or merely simultaneity.

The EdiacaranPeriod also records one of the most important biological
innovations: the emergence of the biomineralized skeleton. In addition to the species of
CloudinaGenus,there are other numerobsmineralizingspecies oflistributed into the
genusSinotubulite<Chen, et al., 198 onotubugzZhang and Lin, 1986 in (Lin et al., 1986)
NamacalathusCorumbellaHahn et al., 1982 an@aojiashaniaYang et al., 198 (Lin
et al., 1986)The Ediacaran also recorditic turnover and extinction closely followed by
the Cambrian Explosion, marked by the appearance of a diverse array of metazoan groups,
and the most dramatic interval of metazoan morphologic innovation in the history of life
(Erwin, 2013; Darroch et al., 2018).

Among the biomineralizing specieCloudina species are themost widely
geographically distributeavith occurrences in several sections oftthpermosEdiacaran
stagein Namibia (Grant, 1990), Oman (Conway Morris et al., 1990) , South China (Hua et
al., 2005, Cai et al., 2013, Cortijo et al., 28),55pain (Cortijo et al., 2010, Cortijo et al.,
2015h), Siberia (Kontorovich et aAR008;SourTovar et al., 2007), Brazil, Argentina, and
Uruguay (Gaucher et al., 2006), Canada (Hofmann & Mountjoy, 2001) (Warren et al.,
2014), Paraguay (Warren et alQ1a, 2012, 2017, 2019) aritle USA (Grart, 1990;
Zhuravlev et al., 20)2Sinotubulites species also have broad geographical distribatiwh
have been described in sections ofubpermosEdiacaran of Southern China (Cai et al.,
2015), Mexico (McMenaminl985), California and Nevada in the United States (Signor et
al. 1987), and in Spain (Cortijo et al., 2015b). The problematic spBeissmcalathus
hermanasteswvas originally described fromne Nama Group, Namibia (Grotzinger et al.,
2000; Zhuravlev etlg 2015) with occurrences alsecordedn Paraguay (Warren et al.,
2019) In addition, this species also occurs in the uppermost Ediacaran in western Canada
(Hofmann & Mountjoy, 2001), Oman (Amthor et al., 2003), Siberia (Kontorovich et al.,
2008,2009;Grazhdankin et al., 201%nd Paraguay (Warren et al., 2017).

The upper Corumbéa Grougections represent the best opportunities to stiuely
terminal Ediacaranlimate changeand biological innovations South America (Boggiani
et al., 2010). The Corusd Group is constituted from the base to the top by Cadieus,
Cerradinho, Bocaina, Tamengo and Guaiucdoumations Several works have been
producedon the palaeontology of the Corumba Gro{Beurlen & Sommer 1957;
Fairchild 1978; Hahn et al1982; Waltle et al.1982; Zaine & Fairchild1985; Zaine 1991;
Hidalgo, 2002; Gaucher et al2003;BeckerKerber et al.2013; Tobias2014;Pacheco,

2012; Leme et al., 2008; Pacheco et al., 2@dlde et al.2015; Ad6rno et al2017; Parry
et al, 2017, alsoon thestratigraphy andectonaestructural evolutionBarbosa 1949;
Almeida 1964, 1965, 1984; Alvarenga & Trompett892; Boggiani & Alvarenga2004;
Gaucher et a12003; Babinski et 812008; Boggiani et al2010; Meira2011; Spangenberg
et al, 2014 DReg dt al. 2016; Sial et a).2016); and finallyon the sedimentological
context(Boggiani et al. 1993; Boggiani 1998; Oliveira 2010; Campanha et aR011;
Fontanela2012; Fazio et al., 2019).

METHODOLOGY

Several fieldwoks were carried outin the vicinity of the municipalies of
Corumbéand Ladérip Mato Grosso do Sul, in addition to a field work in Namibia and
South Africa and another in the South of ChseationsDuring the field work in Corumba
region lithostratigraphidogs wereuptdated and samples wetellectedin a systematic
way with positioning ofeach collected sampldhe studied locations of the Tamengo
Formation, Corumba Group include the outcropdivd main localities:Ecoparqueda
Cacimba, CorcahndLaginha quaies, Porto Sobramiland Porto Figueiradn addition,
samples collected from sections of the Dengying, China, Tagatiya Guazu, Paraguay
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(collected andsharedoy Professor Luca¥. Warren)and Namtsas, Namibia formations
were prepared to complement the scarce rocgeicrofossils species register for these
sections.

Three modalities of samples preparation were used aiming at the recovery of
fossils: 1. Invertebrates, 2. permineralized microfossils and, 3. Orgafied microfossils
(palynologic maceration)As for the study of the occurrence of invertebrates such as
Corumbella wernerand Cloudinalucianoi as well as théchndossils and macroscopic
algae, the study initially consists of the description and direct analysis from rock using
stereoscopic microscoppplished sections were prepared as well as thin slides for study
on the stereoscopic microscopy, petrographic microscope and in specific cases of scanning
electron microscopy (SEM).

For the chemical preparation and concentration of the particulate ©rgani
components (organiwalled microfossils),the own methodology developed in the
Laboratory of Micropaleontology was used. The preparation consists of attacking the
samples for 2h with 37% hydrochloric acithe samplesrereneutralized and treated with
47% hydrofluoric acid for 12hAgain the samples were neutralized by several washes with
distilled water until the pHvasclose to 7 A further hydrochloric acid digestion can be
done for fluorite consumption. For the assembly of the permanent palynoklglealthe
supernataniorganiecmatter content was usednd Entelarwas used as the standard
mounting medium coved with covesslip glass

An extensive literature survey was conducted to determine which sections would
be selected for comparison studieish the results obtained from the sections studied in
the Tamengo Formation. The bibliographic consultation allowed to include, in addition to
thefive studiedsections, eleven additional sections distributed in Paraguay (three sections),
Uruguay, Argentia, Namibia, China, Russia, Canada, the United States and Oman with
one section each. All illustrated materak housed in the collections of @rascopic
fossils under the suf (MAF-), Micropaleontological collection (MPor in the research
collection(CP-) of the Museum of Geosciences, at the Laboratory of Micropaleontology
of the University of BrasilidUnB.

RESULTS AND DISCUSSION

Twenty-six described species integrate thesil assemblagef the Tamengo and
Guaicurus formations, and were clustersid categories:biomineralizing metazoan,
biomineralizing microfossils, vendotaenids, ichnofossils,organicpermineralized
microfossils and organiwalled microfossils.

Tamengo Formatiofossil assemblageonsists otwenty-threespeciesFrom the
total of twentythree speciesthree represent benthic biomineralizing epibiont of sessile
habit: Cloudinalucianoi (Beurlen & Sommer, 1957 Cloudina carinata Cortijo et al.,
2010,Corumbella wernerHahn et al., 1982 and an indeterminate species of poriferous
Three ichnospecies represent activity of vagile organisms of benthicMaliiia minima
Uchman, 2001Gordia marinaEmmons, 1844 anRilichnus cf. P. dichotomudchman,
1999.Multina minimarepresents endobiot organisms witderdia marinaandPilichnus
cf. P. dichotomusrepresent epibiontvagile explorers of watesediment interface.
Additionally, sixteen species probably derived from plankticic organisms were recovered
Fifteen species of small sphaeromorphs orgamited microfossils that possibly
represented marine planktigrctacellularia januarensiPenezine, 2018&omem nudum,
Leiosphaeridia ternata(Timofeev, 1966) Leiosphaeridia crassgNaumova, 1949)
Leiosphaeridia jacuticdTimofeev, 1966)Leiosphaeridia minutissim@aumova, 1949)
Leiophaeridia tenuissimd&isenack, 1958Leiosphaeridia obsulet§Naumova, 1949)
Bavlinella faveolatavidal, 1976 Bambuites erichsenbommer, 1971Synsphaeridium
sp, Jacutianemasp, Lophosphaeridiunsp, Ostiama microcystiglermann in Timofeev
et al., 196, Navifusasp. and Genl. sp.dnd one species of permineralized microfossils
Chuaria circularisWalcott, 1899. The sessile epibiopokaryoticcolony Vendotaenia
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antiquawas previously reported in Cerradinho and Bocaina formations, and herein the
occurences are expanded to Tamengo Formation.

Four species represent the bentfussil assemblagéor Guaicurus Formation:
Eoholynia corumbensiSaucher et al., 200Fawuia dalensisilofmann, 1979 in (Hofmann
& Aitken, 1979) Multina minimaand Didymaulicmus lyelli (Rouault, 185Q) From the
total, three species have occurrences restricted to this formathnlynia corumbensis
Tawuia dalensigiofmann, 1979 in (Hofmann & Aitken, 1978adDidymaulichnus lyelli
only Multina minimahas shared occurrenogigéh Tamengo Formationt is worthy of note
that Tamengo Formation yielded the greatdstiversity.

It is possible to note a dramatic change infdssil assemblagEom Tamengo to
Guaicurus formations. This change in tbssil assemblagare folloned by changes in the
depositional paleoenvironment. The Tamengo Formation was deposited in a favorable
paleoenvironment for deposition of carbonates, which was episodically interrupted by
immature siliciclastic supply from very firgrained rocks of a nday source area. The
Guaicurus Formatignon the other hand, is a result of an uninterrupted immature
siliciclastic supply from a nearby source am@nposed of very fingrained rockgFazio
et al.,, 2019) Apparently, 95% of the twentythree speciesof Tamengo Formation
disappearedpnly the ichnospecieMultina minimahave occurences both of these
formations Possibly,the benthic endobiont habit could be the strategy to resist the
paleonvironmental changes recorded in the upper Corumbéa Group.

This disappearanceecordedduring the passage of Tamengo to Guaicurus
formation could be related to the Ediaca@ambrian globamassextinction event, just
before the Cambrian Explosi@s observed globalliparroch et al., 2018Y his inference
is reinforcedby the dating ofsh beds d@he upper portion of Tamengo Formation at Corcal
qguarry section presented in Parry et al. (2017) as 541.85 + 0.75 Ma. Considering this age
for the top of Tamengo Formaticam early Cambrian age would be expected for Guaicurus
Formation Furthermore, it is worth mentioning that all occurrences of orgaaiied from
Tamengo have small size (majority betweervBu diameter)and that no organiwalled
microfossil was found in the Guaicurus Formatidrhe small size organiwalled
microfossil in Tamengo Formatiotending toward complete absernicethe Guaicurus
Formation could also reinforce the hypothesis of a Idis@ppearancduring the passage
of Tamengo to Guaicurus, and coaldo be related to tHediacararCambrian etinction
as already mentioned.

In addition to these results, new samples of additional sections of the Dengying,
China, Tagatiya Guazu, Paraguay and Nomtsas, Namibia formations were collected and
prepared. The resslof the preparation and analysis oésle samples complemented the
scarce register of organigalled microfossil species for thesgpermost Ediacaran
sections.The absence of larger and ornate organic vesialas observedn all studied
sections of Brazil (Tamengo Formation), Paraguay (Tgay&uazu Formation), Namibia
(Formation Nomtsas) and China (Dengying Formation), as is typically described for
sequences of the most uppermost Ediacaran sections globally distributed {R66l
Vidal & MoczydlowskaVidal, 1997; Gaucher, 2000).

The taxonomy of Cloudina Germs, 1972 was updated and had its diagnosis
emended (Ad6rnoet al., 2017). The typaterial ofCloudinalucianoiwas redescribed and
later compared to othé&Zloudinaspecies, especiall@loudinahartmanaeGerms, 1972.

The comparative gtly between these two species was based on objective morphological
and morphometric criteria, which allowed to propose taiudina hartmanaeGerms,
1972should be considered a junior synonynCddudinalucnianoi (Beurlen & Sommer,
1957) The latter speaes then occupied the position of typgecies of th€loudinaGenus

and has its geographical distribution extended to all continents, revealing a great
importance for studies of global biostratigraphic correlation.

The occurrenc€loudinacarinataCortijo et al., 2010 was recorded from siltstones
of the Tamengo Formation in the locality calRaitoFigueiras, Municipality of Corumba.
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It is thefirst record of this species in thhmerican continent, expanding iggographic
distribution, whose occurrent®s been documented in sections from Spain and Siberia.

The occurrences dfloudinalucianoi considered autochthonoirsthe Tamengo
Formation are associated with carbonate rock interpreteéd representing
paleoenvironments with logiliciclastic inputand in shallow water conditions in the photic
zone.Moreover,Cloudinalucianoi has been considered as being responsible for the first
reef constructions produced by metazoans in sewgopkermostEdicarian sections
(Grotzinger & AFRawahi, 2014Wood, et &, 2011; Penny et al., 2014). On the other hand,
the metazoaiCorumbella wernerand Cloudinacarinata are most frequently associated
with layers of siliciclastic rockef the Tamengo Formatiginterpreted as having been
deposited in relatively deeperlpaenvironmentand/or in a condition of higher siliciclastc
supply Fine reddiskcolored siltstoneslayers present largaumbers of Corumbella
werneri, ichnofossilsGordia marinaandPilichnus cf. P. dichotomuspecimens and more
rarely Cloudinacarinata The redsh coloration of these thin layers of siltstanérbeded
betweenlayers with dark gray color are due to the presence of iron oxide, which may
represent episodes of oxygenation of the paleoenvironment, which made possible the
episodic colonizatio by sessil@nd vagilebenthic metazoans.

The current work presents th@xonomyfor the ichnoespecieBidymaulichnus
lyelli andMultina minimaUchman, 200previously documented in thep of the Tamengo
Formation and at the base of the Guaricurus Filoman the Laginha quarry section (Parry
et al., 2017) Two other new occurrences identified@srdia marinaEmmons, 1844 and
Pilichnus cf. P. dichotomugchman, 199%re herein presente®idymaulichnus lyelli
occurs only inGuaicurus FormatiorMultina minimg Gordia marinaandPilichnus cf. P.
dichotomusintegrate the updateidhndogy assembly for the Tamengo Formation, of
which Multina minimaalso occurs in the Guaicurus Formation

Pilichnus cf. P. dichotomusonsists of complex and bifurcated exatens,
representing epibiont organisms with elaborate excavation strat&@jdysnaulichnus
lyelli, is represented by excavations producedvagile endobiont organismssordia
marinarepresenttrackspossibly producebly vagileepibiontworms This spe&sconsists
of simple curved or locfike surficial tracksthat are possibly associated with substrate
exploratory vagile epibiontorganisms at the watsediment interfacéMultina minimais
represented bycomplex patternsmicrotunnels that represengxcavations possibly
associated with small, endobiovormthat are able to penetrate portions made up of soft
and unconsolidateskediment

The integration of the information regarding taxonomy and stratigraphic
distribution of the species was presendésa biostratigraphic essay composedsefen
biozones, from the bage the top, respectively name@loudinaAssemblage Superzone
that is distributed irall 15 analyzed sectionfnserted in this superzone, there are three
biozones, distributed in section$ Brazil and ParaguayCloudinalucianoiCorumbella
werneri Interval Zone; Corumbella werneri Range Zone; and Corumbellla
werneriCloudinalucianoilnterval Zone (Adorno et 22016b; Ad6rno et al., 2017).was
possible to propose two subzon&avlindla faveolata- Leiosphaeridia minutissima
Assemblage Subzone inserted in the base€Cofumbella werneriRange Zone and
Vendotaenia antiqu&loudinalucianoi ConcurreriRange Subzone at the upper portion
of theCorumbella werneriZloudinalucianoilntervalZone.The first subzone spans across
Brazil, Argentina, Uruguay, Namibia and China, the seamdsBrazil, Namibia, China
and SiberiaFinally, Eoholynia corumbensiRange Zonevas proposed in thbase of
Guaicurus Formation at Laginha quatowermos Cambrian The geographic distribution
of thisbiozone is restricted to Laginlg@arry locality so far.

CONCLUSIONS

Twenty-six species were described from Tamengo and Guaicurus formations. This
fossil assemblagewere clustered six categories: biomineraizing metazoan,
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biomineralizing microfossils, vendotaenids, ichnofossils,organicpermineralized
microfossils and organiwalled microfossils.

Tamengo Formatiofossil assemblageonsists of twentyhreespeciesFrom the
total of twentytwo speciesthree represent benthic biomineralizing epibiont of sessile
habit: Cloudinalucianoi (Beurlen & Sommer, 1957 Cloudina carinata Cortijo et al.,
2010,Corumbella wernerHahn et al., 1982 and an indeterminate species of poriferous.
Vendotaenia antiquarepresats the sessile epibiontsprokaryoticcolony. Three
ichnospecies represent activity of vagile organisms of benthic Hdbitina minima
Uchman, 2001Gordia marinaEmmons, 1844 anBilichnus cf. P. dichotomudchman,
1999.Multina minimarepresents endadti organisms whil€&ordia marinaandPilichnus
cf. P. dichotomusrepresent epibiontvagile explorers of watesediment interface.
Additionally, sixteen speciegrobably derived from plankticic organismere recovered
Fifteen organicwalled microfossils Arctacellularia januarensi®enezine, 2018 omem
nudum, Leiosphaeridia ternatélimofeev, 1966) Leiosphaeridia crassgNaumova,
1949) Leiosphaeridia jacuticgTimofeev, 1966)Leiosphaeridia minutissimgNaumova,
1949) Leiosphaeridia tenuissimiisenack 1958 Leiosphaeridia obsuletédNaumova,
1949) Bavlinella faveolata Vidal, 1976 Bambuites erichseniiSommer, 1971,
Synsphaeridiumsp, Jacutianemasp, Lophosphaeridiumsp, Ostiama microcystis
Hermann in Timofeev et al., 19/6lavifusasp. and Genl. spl and one species of
permineralized microfossil§huaria circularisWalcott, 1899.

Four species represent the bentfussil assemblagéor Guaicurus Formation:
Eoholynia corumbensiSaucher et al., 200Fawuia dalensisilofmann, 1979 in (Hofmann
& Aitk en, 1979) Multina minimaand Didymaulichnus lyell(Rouault, 185Q) From the
total, three species have occurrences restricted to this formatbnlynia corumbensis
Tawuia dalensigiofmann, 1979 in (Hofmann & Aitken, 1978hdDidymaulichnus lyelli
only Multina minimahas shared occurrences with Tamengo Formation.

It is worthy of note thatTamengo Formation yielded the greatest diversity of
species for terminal Ediacaran Corumba GrdDpe event of locatlisappearance was
proposed and based on theéating available and in the dramatic changes in the
paleoenvironment and biota, a hypothesis of this Idisalppearancehich canbe related
to the global Ediacara@ambrian extinction, just before the Cambrian explosias
presented

Five sections ofthe upper Corumba Groughad updated lithostratigraphic
description:Ecoparqueda CacimbaPorto Sobramil, Corcal and Laginha quarriasd
Porto Figueirasin addition to the updates of the lithostratigrapbgs, the occurrences of
the species were positied in eaclog, allowing the proposition of biostratigraphic essay.

Additionally, five species of organiwalled microfossils wererecovered and
identified from samples of the Dengying Formation, Chilavlinella faveolata
Leiosphaeridia minutissimd._eiosphaeridia crassd.eiosphaeridia obsulet@Naumova,
1949)andOstiama microcystjsNine species from samples from Nama Group, Namibia:
Bavlinella faveolataOstiama microcystid eiosphaeridia crassd.eiosphaeridia obsuleta
(Naumova, 1949) eiosphaedia tenuissimalLeiosphaeridia minutissim&oldadophycus
major, Coniunctiophycus conglobatusndMyxococcoides siderophil&our species in the
Tagatiya Guazu Formation, Paragu&@stiama microcystisLeiosphaeridia obsuleta
(Naumova, 1949) and Leiospharidia minutissima and Gen.l sp. 1. The
micropaleontological result for these sections complemented the scarce record of species
of organiewalled microfossilsfrom the uppermodEdiacaran.

Seven biozones were proposed, from bottom to t@loudina Assemlage
Superzone that is distributéd all 15 analyzed sections Brazil, Paraguay, Uruguay,
Argentina, United States, Canada, Namibia, Oman, Russia and China. Inserted in this
superzone, there are three biozones, distributed in sections of Brazil amguiayara
CloudinalucianoiCorumbella wernerinterval Zone;Corumbella wernerRange Zone;
Corumbellla werneriCloudinalucianoilnterval Zone (Adérno et al., 2016b; Adérno et al.,
2017).1t was possible to propose two subzonBavlinella faveolata Leiosfhaeridia
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minutissimaAssemblage Subzone inserted in the basgoofimbella wernerRange Zone
and Vendotaenia antiqu&€loudina lucianoi ConcurrefRange Subzone at the upper
portion of theCorumbella werneriZloudina lucianoi Interval Zone.The first subzoe
spass across Brazil, Argentirldruguay, Namibia and China, the secawlossBrazil,
Namibia, China and Siberiginally, Eoholynia corumbensiRange Zonavas proposed in
the base of Guaicurus Formation at Laginha quéowermost CambrianThe geogrphic
distribution ofthis biozone is restricted taaginha quarry locality so far.

Future studies involving taxonomy and stratigraphic distribution of the uppermost
Ediacaran fossil assemblagevould be of great importance for advances in the
biostratigrajny. Special attention must be given to the occurrenc€mfdinasp. reported
in the Sete Lagoas Formation, Bambui Group, mainly aiming at stratigraphic positioning
and precise taxonomic positioning for those occurrerineaddition, studies on biology
especially in the areas of phylogeny andrphology compared with metazada addition
to in-depth studies on the microbiota of this important interval, should be encouraged.

BIBLIOGRAPHIC REFERENCES
All citations in this expanded abstract are includeth@chapter REFERENCES
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TAXONOMY, PALEOECOLOGY AND CHRONOBIOSTRATIGRAPHY
ACROSS THE EDIACARAN - CAMBRIAN BOUNDARY: TAMENGO
AND GUAICURUS FORMATIONS

Doctoral thesis by
Rodrigo Rodrigues Adoérno

CHAPTERT 1: INTRODUCTION

The objective of this work is tpresent a detailed study of the taxonomy, analysis
of the stratigraphic distribution of the species and to propose a chronobiostatigraphic essay
for theanalyzedossil assemblagef the Tamengand Guaicurusdrmatiors. In addition,
paleoecological and fEoenvironmental inferences are presented based on the occurrence
of the species and the lithostratigraphic update of the sections of the Tamengo Formation
in the region of Corumba, Mato Grosso do Stdte Brazil. Considering the scarcity of
micropaleondlogical data for mostippermostEdiacaran sections, samples from three
localitieswereprepared and analyzed frddomtsas Formation, Namihi@iagatiya Guazu
Formation, Paraguay and Dengying Formation, China. This additional study aims to
complement the mord of species described in the bibiography, through the systematic
description of new occurrences of orgawiglled microfossils for these three additional
sections. Finally, it is the objective of this work to present an integration and comparison
of the results obtained from the analysis of the Tamengo Fornfatisihassemblageith
those published for other uppermost Ediacaran sections from Paraguay, Uruguay,
Argentina, Namibia, China, Russia, Canada, United States and Oman, by proposing a
biostratigaphic essay following the recommendations of the International Stratigraphic
Code.

The Neoproterozoic is marked by significant paleoenvironmental changes,
including important atmospheric oxidation events, followed by the oxidation of the deeper
portion of the seas, and also to record glacial events with ice caps that could reach low
latitudes (Hoffman, 2009). Scientific publications indicate at least three most significant

glacial events during the Neoproterozoic: the first is called Sturtian glac{atit20 Ma);
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the second Marinoan glaciation (~ 635 Ma); and the third glacial event would have
occurred in the Ediacarian and became known as the Gaskiers glaciation (~ 580 Ma)
(Hoffman, 2009).

In addition to the paleoclimatic changes, the I€vels of theseas and the
atmosphere also oscillated dramatically during the Ediacaran Period. There is evidence that
O, concentrations varied from about 30% to more than 100% of the current level (Fike
et al., 2006; Canfield & Teske, 1996). It is argued that glmultaneity between
appearances of complex life forms, while there is geochemical evidence that the available
oxygen levels rose during the Ediacaran (6381Ma) could represent cause and effect
relationship. This simultaneity has led several authoggrapose that increased oxygen
availability would have been one of the main causes of the onset of complex animals (Evans
et al., 2018). The increased availability of oxygen would have enabled the emergence and
diversification of groups with eukaryotic amaulticellular cells and also the diffusion of
oxygen through complex tissues. The synthesis of some of the tissues involves substantial
metabolic expenditure of oxygen, such as the case of collagen synthesis (Fike et al., 2006;
Canfield & Teske, 1996). Enhnature of the relationship between biological innovations
and the simultaneous paleoenvironmental and paleoclimatic changes are still under debate,
whether causal or merely simultaneity.

Ediacaran Period records one of the most innovative biologicatatatms, the
advent of the biomineralized skeleton. The first Ediacaran fossils described as having
biomineralized skeletons and certainly the best studied at€ldhelinaspecies. Among
the biomineralizing of uppermostEdiacaranstage (TES), Cloudina is the most
widespread, occurring inppermostEdiacaran successions in Namibia (Grant, 1990),
Oman (Conway Morris et al., 1990), South China (Hua et al., 2005; Cai et al., 2013; Cortijo
et al., 2015a), Spain (Cortijo et al., 2010; Cortijo et al., 2015brid (Kontorovich et al.,

2008; Zhuravlev et al., 2012; Grazhdankin et al., 2015), Canada (Hofmann and Mountjoy,

2001), Mexico (SouiTovar et al., 2007), Brazil and Uruguay (Gaucher et al., 2003; Warren
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et al., 2014; Adoérno et al., 2017), Paraguay (Waetal., 2011) and eastern California
Grant (1990) and Zhuravlev et al. (201Zpable 1.1Tablel. 1. Occurrences ofloudina
species and their localities. (Font: <www.gbif.org>).

Table 1.1. Occurrences ofloudinaspecies and their localities. (Font: <www.gbif.org>).

Species Country Locality Latit grau Long grau
dec dec
Cloudinasp. Mongolia ridge above Khunker Gorge 46.72892 95.99601
Cloudina Paraguay 2 outcrops, 10 km apart, E of the Paraguay Riv ~ -22.7667 -57.48333
lucianoi Rio Apa Block Warren et al., 2011
(Beurlen &
Sommer, 1957)
Cloudinasp. Mexico FCIP 01/625, near Rancho Fatima. 30.11667 -111.9833
Cloudina SPAIN lower reaches of the Estena River on the 39.36167 -4.837778
carinata Cortijo Membrillar property, NE Badajoz
etal., 20D
Cloudina Brazil Porto Figueiras Section Corumba Municipality -18.998937° -57.62873°
carinata Cortijo Mato Grosso do Sul State, Brazil
et al., 2010
Cloudina Russia  borehole Vostok 3 at the Northern Vezdekhodr 59.4 85.66666
lucianoi Horst between western Lisitsa trough and
(Beurlen & RosOmékha trough
Sommer, 1957)
Cloudina Russia  borehole Vostok 3 at the Northern Vezdetthgi 59.4 85.66666
lucianoi Horst between western Lisitsa trough and
(Beurlen & RosOmaékha trough
Sommer, 1957)
Cloudina Canada Jasper National Park of Canada 53.03333 -118.7333
lucianoi
(Beurlen &
Sommer, 1957)
Cloudina China SPECIFIC LOCATION: Shuimoskm Xingshan 31.30833 110.8039
lucianoi County, Hubei, China. LAT/LONG: estimated
(Beurlen & based on Xingshan, China.
Sommer, 1957)
Cloudina China SPECIFIC LOCATION: Lijiagou/Kuanchuanpu  32.94222 106.2264
lucianoi Ninggiang County, Shaanxi, China. LAT/LONC
(Beurlen & estimated based on Nigigng, China.
Sommer, 1957)
Cloudina China Hanzhong, Shaanxi 32.98333 106.2667
lucianoi
(Beurlen &
Sommer, 1957)
Cloudinasp. USA Nopah Range. SE 1/4, SE 1/4, SW 1/4, sec. 1 35.842 -116.089
T20N, R8E, Tecopa Pass 7.5' quadranbdus
slope exposed on Northerding Ridge about
2.4km(1.5mi)NNE of Noonday Mine, Inyo
County, California.
Cloudinasp. USA Montgomery Mountains. SW 1/4, NW 1/4, S\ 36.4 -116.1035
1/4, sec. 11, T185, R52E, Mt. Schader 7.5™"
guadrangle. Talus slope on E side of an unnar
wash. 3.4km(2mi)SW of ghost town of Johnie
Nye County, Nevada.
Cloudinasp. USA Spring Mountains SW 1/4, sec. 34, T18S, R54 36.34 -115.902
Horse Springs 7.5™ quadrangle. Talus slope
immediately NE of Santa Clara Spring, just W
the approximate border betwelge and Clark
Counties, Nevada.
Cloudinasp. Namibia Latitude and longitude coordinates are gener: -22 17
for the country of Namibia.
Cloudina Oman The formation outcrops throughout the Salt Ba: 18 55.31667
lucianoi BirbaArea. Specimens from the Birba Notth
(Beurlen & borehole at a subsurface depth of about 4500

Sommer, 1957)
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Cloudina
lucianoi
(Beurlen &
Sommer, 1957)
Cloudinasp.

Cloudina
lucianoi
(Beurlen &
Sommer, 1%7)
Cloudina
lucianoi
(Beurlen &
Sommer, 1957)
Cloudinasp.

Cloudinasp.

Cloudinasp.

Cloudina
lucianoi
(Beurlen &
Sommer, 1957)
Cloudina
lucianoi
(Beurlen &
Sommer, 1957)
Cloudina
lucianoi
(Beurlen &
Sommer, 1957)
Cloudinasp.

Cloudinasp.

Cloudinasp.

Cloudina sp.
Cloudinasp.
Cloudinasp.
Cloudinasp.
Cloudinasp.
Cloudinasp.

Cloudina
riemkea&®
Germs (1972)

Cloudina sp.

China

Antarctica

China

China

Brazil
Oman
Namibia

Canada

China

Oman

Namibia

Namibia

Namibia

Antarctica

USA

USA
USA
Namibia
Brazil

Argentina

Uruguay

Exposure in a stream section about 300m to t
west of the hamlet of Xuanjiangping and abot
2.8km south bthe village of Kuanchuanpu

Specimens collected near the top of Taylor

Nunatak on the east side of the Skackleton

Glacier, central Transantarctic Mountains.
Lijiagou/Kuanchuanpu [Dengying Fm]

Shuimoshan [Dengying Fm]

Corumbaladario, Brazil

Thrombolites, Mukhaiznd 1 well

Thrombolite Reef, Schwarzrand Subgroup

Ediacaran, Lijiagou, Bed 8, Kuanchuanpu,
Shaanxi

Cloudna of the Gaojiashan Fm., Shaanxi
Province- Conway Morris et. al 1990

Cloudinaof the Ara Formation, Om&nConway
Morris et. al 1990

Zaris Formation, Kubis Sgisoup, Nama Group,
Namibia- Germs 1995
Nomtsas Formation, Schwarzrand Subgroup
Nama Group, NamibiaGerms 1995

Urusis Formation, Schwarzrnad Subgroup, Nai
Group, Namibia Germs 1995

Taylor Formation, AntarticaYochelson et. al.
1977

LACMNH loc. 17132, Wood Canyon Fm., Inyc
County, CA- Hagadorn and Waggoner 2000

LACMNH loc. 17130, Wood Canyonrf., Nye
County, NV- Hagadorn and Waggoner 2000

LACMNH loc. 17131, Wood Canyon Fm., Nye
County, NV- Hagadorn and Waggoner 2000

Late Precambrian Dabis Formation, Germs 19

Quarry in the Januaria City, Late Precambrial

Sete Lagoas Formation, Warren, et al 2014

Loma Negra Formation, Sierras Bayas Grouf
Argentina (Gaucher et al., 2005)

Yerbal Formation, Arroyo del Soldado Group,
Uruguay (Gaucher et al., 2003)
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Sinotubulitesalso has a wide geographic distribution and has been recovered from

uppermosEdiacaran strata in South China (Cai et al., 2015), MexicdAdhamin, 1985),

eastern California and Nevada (Signor et al., 1987), and Spain (Cortijo et al.),2015b

Conotubuszhang and Lin, 1986 in (Lin et al., 1988)dGaojiashaniaYang et al., 1986
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in (Lin et al., 1986)n South China. The colonidlamacalathusvas first described from
Namibia (Grotzinger et al., 2000; Zhuravlev et al., 2015) also occurringppermost
Ediacaran strata in western Canada (Hofmann and Mountjoy, 2001), Oman (Amthor et al.,
2003), Siberia (Kontorovich et al., 2008; Grazhdankin eRatl5) and Paraguay (Warren

et al., 2017)Figure 1.1).

LEGEND
(P Namacalathus <
@ Corumbella . Landmasses

@ Cloudina Continental platform inferred limits

Figure 1. 1. Paleogeographic reconstruction and occurrenédamiding CorumbellaandNamacalathusl i
Australia, 2i India, 37 Antarctica, 4i West Africa, 5i CongeSao Francisco, 6 Kalahari, 7i Parana, 8
Rio de la Plata, P Amazonia, 10 Rio Apa, 11i Laurentia, 12 Madagascar, 18 ArabiaNubia, 14/ Siberia,
157 Baltica (Warren et al. 2017).

Cloudina species havebeen considered as potential guide fossils for the
Ediacaran/Cambrian boundary (Grant, 1990). Theudinagenus was regarded as the
oldest representative of the first aparison of the biomineralized skeleton (Brasier, 1979;
Conway Morris, 1987, 1989Conway Morris et al., 1990).Although new findings of
tubularfossilssuch afkamitubus increscertsu et al., 2008 Ramitubus decrescehsau et
al., 2008,Sinocyclocyclicus guizhouensfae et al., 1992Quadratitubus orbigoniatus
Xue et al., 1992, an€rasstubus costatud.iu et al., 2008 were recovered from the
Doushantud-ormation (635.2 + 0.6 Ma and 551.1 + 0.7 Niapndon et al. 2005). These
older biomineralizing skeletons are attributed ¢alcifying metazoan, allowing to admit
that the emergence of tH#omineralized skeleton is older than &lloudina species

described so faiFigure 1.2).
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Figure 1. 2. Main species of tubular fossils of the upped uppermodEdiacaranA) (Cai etal., 2011 Fig.
3A) Conotubus hemiannulatgang and Lin 1986; B) (Cai et al., 2QFHg. 3C) Closeup view of a three
dimensionally pyritized specimen @onotubus hemiannulatu€) (Cai et al., 2017Fig. 7A) Cloudina
Xuanjiangpingensi€ai et al., 2017D) (Cai et al., 2017 Fig. 6ALloudinaninggiangensi€ai et al., 2017; E)
Hua et al., 2003~ig. 3A) Cloudinalucianoi (Beurlen & Sommer, 1957); F) (Grant, 19%0g. 5A) Cloudina
riemkeaeGerms, 1972; G) (Cortijo et al., 2010 Fig. 4E)oudinacarinata Cortijo et al., 2010; H) (Liu et al.,
2008 Plate 16) Ramitubus increscehsu et al., 2008; 1) (Liu et al., 200&ig. 6C) Quadratitubus orbigoniatus
Xue et al., 1992; J) (Cai et al., 2015 Fig 38ipotubulites baimatuoensiShen, Chen and Qian, 89; K) (Cai
et al., 2013Fig. 4A) Gaojiashania cyclu¥ang et al., 198@ (Lin et al., 1986)L) (Grotzinger et al., 2000
Fig. 8D) Namacalathus hermanast&rotzinger et al.,, 2000M) Digital reconstruction oNamacalathus
hermanaste§Warren et al., 207); N) Walde et al., 2018 ig. 12)Corumbella wernerHahn et al., 1982.

e .

The Tamengo Formation sections represent the best opportunities to study the

terminal Ediacaran climate changes and biological innovations in South America (Boggiani
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et al., 200) (Figure 1.3). Corumbéa Group crops out in the southern Para§o&y Belt in
Brazil, representing one of the most complete Ediacaran sedimentary archives

palaeogeographic, climatic, biogeochemical and biotioluton in southwestern

GondwangBoggiani et al., 2010).
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Figure 1. 3. Regional simplified geological map of the North and south Paraguay fold belt: 1) Section in the

Sobramil port; 2) Section in the ecopark of Cacimba; 3)cé@loguarry; and 4) Laginha quarry section in

Corumbé and Ladario, Mato Grosso do Sul State (Modified by Silva & Jost, 2006).
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The first fossils of the Tamengo Formation, Corumba Group, were discovered by
Octavio Barbosa and later described by Beurlen &8en{1957) agulophycusucianoi
and theremains of algae were indicated to be Cambreurlen & Sommer (1957)
describe and classify the tubular fossils in the limestones of the Tamengo Formation as
Aulophycuslucianoi interpreted as algae fragmentssgibly indicating Cambrian age.
Fairchild (1978) noted the great similarity Afilophycuslucianoi with two species of
tubular fossils of th€loudinagenus Germs, 1972, which occur in limestones of the Nama
Group, uppermost Ediacaran of Namibia. Hahn &¢f(1985)and Zaine & Fairchild
(1985) independently confirm the transferfafiophycuducianoito theCloudinaGenus.

In 1980, Corumbella wernetia fossil metazoan, was descoveredPogfessor
Detlef Walde. Two years latteGorumbella werneriwas famally describedy Hahn et
al. 1982 This species presents centimetric dimensions, pinned shape, preserved three
dimensional and tubular geometwjith the possibility of noticing the presence of periderm
probably chitinousweakly biomineralizedyossiby indicating a Cnidaria Scyphozoa

The first mention of the occurrence of orgawialled microfossils was presented
by Sommer in 1971 where the occurrenc8aibuitesp. in the limestones of Tamengo
Formation was documented (Sommer, 1971Bdirchild & Sundaram (1981)lso
documented organiwalled microfossils in Tamengo Formatjowith occurrences
subsequently confirmed Baine & Fairchild (1987). The first systematic paleontological
framework was presented inZaine (1991), which recorded occurrenadsacritarchs,
filamentous microfossils in the Tamengo Formatigaine (1991 alsoidentified theGenus
Vandalosphaeridiunand, subsequently, macroscopic aldgeasoteniasp. (redescribed
by Steiner,1994 asVendotaeniasp) and the microfossiSphaerocogregus variabilis
currently synonymous dBavlinella faveolata Possible ichnofossils, new stromatolites,
oncolytes and probably cyanobacteria were described by Fairchild et al. (2000). Marine
macroalgaeEoholynia corumbensiand Tawuia sp. were identifed at the base of the

Guaicurus Formation (Gaucher, 2000; Gaucher et al., 2003), while the agglutinate
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foraminiferaTitanoteca coimbraeccurs in the phosphorites of the Bocaina Formation in
the Serra da Bodoquena locality (Gaucher et al., 2003).

Updateson the trace fossils of the Corumba Group were recently preseynted
Parry et al. (2017and thestratigraphic distribution of ichnofossillultina minima
Uchman, 2001 andidymaulichnus lyelliRouault 1850 at the top of the Tamengo
Formation and the baséthe Guaicurus Formatiomere also presenteld should be noted
thatM. minimawas described from the Hecho Group, Early to Mid Eocene of Spain, and
Didymaulichnus lyellivas restricted to the Ordovician, been described from the Bell Island
and Wabanargups in the locality of Newfoundland, Canada (Fillion, D. & Pickerill,
1990). Another important contribution of this work is the dating of zircon grains from
volcanic ash at the base and top of the Tamengo Formation, allowing to date the beginning
and theend of its deposition (Parry et al., 201Fjgure 1.4).

@ Corumba
Sobramjl Harbour
SESSS.

Bolivia

Amazon Craton

400m

Craton/mobile ( { Formation
belt limit {
~ Corumba

Urucum
Massif

\

A
|_~"Porto
Morrinhos

541851075 Ma
542.372028 Ma

[ Cenozoic sediment and Palaeozoic cover
corumba group

[ Guaicurus formation (pelite)
[ Tamengo formation
(organic limestone and shale)
Bl Bocaina Formation
(stromatolites dolostone) [] Cenozoic sediment and cover

Bl Urucum Formation (Jacadigo Group) Il Araras group {
(arkose) Ml Corumba group o

Bl Granitic gneiss basement [ Itapucumi group
[ Puga Formation/Cuiaba group

Figure 1. 4. Map of localities and stratigraphic column of the Neoproterozoic Corumba Group: a) map of
localities and b) strajraphic column. The dates are from the work of Parry €2@l7). White star indicates
localities with samples collected for geochronology. Black stars locality with ichnofossil: Laginha quarry
(Guaicurus Formation) 19 ° 07 '09.8' 'S, 057 ° 38' 40.4 L&Wario (Tamengo Formation) 19 ° 0 '04.0''S, 57
°36'00.7 " W. The carbon isotope curve was obtained from Laginha quarry (Modified from Parry et al., 2017).
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1.1. SPECIFIC OBJECTIVES

The main scientific question addressidthe present thesis is to ddber
occurrences of species in the studied area and tozentlgir paleoecologic, stratigrafic

distribution in order tainderstandheir significance to paleoenvironmental evolutard
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potencial forapplication on biostratigraphy ftatest Ediacaran arehrliest CambriarnThe

specific objetives are:

V to present a taxonomic studigr the analyzed upper Corumba Group fossil assempblage

V to analyze the stratigraphic distribution of thidiedspecies;

V to develop paleoecological and paleoenvironmental infe¥efor the uppermost
Ediacaran/lowermost Cambrian, Tamengo and Guaicurus formations, Corumba Group

V to propose a chronobiostatigraphic essay for the fossil assemblage of the Tamengo and
Guaicurus formations

V to present lithostratigraphic description fove studied sectionin Porto Sobramil,
Laginha and Corcal quarries, Porto Figueand Ecoparque Cacimba sections;

V to integrate and compare the studied fossil assemblage with those published for other
uppermost Ediacaran sections Raraguay, Uruguay, r8entina, Namibia, China,
Russia, Canada, United States and Oman;

V to popose an international biostratigraphic essdgr the uppermost

Ediacaran/lowermost Cambrian interval

1.1. EDIACARAN PERIOD AND LIFE RECORD

The Ediacaraferiod spans between 635 and 54l million years(International
StratigraphicChart v2018/8). The base of the Ediacaran System is defined as the base of
the Marinoan cap carbonate Nuccaleena Formation in the Enorama Creek section of the
central Flinders Ranges, Adelaide Rift Complex,tBdustralia (Knoll et al., 2006 he
top of Ediacaran (and base of the Cambrian) is intended to coincide with the first
appearance of the trace fosbikeptichnus pedurm southeasNewfoundland (Landing,

1994; Gehling et al., 2001; Darroch et al., 2018)

Since the formalization of this period (Knoll et al., 2004), internal subdivision and
correlation of Ediacaran strata based on biostratigraphy when fossil is present and
additional techniques using climatic and chemostratigrpahic events (e.g., Gaskiers

gl aci at i on ¥CaercdrsioB)has toddsro correlate Ediacaran strata (Xiao et al.,

10
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2016)have been proposefieveral problems regarding taphonomic limitation in Ediacaran
restrain the usage of the first appearance datum (FAD) to define andtestedtigraphic
boundariesTherefore, the uses of FAD foorrelation and comparison for Ediacaran strata
must be carefully examined and tested (Xiao et al., 2016). Recognizing the fossiliferous
challengesdor correlation of Ediacaran strafdarbonne eal. (2012) presented alternative
tools to divide the Ediacaran System into two or three series, although the initial survey of
the Subcommission on Neoproterozoic Stratigraphy in 2009 recommendedsarigg
approach(Figure 1.5) (see Xiao et al., 2016).

Together, the biostratigraphic, chemimatigraphic, lithostratigraphic, and
geochronological datavould enable the proposal of global correlattbroughinkages
with climatic, geochemical, and evolutionary ev&nthis integrative approach offers high
potential to define the Ediacaran Stages (ES) as extensively discussed in Xiao et al. (2016).
Several macrofossils from uppermost Ediacaran strata stand out for their potential as
biostratigraphic markers, which ilicle biomineralizing animal€louding Conotubus

SinotubulitesCorumbellaandNamacalathus

11
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Figure 1. 5. Two models for Ediagan subdivision and correlatioifhe key difference between these two
models relates to how tighuram excursion is correlated with the Gaskiers glaciation. FES: first Ediacaran
stage; SES: second Ediacaran stageS: terminal Ediacaran stagex{racted from Xiao et al2016).

The Ediacara biota (60841Ma) marks the first appearance of large,
architecturally complex organisms in Earth history (Narbone, 2005). A detailed discussion

and analyses of Ediacara bictaster of the diverse fossils and localities that constitute the

12
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Ediacara biota worldwide are presented in Waggoner (2003) and Nagfifits).These
analyses have showhat most or all occurrences of Ediactype fossils can be grouped
into three main clusters or assemblages:

1) TheAvalon Assemblage(Figure 1.6) is the oldest (ca. 57560 Ma; Beng, 1988
Bowring et al, 2003) and occurs only in very deepwater, volcaniclastic settings of the
Avalon Zone of Newfoundland (Misy&969 Anderson & ConwayMorris, 1982 Clapham

et al, 2003 Narbone 2005) and England (Ford 1958, Boynton & Ford 1995néNof the

taxa were skeletonized or cdyba of mobility (Narbone 2005).

Figure 1. 6. Avalon Assemblage on upper bedding surfaces from Newfoundland tig,and Charnwood,
England (b). Scale bar represents 2 cm (aj §) dr 25 cm (c). (a) Currerdligned fronds o€harniodiscus
spindleshaped rangeomorphs (lower and center), and a-Bbapged rangeomorph (upper left), Mistaken Point
Formation. (b) Holotype of the probable rangeomorph fiéhdrnia masoniNew Walk Museuml_eicester
(extracted from Narbone, 2005).

2) TheWhite Sea AssemblagéFigure 1.7) is known from the Vendian sections in

the White Sea in Russia (Fedonkir981, 1992; Sokolov & Iwanowskl990) and the

13
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Ediacara Memeér in Australia (Glaessner & Wad&966, Jenkins1992). The oldest
occurrences are older than 560 Ma and the youngmgbe close to the base@imbrian
(Martin et al, 2000, Grazhdankir2004).Abundant worm burrows can be attributed to the
presence ofnobile bilaterians in the faunbut none of the taxa were skeletonized. Lower
diversity assemblages from mainly offshore and slope deposits in Finnmark (northern
Norway), northwestern Canada, the Urals, and Khatyspy®iberia are plotted as a

subasseniagei n  Wa g g o n e(Nab®ne,&2008)1 y si s

Figure 1.7. White Sea assemblage preserved on bed soles from Austi&idi(g, northern Russia (f g),
and northwestern Canada (j). Scale bar represents I cjnZam (d, fj), or 5 cm (e) (extracted from Narbone
2005).

3) TheNama AssemblagéFigure 1.8) is best known from the Kuibis and Schwarzrand
subgroups of the Nama Group in Namibia (GUritd33 Germs 1972 Narbonne et al.

1997, Grotzinger et a).200Q Grazhdankin & SeilachgR002).This type of assemblage is
14
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of shallowwater origin and has been datesiolder than 54%42 Ma(Grotzinger et aJ.
1995), although similar assemblages occur in both older and deafmrstrat@lsewhere.
The assemblage consists mainly of multifoliate fronds, bilaterian burrowsgagd

calcifying metazoan@Narbone, 2005)

d

Figure 1. 8. Nama Assemblage fossils from Nambia. Scale bar represents 2 cm. (a) Moldolotlype of
Rangeaa rangeomorpfrond. (b)Erniettapreserved as a natural cast.N\@macalathusa weaklycalcifying
Ediacaran metazoan. (d, ®vartpuntiaholotype and reconstruction (extracted from Narbone, 2005).

®

Regarding biological changesHidiacaran Period, until 200the oldest accepted
multicellular fossils were represented by the macrofauna of the Drook Formation
Newfoundland, which appeared about 60Ma after the Marinoan glaciation (635Ma)

(Hoffman, 2009). However, metazoan embryos wdescribed in the Doushantuo

15
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Formation in South Chinas.a 3Maafter the Nantuo glaciation, equivalent to Marinoan
glaciation in Southern China (Chen et al., 2009; Hu et al., 2012). This occurrence in
Doushantou Formation increased the age of the firdt wigich accepted multicellular
metazoafrom 580Ma to about 630Ma. Moreover, diagnostic sponge biomarkers, 24
isopropytcholestangoccur in strata considered to be coeval in the Masirah Bay Formation,
representative of pogflacial Marinoan siliciclastic edlimentation in Oman, also
constituting evidence of presence of multicellular animals in strata related to post

Marinoan glaciation (Hoffman, 2009; Allen & Leather, 8p(Figure 1.9).
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Figure 1. 9. Summary of major changes in ocean chemistry and biotic events through the Neoproterozoic.

Major milestones of evolutionary events: 0, Origin of metazoa from moleculdr 86650 Ma (Dbs Reis et

al., 2015), 1, 8112717 Ma, Phosphate biomindization in microfossils, 15 Mile Group, Yukon, Canada (Figure

la SEM ofCharacodictyon scal e bar (SB)= 2 ¢&m; Cohen et al ., 2011) ;
demospongiae biomarkers (&Bbpropylcholesane), Hugf Supergroup, Omé&; Baseshaped microfossils

(VSM) Cycliocyrillium simplexUrucum Formation, Brazil, 4DMa (Morais et al., 20%, 2019); 4, 635 590

Ma, possibé Cnidarian stergrouplLantianella laevispreserved in black shale of the Lantian Member Il SB

=3 mm (Yuan et al., 2011%, Phosphatized embryos Doushantwue mber s |1 I and ,ISB4 Wengdna sec
200 em ( Xi ao,VSN from Bacgna Forha@idh {Moraes, 2013, 2017); 7, Older evidence trace

fossil caused by the mobility of Bilateria, Tacuari Formation, Uruguay, SB=2.5 mm (>585 + 3.3 Ma) (Pecoits

et al., 2012)8, Mistaken Point biotaFractofusus misraiDrook Formation (>578.8 + 1 Ma), =20 mm (Liu et

al.,, 2015);9, sponge spicules and "Mukements" metazoarCoronacollina acula Ediacara member,

Austrélia SB =~5 mm (equivalent to the White Se@wrndage, (~56650 Ma) (Clites eal.,2012);10, ~558

555 Ma, Motile bilateraliafKimberella quadrataSB=10 mm (Fedonkin et al., 2007; Martin et al., 2000); 1

~550 Ma,Biomineralizingmetazoan reef bielder€loudina(Penny et a).2014), SB=20 g(Bengtson &

Zhao, 1992); 12metazoarCorumbella wernerassembled witiCloudinalucianoi from Tamengo Formation,

Brazil (* indicates ash bad dated from base and top of the Tamengmtim (Parry et al., 2017). 13

Treptichnus pedunvhich marks the Ediacaran/Cambrian boundary in the Global Boundary Stratotype Section

and Point GSSP in Fortunehead, Newfoundland (Wilson et al., 26d2)e modified from Bowyer et al.

(2016)

1.2.UPPERMOST EDIACARAN STRATA IN SOUTH AMERICA
South America han important geological record of Neoproterozoic sedimentary

rocks. The main sections opper andippermost Ediacaran in South Amerara present
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in four countries: Brazil (Corumba Group, Bambui Group, Pajuca Formation and
Camarinha Formation), UruguafArroyo del Soldado Group), Paraguay (ltapucumi

Group); Argentina (Grupo Sierras BayaBjgure 1.10).
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Figure 1.10. Map of Proterozoic to Cambrian geologic units of South Americdiglging the occurrence of
discoidal structures, metazoans, microfossils and other main paleontological comporieRisndoviscana
Basin (AR); Bi Tandilla System, La Providencia Group (AR);i Gtapucumi Group (PY); DO Camaqua
Basin, Santa Barbara afm Jardim groups (BR);iHajai Basin (BR); F Camarinha Basin (BR), G
Bambui Group (BR); H Jaibaras Basin (BR);il Corumba Group (BR); U Araras Group (BR); K Arroyo
del Soldado Group (UY(modified from Inglez et al., 2019)
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1.2.1. CORUMBA GROUP, BRAIL

In South America, the lithostratigraphic interval that best represents the
paleoclimatic, biochemical and biological evolution of the Ealiagperiod is the Corumba
Group in the State of Mato Grosso do Sul, Midwestern Brazil (Boggiani et al., 2010;
Adorno, et al., 2017). The Corumbéa Group rests on the glaeiahe sedimentary rocks
of the Puga Formation, consisting of five formations: Cadiueus, Cerradinho, Bocaina,
Tamengo and Guaicurus. The Cadiueus Formation is represented by conglomerates and
arches deposited in proximal environments. The Cerradinho Formatmmmposed of a
siliciclasic succession tharadually passes to the carbonates of the Bocaina Formation.
The Bocaina Formation consists of a thick package of stromatolytic dolomites teitd la
variations of facies, including occurrences of phosphorites mihe than 34% of s
(Boggiani et al., 1993; Boggiani, 1998). The Tamengo Formation lies above the Bocaina
Formation, represented by black limestones, rich in organic matter whepeuitso
Cloudinalucianoi (Beurlen & Sommer, 1957Corumbella wernerHahn et al., 1982nd
Paraconulariasp. (Van lten et al., 2014, 2016apping all carbonate and siliciclastic
sequence of the Tamengo Formation lies the siltstones and shales of thar@@uai
Formation, marking the end of the deposition of the Corumba Gtapcher et al., 2003
Boggiani et al., 2010Figure 1.11).

In terms of paleoenvironmental conditions, the Tamengo Formation was deposited
in a favorable environment for deposition of carbonates, which was episodically interrupted
by immature siliciclastic supply from very finegrained rocks of a nearby source area. The
Guaicurus Formationpn the other hand, is a result of aninterrupted immiare
siliciclastic supply from a nearby source areamposed of very fingrained rocks
Chemical variations, however, abserved especially in Ma contenthigher in siltstones
from the Guaicurus Formation, implying changes in the source area ercheémistry of
the water. The sediments of the Guaicurus Formation were deposited under a low energy

setting in a high water level, below faueather wave (Fazio et al., 2019).
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Several works have been produeedthe palaeontology of the Corumba Group
(Beurlen & Sommerl957; Fairchild1978; Hahn et gl1982; Walde et gl1982; Zaine &
Fairchild 1985; Zaine 1991; Hidalg®002; Gaucher et al2003; BeckerKerberet al,
2013; Tobias2014;Pacheco, 2012; Leme et al., 2008; Pacheco et al., ¥¢dlteet al,
2015; Adorno et al, 2017;Van Itenet al., 2014, 2016Rarry et al. 2017), also on the
stratigraphy and tectorstructural evolutioriBarbosal1949; Almeidal1964, 1965, 1984;
Alvarenga & Trompette1992; Boggiani & Alvarenga2004; Gaucher etla 2003;
Babinski et al.2008; Boggiani et al2010; Meira 2011; Spangenberget,@®.0 1 4 ;- D6 e |
Rey et al. 2016; Sial et a).2016); and finally on the sedimentological context (Boggiani
et al, 1993; Boggiani1998; Oliveira 2010; Campanha et gl2011; Fontanela2012;

Fazio et al., 2019).
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Figure 1. 11 Stratigraphic scheme of Jacadigo and Corumbé groups with fossil record and the 13C isotopic
curve. Note the strong negative incursion (After Véatdal., 2015).

1.2.2. ARROYO DEL SOLDADO GROUP, URUGUAY

The Arroyo del Soldado Group was defined by Gaucher et al. (1996) being

constituted by 5,000 meters of thickness of platform marine sediments occurring in the

field Nico Pérez, Uruguayl he Arroyo del Soldado Group consist$afr formationsrom

the base to the top: Yerbal Formation, Polanco Formation, Barriga Negra Formation and

Cerro Espuelitas Formatiovierbal Formation, composed of conglomeratesaakdsest
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the base, passing to green siltstones and laminated sitstbribe top, representing a
siliciclastic sequence of ascendidgepeningupward (Gaucher et al., 1998; Gaucher &
Sprechmann, 1999; Gaucher, 2000; Gaucher et al., 2003). The Yerbal Formation is
succeeded by the Polanco Formation, composed of calcitid@athitic rhythmites of

blue to black coloration, with frequent tempestites and rare oolitic calcarenites, marking
the beginning of sedinmation in a carbonaceous ramp.

The west region of the basin corresponds to the shallower portions, in these
localities, the carbonates of the Polanco Formation are capped by conglomerates and
arkosesf the Barriga Negra Formation. The Black Belly Formation gradually passes to
shales and siltstones of the basal portion of the Cerro Espuelitas Formation (Gaucher et al.,
2003). To the east is located the deeper portion of the basin, lodhigy, the Polanco
Formationgives rise directly to the sedimemtsthe Cerro Espuelitas Formation (Gaucher
& Sprechmann, 1999; Gaucher et al., 2000).

Gaucher et al. (2003) pressra first attempt to correlate the Corumbéa and Arroyo
del Soldado groups, presenting the stratigraphic distribution orgfanicwalled
microfossils biomineralized fossils antthnofossilsthat were described in these two
groups There is still a signifiaat difference between the density of paleontological
information of the sections from Brazil and Uruguay, the section of the Corumba Group
has fewer and lesgrecise data with regard to stratigraphistributions of the fossil

occurrencesKigure 1.12).
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Figure 1. 12. Composite stratigraphic columns for the Corumbé and Arroyo del Soldado groups, showing a
correlation between the lithostratigraphic units and the stratigraphic distrilmftiba taxa of palynomorphs,
calcifying metazoarmndichndossil (modifiedfrom Boggiani, 1998; Gaucher, 2000; Gaucher et al., 2003, with
the paleontological updates of Parry et al., 2017).

1.2.3. SIERRAS BAYAS GROUP AND CERRO NEGRO FORMATION,
ARGENTINA
In the Chillar-Olavarria area, the Sierras Bayas Group and the Cerro Negro

Formation represent a sequence of sedimentary rocks composed of lithostratigraphic units
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limited by erosive discordances at the base and at the top (Poiré, 1987, 1993; Ifliguez et al.,
1989; Cingolani & Dalla Salda, 2000; Zalba & Andreis, 2003; Gaucher et al., 2005b).

The Sierras Bayas Group consists of three formations, from the base to the top:
Villa Moénica Formation, Cerro Largo Formation, and finally, the Loma Negra Formation.
Villa MénicaFormationis constitutel of sandstonatthe basend stromatolitic limestones
at the top The Villa Mdnica Formation has thimalled splaeromorph acritechs
microfossils described by Gaucher et al. (200%B8rro LargoFormation constitutes
diamicites and pelisin the base passing to the sandstone in the intermediate portion and
by pelite at the top The microfossiliferous record of Cerro Largo Formation consists of
sphaeromorphic acritarchs described by Pothe de Baldis et al. (1983) and upgtated
Gaucher et al. (2005HMjnally, the Loma Negra Formation closes the depositional cycle of
the Sierras Bayas Group, being constituted by organic matter rich limestone and levels of
concentration of sedimentary phosphate whmssibleCloudina lucianoi also occurs
previous classified a€loudina riemkeady Gaucher et al. (2005bYhe Sierras Bayas
Group is capped by pelite, marls and layers with heterolytic stratification. The Cerro Negro
Formation has acritarch microfossils described by Cingolahi@291). The stratigraphic
distribution of the fossils present in the Sierras Bayas Group is presented by Gaucher et al.

(2005b) Figure 1.13).
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1.2.4.

ITAPUCUMI GOUP, PARAGUAY

The Itapucumi Group, northern Paraguay, has recentlgiviext considerable

attention due to the occurrence of its remarkable upperBdisicaranskeletal fossil

assemblage in carbonates of the Tagatiya Guazu Formation (Warren et al., 2011; 2012;

2013; 2019). The Itapucumi Group crops out in the Rio Apa Blamigllel to the course

of the Paraguay River. This group consists of three formations from the base to the top:

Vallemi Formation, consisting of sandstones and siltstahes gradually pasdgo

limestones and dolomites of the Camba Jhopo Formatiminaing in pelitesand

dolomites of the Cerro Curuzu Formation. The Tagatiya Guazu Formation is considered

the cratonic lateral equivalent of the Camba Jhopo Formation, which is in the Vallemi fold

belt (Warren, et al., 2011; 2012; 201B)dure 1.14).

Figure 1.14. Lithostratigraphic sections of the Itapucumi Group, Ediacarano, Northeast of Paraguay (modified

from Warrem et al., 2011).
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The Itapucumi Group has special relevance becausatiias fossil assemblages
shared with those of the Corumb& Groomgking studies of biostratigraphic correlation
between the sections of Brazil and Paraguay possilie stratigraphic distribution of
Cloudinalucianoi and Corumbella wernerin the Itapuami Group presented by Warren
et al. (2011; 2019)asused to extend the biozones proposed from the Tamengo Formation
to the sections of Paraguay (Adoérno et al., 2017). For rdetail, see the chapter on

biostratigraphy

1.2.5. SETE LAGOAS FORMATION, BAMBUI GR@P

The Bambui Group is a nortouth trending basin that covers hundreds of
thousands of square kilometers in the states of Minas Gerais, Bahia, Goias and Tocantins
in eastcentral Brazil. The lithostratigraphic column most diffused in the literature was
proposed by Dardenne (1978), in which the Bambui Group is divided from tbenhatt
into the five formationsoverlying rocks of thélacaubas Group and Jequitai Formation
and the Carrancas conglomerate, units supposedly deposited during Sturtian glddiatio
Bambui Group is 70@000 m thick (Misi et al., 2007) and comprises: 1) Sete Lagoas
Formation, composed of dolomites, limestone and pellets with well preserved
stromatolites; 2) Serra de Santa Helena Formation, formed by shales, siltstones and
secondrily sandstones; 3) Lagoa do Jacaré Formation by siltstones, marl and black
limestones; 4) Serra da Saudade Formation, which includes green shales, pelites, siltstones
and limestone lenses; 5) Trés Marias Formation, which occupies the top of succession
comprising siltstones and arcuate deposited in environments alluvial to shallow marine
(Figure 1.15). These five units make up two cycles of carbonic sedimentatimird,

2007; Warren et al., 2014; Patantos etlg 2017).
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The age of the Bambui Group is under debate since the investigat®ambui
Group has starte@®everal attempts of direct dating of the rocks of the Bambui Grpup
the PbPb and UPb methodsvere not successful. RPbP*®Pb isotironous 686 + 69 Ma
was obtained by Babinski et al. (1999) in the Sete Lagoas Formatienpresence of
Conophyton sp, silicified microbial mats, rare fossilized algal phytolites and
microphytolites, and other loAginging microfossils, such as coccoiddafilamentous
cyanobacteria (Fairchild et al., 1996), do not contribute to accurate age determination
(NobreLopes& Coimbra, 2000; Warren et al., 2014). Almost all radiometric ages on
Bambui Group and their considered lateral equivalents, fall iratige of 700 to 450 Ma
(see Trompete, 1994). The apparent absence of key index fossils has led to several attempts
to determine the age of Bambui Group and related units based on geochronologic and

isotopic methods (Misi et al., 2007; Babinski et al., 20G7% currently been suggested
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thatthe Bambui Group ientirely Neoproterozoic in age, ranging from the late Tonian to
the early Ediacaran.

The description o€loudinasp.andCorumbellasp.in the Sete Lagoas Formation
in Januaria regiomdicates anen younger age for tHease of Bambui Group, possible
latest Ediacaran (Warren et al., 2014, P<84datos et al., 2015, 201PerrellaJunior et al.,
2017; Uhlein et al., 2017; Caixito et al., 2018). In addition, new dates of detrital zircon
suggest a mamum age of deposition of the Sete Lagoas Formation around 557 Ma-(Paul
Santos et al., 20)5However, allCloudinaspecimens illustrations published so far, are
not clear, and the taxonomy is always opeaking it difficult for additional interpretatien
based on this important finding

Denezine (2018performed a detailed study aanuaria region focused on the
organiecwalled microfossil assemblage. The Sete Lagoas Formation in the Santa Luzia
quarry at Januariavas fitted into theLeiosphaeridia jacuta - Leiosphaeridia crassa
Assemblage Zond.eiosphaeridia jacutica Leiosphaeridia crass&ssemblage Zone is
characterized by the appearancelefosphaeridia jacuticaogether with three other
specied.eiosphaeridia crassa, Leiosphaeridia minutissaneLeiosphaeridia tenuissima
The top of this biostratigraphic unit has been attributed toBdihicaran, ~ 580 Ma, and
marked with the impact of Acraman (Denezine, 2018). The base of this zone has been
tentatively positioned in 587 Ma (Gray, 2005). Coasiioly the issue regarding thge of
Bambui Groupthis group was not included in the comparation for evading the purpose of

the present research.
1.3.UPPERMOST EDIACARAN STRATA IN AFRICA

Sections of the African continehiave their paleontological conteimtensively
studied, since Germs (1972) describ&budina hartmanae (currently considered
synonym ofCloudinalucianoi) andCloudinariemkeaefrom the limestones of the Nama

Group. Three lithostratigraphic units are the most important for the study d§ foktie
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uppermost Ediacaran of Africa: The Cango Caves Group and the Port Nolloth in South
Africa and Nama Group in Namibia (Gaucher et al., 2005a).

The Port Nolloth Group is represented by three depositional megasequenees (M1
M3) (Frimmelet al, 2002) The Stinkfontein Subgroup represents the sequence M1, with
deposition in alluvial fans in continental rift. The Kaigas Formation occurs along faults that
limit the Gariep basin, being represented by discontinuous glacial diamictite lenses
interspersed wih arches and graviac where olistostromes develop. Based on the negative
c ur v ¥ and lbw rdtios of’SrfeSr, besides the similarity with other sequences of the
Neoproterozoic, this glacial event is correlated with theaI&turtian glaciatiorHrimmel
et al, 2009).

The Pickelhaube Formation is represented by succession of postglacial carbonates
interspersed with pellets, loams and sandstones representing the second megasequence M2.
The Dabie River Formation represents areas that escaped freibneamd allowed the
precipitation of carbonates in the form of stromatolytic bioconstructions and also in the
form of oolitic calcarenite. The Numees Formation is located stratigraphically at the top of
the M2 megasequence, where sea level fall is obdetve to the advance of the glacial
event, represented by the deposition of massive packages of diamytites.

The Numees Formation is capped by a thick sequence of carbonate Bloeddrif
Member, Holgat Formation that represents the third megasequence M3atelbn
columnarstromatolites of about 2 to 5 cm in diametecur in Bloeddrif Member. The
upper part of the Holgat Formation consists of sandstone, arcoseum and siltstone. Above
the three megasequences lies the Nama Group, representing the depositbaliova
water foraland system whose deposition of the basal portion started around 550Ma,
followed by the deposition of molybdenum siliciclastic sediments from the upper portion
deposited in 540Ma. In the central and southern pakaohibia,the Nama Grop rests
discordantly on the crystalline basemaetstpasal portion is representiegla succession of

siliciclastic and carbonate rocks with occurrences of skdietalls ofCloudinalucianoi
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and other fossils with calcareous skeletons, as wethafossils and palynomorphs in

the Kuibis Formation (Germs, 1995, Gaucher et al., 2005a). The upper portion of the Nama
Group is represented by the Schwarzrand Subgroup which contairishtigossil
Phycodes pedum ar@loudinaas well as palynomorphs (Germi®83; Germs & Gresse,

1991, Gaucher et al., 2005&Figure 1.16).
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Diamictite

1.4 UPPERMOST EDIACARAN STRATA IN CHINA

The Doushantuo Fmation (635551 Ma) in southern China is one of the most
heavily studied Ediacaran lithostratigraphic units in the World, with recordings of
exceptionally well preserved fossils (Yuan et al., 2002; Chen, 2005, Jiang et al., 2011).
There are several loctaéis where it is possible to access Ediacaran sections along the

Yangtze platform, the most wethown locality is the area called Gorges area in southern
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China which represents one of the most important locations for studying successions of
Ediacaran.

The investigation of the Ediacaran sections of China began with the works of Lee
(1924) who developed research at the Yangtze Gorges area, later chosen as the standard
locality for the Sinian System. [002,the Sinian System was redefined to include only
the Doushantuo and Dengying formatio@$ifia Commission on Stratigrapt8002). The
lower limit of the Sinian System is positioned at the base of the carbonate layer, in contact
with the top of the diamictite of the Nantuo Formation (local representdtitie Marinoan
glaciation), the top of this system was defined by the appearance of the first association of
small shelly fossil of the Cambrian, namelgnabarites trisulcatu$’rotohertzina
anabaricathat appears in the Yanjiahe formation that also destather groups admall
shelly fossil such as theicrofossils AsteridiumComasphaeridiurideliosphaeridium
(Chen, 1984; Steiner et al., 2007; Dong et al., 2009; Jiang et al., 2012). Radiometric dates
U/Pb in ash beds interspersed at the base of the Dgngprmation allow to position
geochronologicallythe deposition of this formatidretween 551 Ma and 541 Nidondon
et al., 2005; Chen et al, 2014).

The Dengying Formation liesbovethe Doushantuo Formatigibeing constituted
at the basdéy the Hamajig, Shibantan, and Baimatmeembersand their equivalent in
other areas in China. The Hamajing Member consists of dolomites deposited in a tidal
environment, with features of karsification; Shibantsmberconsists of black limestone
and dark ash and bininous, deposited in a marine environment; and the Baimatuo
Member is made up of clear and massive dolomite deposited in a tidal environment.
Ichnofossils have bearcordedn the Shibantan Member (Zhao et al., 1988; Weber et al.,
2007),as well as macraspic fossils similar to those of Ediacaf@aracharniasp.(Sun,
1986)andYangtziramulusp. (Xiao et al., 2005; Shen et al., 20G8)d themacroscopic

algaeVendotaeniantiqua(Zhao et al., 1988Shen et al., 20Q9Figure 1.17).
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Figure 1. 17. Stratigraphic column for the Doushantuo and Dengying formations, showing the main
associations of fossils and radiometric dating available (from Chen et al., 2013).

Sinotubulitesspecies ha been recorded in the lower portion of the Baimatuo
Member of the Dengying Formation, Southern China (Zhao et al., 1988). In the Shaanxi
region of southern China, strata equivalent to that of the Shibantan and Baimatuo members
of the Dengying Formation s contains tubular fossils suchStsaanxilithesConotubus
Gaojiashania SinotubulitesandCloudina(Grant, 1990; Hua et al., 2003, 2005; Chen et

al, 2008;. Cortijo et al, 2009; Cai et al, 201012, 2012; Meyer et al, 2012).
1.5.UPPERMOST EDIACARAN STRAR IN THE USA

In the southwestern Great Basin, the Ediac&ambrian boundary occurs within
a 1 kmthick, northwestwardhickening siliciclastiedominated succession of miogeoclinal
sediments (Prave et al., 1991) that records the development of a paasgie along

southwestern Laurentia (Stewart, 1982). In this region, the Stirling Quartzite is divided into
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five informal members (A through E) and the Wood Canyon Formation is divided into
lower, middle, and upper members (Stewart, 1970, Hagadorn & Waig@i®o; Smith et

al., 2017). The upper Stirling is a medium to coarse quartz arenite that interfingers with,
and is conformably overlain by, the lower member of the Wood Canyon Formation (Wertz,
1982). The lower and middle members of the Wood Canyon d&wmmrecord a shallow
marinecontinental braidplain transition (Diehl, 1979; FefloCooper, 1990; Fedé&

Prave, 1991), with the lower member recording a highstand systems tract consisting of
three carbonateapped parasequences (Prave et al., 1991; Hskbdyt al, 1994;
Runnegar et al., 1995).

Smith et al. (2017argued that Ediacardossils from the southwestern Great Basin
may help constrain regional uppermost Ediac&ambrian biostratigraphy and provide
biogeographic links between facies in thegion and elsewhere. For these authors, the
presence of trace fossils suggest the Uppermost EdiaCarabrianboundary which
occurs within or belowthe upper third of the lower member of the Wood Canyon
Formation. Ediacaran sefiodied and tubular fossjlancluding the frondlike fossil
Swartpuntiaand tubular, mineralized or agglutinated fossils similaAtohaeichnium
Cloudina Corumbella andOnuphionellaoccur in the lowermost Wood Canyon Formation
(Figure 1.18). These fossils occur directly below Lower Cambrian trace fossils, including
Treptichnus pedupand confirm the persistence of the Ediacaran Iioe to the base of
the CambrianThese faunas may also help strengthen previously proposed correlation
schemes between the two main facies belts of the southwestern Great Basin (the Death
Valley and Whitelnyo facies), because a nearly identical Uppermost Ediatawarst

Cambrian succession of faunas occurs in both regions.
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Cambrian boundary. (c) Composite detailed measured section of fossiliferous latest Ediacaran strata of the
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1.6.UPPERMOST EDIACARAN STRATA IN CANADA

The uppermost Ediacaran strata in Canada is represented by biostromes and
biohermswhich are present in platform margiarbonates in the uppermost parttioé
Byng Formation, Miette Group, British Columbia. The Byng carbonate platform is exposed
in several thrust sheets in the Mount Rob&vavincial Park region (Mountjoy, 1980,
Hofmann & Mountjoy, 200}l This platform is overlain abruptly by quarizh samstones
of the McNaughton Formation (Gog Group), traditionally assigned to the Cambrian
(Mountjoy, 1962; Frit& Mountjoy, 1975; Hofmann & Mountjoy, 2001figure 1.19).

The most common fossil types are the tubuf@ioudina lucianoi and
Namacalathus hermanasteBhe biostromal platform carbonate overlies a tisieguence
of siliciclastics that carries miscellanedwexdding parallel traces and burrqwarticularly

Planolites and Helminthoidichnites and Ediacaran xa such as Aspidella and, rarely,
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Bradgatia (Hofman@& Mountjoy, 1998). The Ediacaran biota is also present in correlative

siliciclastics to the southeast (Hofmann et al., 1985, 198imann & Mountjoy, 2001).
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Figure 1.19. Location ofNamacalathus©iermanaste&rotzinger et al., 2000Cloudinalucianoi (Beurlen &
Sommer, 1957passemblage in Miette Group, Salient Mountain area, British Columbia. A: Index map and
general geologic map, updated from Mountjoy (1980). B: Genedafiratigraphic sectiorektracted from
Hofmann & Mountjoy, 2001).

1.7.UPPERMOST EDIACARAN STRATA IN OMAN

Several sedimentary basins within the interior of Oman were developed on
crystalline basement (ca. 800 Ma) and filled with unmetamorphosed strata of the

Neoproterozoic to Cambrian Hugf Supergroup (MaftegsonwayMorris, 1990; Burns
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Matter, 1993; Brasier et al., 1999, Amthor et al., 2003). The Hugf Supergroup comprises
synrift volcanic, siliciclastic, and glacimarine rocks (Ghadir Manquil Formation),
siliciclastic and carbonate rocks (Masirah Bay and Shuram Formations), carbonates
(Khufai and Buah Formations), and a thick carbomatgporite unit (Ara Group) (Amthor

et al., 2003).

The record of early animal evolution from Oman includes biomarkeepwgéalfor
eukaryotic sponges (Demospongiae) from the Abu Mahara Group onwards as well as
abundant bacteria and chlorophyte microalgae primary producers (Bergmann, 2013). The
Ara Group includes botlCloudina lucianoi and Namacalathus hermanastesarly
calcifying organisms (Amthor et al., 200Fjigure 1.20). However, unlike most other late
Precambrian records, the Hugf Supergroup does not contain abundant macroscopic
Ediacaran fauna. Instead, the Nafun and Ara Groupsdaminated by microbialy
influenced carbonates including a variety of stromatolite morphologies, crinkly laminite

and thrombolite facies (Bergmann, 2013).
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1.8.UPPERMOST EDIACARAN STRATA IN SIBERIA

It was selected from the Eastern Tomsk region in SipRuasia for comparison,
based on information from the Borehole BH VosBK he comparation between Corumba
sedions and Eastern Tomsk section was possible because of the availability of the fossil
distribution presented by Kontorovich et al. (2009) from the studied borehole.

The uppermost Ediacaran strata in Eastern Tomsk region are represented by
deposits interepted in the Borehole called Vost8klt is subdivided into three formations:
the Poiga, Kotodzha, and Raiga formations (Kontorovich et al., 2009). The Poiga
Formation is composed of gray, irregularly recrystallized dolomites in places with well
preservedsigns of the noncolumnar, dolarenitic, dolosiltitic, and pelitomorphic textures,
which characterize the belt of stromatolithic biostromes under conditions of a relatively
stable shelf. Overlying deposits of the Kotodzha Formation are represented by gray
dolomites (dolarenites recrystallized to different extents, slightly recrystallized
pelitomorphic dolomites, noncolumnar stromatolites, and microbiolites), which are
interpreted as facies of a carbonate ramp. The Raiga Formation terminating the section of
Ediacaran deposits is made of four progressive cyclites from 40 to 130 m thick, each being
composed of alternating clastic limestones, micaceous sandstones, siltstones, and
mudstones in the lower part, as well as by-fitestic limestones in the upper péste
Kontorovich et al., 2009).

The latest Ediacaran age of the selected Siberia area was established by the
occurrence of microbiolitelkorilophytonin the lower part of the Poiga Formation, which
are regarded as typical for deposits of late Ediacagan Deposits of the Kotodzha and
Raiga formations comprise a typical latest Ediacaran assemblage with tubular (as nested
funnelswithin-funnels) calcitic skeletal fossilSloudinalucianoi, gobletshaped weakly
mineralized skeletal fossilfNamacalathus henanastes straight and bent tubular
agglutinated skeletal fossiRlatysolenitesand Spirosolenitesand carbonaceous fossils

Vendotaeniaand sponge spicules (Kontorovich et al., 206%)re 1.21).
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CHAPTERT 2: LOCATION AND ACCESSROADSTO THE STUDY SECTIONS IN

BRAZIL

The studied outcrops of Corumba Group are located in the municipalities of
Corumba, and Ladario Mato Grosso do Sul State, near the border with Bolivia in
Midwestern Brazil. Thexccess to Corumbidom Brasiliais by thefederal pad BR060
passing through municipalities @oiania, capital ofGoias State and thenthrough
municipalities ofRio Verde Jataiand CampoGrande the caital of the Mato Grosso do
Sul State From Campo Grande, it goessvenfederalroad BR262, passing through the
municipalities of AquidauanaMiranda and then Corumb& making a total of about 1500
km from Brasilia.

The access to the outcrops of tharto Sobramil,Porto FigueirasEcoparquela
Cacimba and Corcal quargre within the urban zone of Corumba. The section of the
Laginha quarry is remote and can be accessed following the south $tatihneoadVS-

228 about 10 kilometers fro@orumba (

Figure 2.1).
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CHAPTERT 3: METHODOLOGY

Several fieldworks were carried out in the Corumba region, Mato Grosso do Sul

State During the fieldworklithostratgraphic logswere made with positioning of the

collected rock samples, always as possible observing the systematic methodology, with

regular spacing between each collected sample whenever possible. The studied locations
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of the Tamengo Formation, Corumb&o@p include the outcrops €iffe main localities:
Ecoparqueda Cacimba, Corcal quarry, Laginha quarry, Sobramil quamg Porto
Figueiras sectian

A total of 544 rock samples were collected from the Corumba Group, with a focus
on the Tamengo and Guaicariormations material. From the total, 389 samples are from
the Tamengo Formation and 155 from the Guaicurus Formation. All samples, specimens
and slides were housed in the collection of the UnB micropaleontology laboratory-on MP
prefix, with each organimaceration extract, screening residue, and palynological slides
also carrying the MPnumber of the respective sample of origin and BBt represents
the internal number of the research collection of the Museum of Geosciences at UnB.

The record of all racrophossiliferous occurrences was indicated in the
lithostratigraphidogs and includ€loudinalucianoi, Corumbella wernerin the Tamengo
Formation andchnofossilsand carbonaceous impressions of macroalgae in the Tamengo
and Guaicurus formations. Thecropaleontological records mainly include palinomorphs
acritarchs that will also have thgmositioning laterrecordedin eachlog madein the
fieldworks

Three modalities of sample preparation were employed aiming at the fossiliferous
recovery: 1. Invaebrates, 2. Mineralized microfossils and, 3. Orgavatled microfossils
maceration (palynomorphs). As for the study of the occurrence of invertebrates such as
Corumbella wernerandCloudinalucianoi, as well aschndossils and macroscopic algae,
the gudy initially consists of the description and direct analysis from rock using
stereoscopic microscopiar thepreparation of polished sections atddy ofthin sections,
stereoscopic microscomnd petrographic microscopeere usedand in specificcass,
scanning electron microscopy (SEMas used

The micropaleontological preparation was used with the objective of recovering
mineralized microfossils besides fragments of invertebrates, sponge spicules, and remains

of cyanobacteria or even protistsgkaetically mineralized, through battery of sieves. The
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methodologyemployed follows the one proposed by Darmo et al. (2011ywhich aims

at the recoverypf mineralized skeletons and mineralized particles from the disintegration
of the sedimentary rocksasples and washing them in sieves. After mechanical
disaggregation, the sample is left in a beaker of 2 L for 48 h with water, then the sample is
washed in sieves (630, 250, 160,50and 10 um opening sizef~igure 3.1). The
granul ometric fractions s maapgdropriate cohtaner 10
together with the other fractions, to tseéed in a kiln at 60 °C and also to be examined in

a stereoscopic microscope for the screening of microfossils and sebseémaging in

SEM.

Figure 3. 1. Micropaleontological preparation flowchart (Do Carmo et al., 2011).

For the chemical preparation and concentration of the particulate organic
components (palynomorphs)the methodology deveped in the Laboratory of
Micropaleontology of UnB was useflhemethodology involves attacking the samgtas
2 h with 37% hydrochloric acid’he samples were neutralizadd then treated with 47%
hydrofluoric acid for 12 hourg\gain the samples were uiealized by distilled water until
the pH reaches. A further 10% hydrochloric acid digestion can be applied for fluorite
consumption and finishing the preparation with neutralization step in distilled water.
Finally, the organic material is allowed toat in the bottom (one day standby) and then
stored in its own pots ready to make the slides. For the assembly of the permanent
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