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RESUMO

O Paleolago Cemitério, formado sobre um domo magmatico carbonatitico do
Cretaceo Superior, em Cataldao, GO, compreende um depdsito lacustre espesso,
datado entre 51.780 + 400 '*C anos AP e 27.500 + 4.000 anos AP, e rico em fésseis,
particularmente de esponjas de agua doce. A presenca inédita de camadas de
espongilitos e diatomitos no mesmo depdsito, bem como de estruturas inteiramente
preservadas, gémulas e porcoes do esqueleto das esponjas, permitiu a proposicao
da presente tese, que teve como objetivo identificar as condicbes ambientais que
poderiam ter favorecido essa singular produgcdo e preservacdo de esponjas. Por
conseguinte, investigou-se também a atual Lagoa Serra Negra, em Patrocinio, MG,
formada sobre um domo carbonatitico similar aquele do paleolago e sujeita ao
regime climatico do Bioma Cerrado. As gémulas e fibras do reticulo esqueletal das
esponjas integralmente preservadas nos sedimentos do Paleolago Cemitério, bem
como fragmentos de espongilito e diatomito, foram fixadas em suportes e analisadas
ao MEV. A analise taxonémica das espiculas nos sedimentos amostrados em todas
as facies do paleolago, bem como nas 10 amostras de sedimentos da Lagoa Serra
Negra, foi feita sobre laminas permanentes obtidas apds preparagdes laboratoriais
destinadas a avaliacdo ao microscépio Optico. Analises sedimentologicas
(granulometria e matéria organica) também foram realizadas em amostras de todos
os sedimentos recuperados do paleolago e em duas amostras de sedimentos da
Lagoa Serra Negra. A agua da lagoa foi analisada para as principais caracteristicas
fisicas e quimicas. A analise taxondmica das espiculas nos sedimentos da Lagoa
Serra Negra indicou a contribuicdo das mesmas cinco espécies de esponjas que
formaram largos depdsitos em areas vizinhas incluindo os do Paleolago Cemitério,
Dosilia pydanieli Volkmer-Ribeiro (1992), Metania spinata (Carter, 1881),
Trochospongilla variabilis Bonetto & Ezcurra de Drago (1973), Radiospongilla
amazonensis Volkmer-Ribeiro & Maciel (1983) e Heterorotula fistula VVolkmer-Ribeiro
& Motta (1995). As analises dos sedimentos da lagoa também revelaram um
depdsito biosilicoso conspicuo, com destaque para as espiculas de esponjas, 0 que
permitiu uma comparagdo com o depdsito do Paleolago Cemitério. A integracéo de
todos os resultados permitiu propor uma interpretagdo para a evolucao do Paleolago
Cemitério. Assim, cinco fases de mudangas ambientais foram identificadas no
depdsito do paleolago, que correspondem a instalacéo (fase lética e erosiva), ao
estabelecimento e desenvolvimento do lago, e a colmatacdo do lago, essa ultima
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correlacionada ao Ultimo Maximo Glacial (UMG). Com base nos requisitos
ecoldgicos das espécies de esponjas identificadas no depoésito foi, além disso,
possivel inferir os padrdées climaticos relacionados com as respectivas fases do
paleolago. A presenca inédita da espécie de esponjas Corvoheteromeyenia australis
no Paleolago Cemitério, atualmente registrada apenas no sul da América do Sul,
indicou que incursdes polares originarias da Antartida foram frequentes durante o
ultimo periodo glacial, e podem ter desempenhado um papel notavel no Brasil
central. No entanto, por um curto periodo de tempo, condi¢des climaticas mais secas
e quentes podem ter predominado, como sugerido pela presenca de Corvomeyenia
thumi. Nao resta duvida que o paleoclima favoreceu o processo carstico no domo de
Cataldo | que levou a formacado da bacia do paleolago, onde as condi¢des
ambientais favoreceram a existéncia de uma particular comunidade de esponjas,
hoje tipicas de lagoas do Bioma Cerrado. Profundidade, fluxo e residéncia de agua
na bacia, bem como disponibilidade de substrato e concentracdo de silica, essa
ultima favorecida pelas rochas-fonte circundantes, foram condigdes ambientais

chave para a formacao dos depdsitos biosilicosos no Paleolago Cemitério.

Palavras chave: Esponjas de agua doce; Paleoambiente lacustre; Paleoclima; Brasil
Central; Pleistoceno Tardio.



ABSTRACT

The Cemitério Palaeolake, formed in a Late Cretaceous magmatic carbonatitic
dome in Cataldao, GO, comprises a thick lacustrine deposit, dated between 51,780 +
400 C years BP and 27,500 + 4,000 years BP, and rich in fossils, particulary
freshwater sponges. The unprecedented presence of spongillite and diatomite layers
in the same deposit, as well as the entire structures of gemmules and skeleton
strutures of the sponges, allowed the proposition of the present thesis, which aimed
to identify the environmental conditions that could have favored this singular
production and preservation of sponges. Accordingly, the actual Serra Negra Lake, in
Patrocinio, MG, was also investigated once it was formed on a carbonatite dome,
similar and close to that of the Paleolake and subjected to the climate regime of the
Cerrado biome. The fully preserved gemmules and fibres of the skeletal reticulum of
sponges from the Cemitério Paleolake sediments, as well as the fragments of its
spongillites and diatomites, were fixed on stubbs and analysed using SEM. The
taxonomic analysis of spicules in the sediments sampled from all the facies of the
paleolake as well as in 10 sediment samples from the Serra Negra Lake was
conducted on permanent slides obtained after laboratorial preparations designed for
evaluation under optical microscope. Sedimentological analyses (granulometry and
organic matter) were also performed using all the sediment samples recovered from
the paleolake and two sediment samples obtained from the Serra Negra Lake. The
lake water was analysed for the main physical and chemical characteristics. The
taxonomic analysis of spicules in the sediments of the Serra Negra Lake indicated
the contribution of the same five sponge species, which formed large deposits in the
neighbouring areas including those of the Cemitério Paleolake, Dosilia pydanieli
Volkmer-Ribeiro (1992), Metania spinata (Carter, 1881), Trochospongilla variabilis
Bonetto & Ezcurra de Drago (1973), Radiospongilla amazonensis Volkmer-Ribeiro &
Maciel (1983) and Heterorotula fistula Volkmer-Ribeiro & Motta (1995). The analyses
of current sediments of the lake also revealed a conspicuous biosilicious deposit,
highlighting the sponge spicules, which allowed a comparison with the Cemitério
Paleolake deposit. All these results led us to propose an interpretation of the
evolution of the Cemitério Paleolake. Therefore, five phases of environmental
changes were identified in the paleolake deposit, corresponding to the installation
(lotic and erosion phase), establishment and development of the lake, and
colmatation of the lake, with the latter correlating to the Last Glacial Maximum (LGM).



4

Moreover, on the basis of the ecological requirements of the sponge species
identified in the deposit, it was possible to infer the probable weather patterns related
to the respective phases of the lake. The unprecedented presence of the sponge
species Corvoheteromeyenia australis in the Cemitério Paleolake, which is presently
recorded only in southern South America, indicated that polar incursions originating
from the Antarctic were frequent during the last glacial period and may have played a
notable role in what is now the central Brazil. However, for a short time, drier and
hotter weather conditions may have predominated, as suggested by the presence of
Corvomeyenia thumi. There is no doubt that the paleoclim favored the karstic
process in the dome of Cataldo I, which led to the formation of the paleolake basin,
where environmental condictions favored the existence of a particular sponges
community, currently typical of the lakes of the Cerrado Biome. Depth, flow and water
residence in the basin as well as the availability of substrate and silica
concentrations, with the latter favored by the surrounding source rocks, were the key
environmental conditions for the formation of biosiliceous deposit in the Cemitério

Paleolake.

Keywords: Freshwater sponges, lacustrine paleoenvironment, Paleoclim, Central

Brazil, Late Pleistocene.
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Sobre a Estrutura desta Tese:

Esta tese de Doutorado esta estruturada em torno dos artigos publicados em
periddicos. Consequentemente, sua organizagdo compreende as seguintes partes

principais:

a) Parte | (Aspectos introdutérios e Analise integrativa dos resultados): Aborda
(i) o estado de arte do tema desta tese, na forma de revisao bibliografica referente
ao escopo principal do trabalho, (ii) as justificativas e (iii) os objetivos da tese. Além
disso, apresenta (iv) os métodos utilizados, (v) os resultados e (vi) uma sintese das

contribuices propostas.

b) Parte Il (Corpo principal da tese): Compreende os trés artigos publicados
ou submetidos a periddicos com corpo editorial, elaborados pela autora em

contribuicdo com os orientadores durante o desenvolvimento da tese.

c) Parte lll (Anexos): Compreendem (i) um artigo anteriormente publicado em
periddico, (ii) quatro resumos/resumos expandidos publicados em congressos, e (iii)
carta de submissao do artigo ainda nao publicado, cujos conteludos sao pertinentes

ao assunto desta tese.
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1. INTRODUCAO

Reconstrugbes paleoambientais e paleoclimaticas do Pleistoceno tardio,
particularmente no Brasil central, foram propostas com base em andlises dos
espectros polinicos obtidos da extracdo de esporomorfos e microalgas em
sedimentos lacustres (DE OLIVEIRA, 1992; LEDRU et al, 1996; FERRAZ-
VICENTINI & SALGADO-LABOURIAU, 1996; SALGADO-LABOURIAU et al., 1997;
BEHLING & LICHTE, 1997; BARBERI et al, 2000; BEHLING, 2002; LEDRU et al.,
2005). Contudo, diversos registros produzidos em ambientes Iénticos do Quaternario
tém reportado o0 uso de espiculas de esponjas como uma boa ferramenta
diagnéstica em paleointerpretacées (MOURA, 1958; RACEK, 1974; HARRISON et
al., 1979; HARRISON & WARNER, 1986; STUBBLEFIELD, 2012). Nesse sentido,
diversos estudos foram produzidos na América do Sul (CORDEIRO et al., 1997;
TURCQ et al., 1998; SIFEDDINE et al., 2001; VOLKMER-RIBEIRO et al., 2007;
PAROLIN et al., 2008).

Espongilitos e diatomitos sdo testemunhos de que condigbes ambientais
singulares podem maximizar a produg¢do de organismos aquaticos e gerar grandes
depdsitos de rochas organdgenas. Essas sdo formadas por estruturas de silica
opala advindas, no caso dos espongilitos, de espiculas de esponjas (HARRISON et
al., 1979; VOLKMER-RIBEIRO & MOTTA, 1995), e nos diatomitos, das frustulas de
diatomaceas (MOREIRA, 1975; HARWOOQOD, 2010). O estudo desses depositos,
particularmente em ambientes lacustres, ainda é raro, mas tem apontado
caracteristicas peculiares e preferenciais para o0 desenvolvimento desses
organismos, pertinentes aos contextos geomorfolégicos (MOYLE & DOLLEY, 2003;
PISERA & SAEZ, 2003; MOTTA et al., 1986; SOUZA et al., 1988; VOLKMER-
RIBEIRO et al, 1998a; ALMEIDA et al., 2009), paleoambientais (VOLKMER-
RIBEIRO & MOTTA, 1995; VOLKMER-RIBEIRO et al., 1998b; MOYLE & DOLLEY,
2003; ALMEIDA et al, 2009), paleoclimaticos (VOLKMER-RIBEIRO & MOTTA,
1995; SOUZA et al., 2007; ALMEIDA et al., 2009) e, em relagdo aos diatomitos, até
orbitais (HILGEN & KRIJGSMAN, 1999). Entretanto, até o momento, depédsitos de
diatomitos e espongilitos ainda ndo haviam sido registrados num mesmo depdsito
sedimentar.

Por outro lado, a descricao de estruturas inteiras de esponjas de agua doce
preservadas em rochas sedimentares € também rara na literatura, e seu estudo tem

carater taxondmico, tafonémico e de abordagem paleoambiental (HARRISON &
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WARNER, 1986; VOLKMER-RIBEIRO & REITNER, 1991; DUNAGAN, 1999;
MATSUOKA & MASUDA, 2000; PISERA & SAEZ, 2003). SCHINDLER et al. (2008)
apresentaram o registro mais antigo de esponjas de agua doce em trés depdsitos
datados do Paleozoéico, intervalo Permo-Carbonifero, na Bacia Saar-Nahe, regiao
sudoeste da Alemanha. No entanto, os autores descreveram 0 que seria um
espongilito, formado entdo por espiculas soltas. O registro de fésseis para o
Mesozoico é restrito a trés ocorréncias (YOUNG, 1878; DUNAGAN, 1999), mas
apenas um descreve e ilustra estruturas inteiras, no caso gémulas e od6citos
(VOLKMER-RIBEIRO & REITNER, 1991). Para o Cenozdico, foram encontrados
sete registros, a maioria de espiculas soltas (GRUBER, 1994; RICHTER &
WUTTKE, 1999; MALLARODA, 1954; MARTINI & SCHILLER, 1995). Trés trabalhos
descreveram estruturas inteiras: i) gémulas do Eoceno Médio da Alemanha, em
Darmstadt (MULLER et al., 1982); ii) corpo da esponja incrustado no substrato,
descrito para a Formacao Nakamura, Japéo central, e datada do inicio do Mioceno
(MASUDA & MATSUOKA, 2000); e iii) gémulas preservadas em camadas de
diatomitos na Formacao Quillagua, regidao do Atacama, Chile, e datada do final do
Mioceno (PISERA & SAEZ, 2003). O registro para o Pleistoceno e Holoceno se
restringe praticamente a ocorréncia de espiculas soltas, exceto pelo registro de
gémulas inteiras em sedimentos provenientes da Illha Graham, no Arquipélago
Quenn Charlotte, Columbia Britanica, costa oeste do Canada, para o Holoceno
(HARRISON & WARNER, 1986).

O Paleolago Cemitério compreende um deposito lacustre formado sobre uma
estrutura démica de rochas magmaticas carbonatiticas do Cretaceo Superior,
nominada como Complexo de Catalao |, em Catalao, GO. O estudo das espiculas de
esponjas desse depdsito teve inicio no projeto da dissertacdo de mestrado da autora
e revelou a ocorréncia de facies ricas em espiculas de Dosilia pydanieli Volkmer-
Ribeiro (1992), Metania spinata (Carter, 1881), Trochospongilla variabilis Bonetto &
Ezcurra de Drago (1973), Radiospongilla amazonensis Volkmer-Ribeiro & Maciel
(1983), Corvoheteromeyenia australis (Bonetto & Ezcurra de Drago, 1966) e, por
vezes, Heterorotula fistula Volkmer-Ribeiro & Motta (1995) e Corvomeyenia
thumi (Traxler, 1895) (MACHADO, 2009; MACHADO et al., 2012 - Anexo A), que
correspondem a mesma comunidade, com excessao de C. australis, formadora de
espongilitos registrados no Brasil Central (VOLKMER-RIBEIRO & MOTTA, 1995) e,
com excessdo de H. fistula, atualmente tipica de lagoas do Bioma Cerrado
(VOLKMER-RIBEIRO, 1999).
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No entanto, o depoésito Paleolago Cemitério distingue-se por apresentar
estruturas inteiras de esponjas, além de facies intercaladas de espongilitos e de
diatomitos, ndo abordadas na ocasidao da dissertacdo. Dessa forma, visando
identificar os condicionantes ambientais que favoreceram essa singular preservagao
de esponjas no Paleolago Cemitério, a presente tese propbs-se a (i) estudar
taxonomicamente e tafonomicamente os fésseis inteiros de esponjas, (ii) analisar as
gemoscleras de cada camada do paleolago, (iii) identificar os espongilitos e
diatomitos, (iii) proceder a analises sedimentares (granulometria e matéria organica)
em cada facies do paleolago e (iv) realizar datacdes radiocarbbnicas em camadas
da base do paleolago.

Além disso, foi ainda desenvolvido projeto visando amostrar os sedimentos
superficiais de uma lagoa atual, formada sob o0 mesmo contexto geomorfoldgico do
Paleolago Cemitério, ou seja, sobre um domo carbonatitico, através de uma génese
similar, i.é por dissolugdo em ambiente carstico, e situada dentro do mesmo bioma, o
Cerrado. Esse estudo contemplou a andlise da Lagoa Serra Negra, situada cerca de
200 km do deposito Paleolago Cemitério e cujos sedimentos atuais revelaram, em
avaliacao prévia, acumulo inédito de espiculas de esponjas. Assim, esse volume
também apresentara (v) andlises bidticas e abibticas da Lagoa Serra Negra e, por
fim, (vi) andlises integrativas, entre os resultados de cada faceis do Paleolago
Cemitério e os oriundos da lagoa Serra Negra, extraindo desses estudos
interpretacbes de carater paleoambientais e paleoclimaticas, inéditas para o
Pleistoceno tardio.
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2. JUSTIFICATIVAS

Com base na espongofauna do depdsito Paleolago Cemitério (MACHADO,
2009; MACHADO et. al., 2012), contemplou-se agora, o aprofundamento da
pesquisa iniciada anteriormente. A presenca de gémulas e feixes de megascleras
integralmente preservadas € agora objeto de estudo, permitindo uma abordagem
inédita no estudo de fésseis de esponjas continentais em depdsitos no Brasil, e para
o Pleistoceno. As andlises sedimentolégicas das rochas do depédsito Paleolago
Cemitério, propostas na presente tese, possibilitaram uma caracterizacao precisa de
cada camada do paleolago e, além disso, permitiram relacionar esses dados com 0s
da espongofauna identificada, visando descrever os paleoambientes e tecer
consideracdes sobre a evolugdo da espongofauna e do corpo d’agua durante a
época de formacao do paleolago. Além disso, esse depdsito apresenta camadas de
espongilitos e de diatomitos, cujo estudo forneceu subsidios para comparagao com
outras jazidas similares no pais e no mundo (VOLKMER-RIBEIRO & MOTTA, 1995;
VOLKMER-RIBEIRO et al., 1998a; MOYLE & DOLLEY, 2003; ALMEIDA, 2009).

Cabe destacar que o Paleolago Cemitério compreende uma Unica sequéncia
lacustre espessa, 0 que proporcionou um registro anterior e posterior ao periodo de
formagéo dos espongilitos e diatomitos, e permitiu um melhor entendimento sobre os
condicionantes ambientais que favoreceram a formacdo de tais depdsitos
biosilicosos, bem como na génese, desenvolvimento e completo preenchimento da
bacia do paleolago. Datagcdes preliminares do intervalo superior do paleolago
indicaram idade de 27.500 + 4.000 e 34.700 = 6.000 anos AP (MACHADO et al.
2012). Entretanto, novas datagdes propostas nessa tese indicaram que o paleolago
foi formado a mais de 51.780 + 400 14C anos AP (dados inéditos), idade mais antiga
proposta para depédsitos quaternarios do Brasil Central (DE OLIVEIRA, 1992;
LEDRU et al, 1996; FERRAZ-VICENTINI & SALGADO-LABOURIAU, 1996;
SALGADO-LABOURIAU et al., 1997).

Por fim, os dados obtidos com a prospeccao da Lagoa Serra Negra
possibilitaram o estabelecimento de uma comparacdo com os dados oriundos do
depodsito Paleolago Cemitério, a fim de propor uma correspondéncia entre o

presente e o passado.
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3. OBJETIVOS

O principal objetivo da presente tese foi “determinar os condicionantes
ambientais que favoreceram a existéncia da fauna espongolégica e a preservacao
de seus relictos nos sedimentos do Paleolago Cemitério, utilizando-se de dados
taxonémicos, tafondmicos e geoldgicos, advindos do registro sedimentar, e também
de dados taxonémicos, ecolégicos e geoldgicos de ambiente atual, obtidos por meio

do estudo da Lagoa Serra Negra”, sendo objetivos especificos:

a) Contribuir para o estudo de fosseis de esponjas de agua doce, através de
analise tafonémica das estruturas integralmente preservadas de esponjas no

Paleolago Cemitério;

b) Identificar e descrever os condicionantes ambientais que poderiam ter
favorecido a preservacdo das estruturas integralmente preservadas de esponjas,
bem como os depdsitos de espongilito e diatomito, no Paleolago Cemitério;

c) Detectar e identificar a espongofauna da Lagoa Serra Negra, MG;

d) ldentificar os condicionantes ambientais que estdo favorecendo a producéo
continua de esponjas na Lagoa Serra Negra, bem como a permanéncia de suas

espiculas nos sedimentos;

e) ldentificar os paleoambientes e os regimes paleoclimaticos envolvidos na
evolucao da espongofauna e do corpo d’agua durante o periodo de deposicao do
paleolago;

f) Estabelecer vinculagao entre os registros atuais (Lagoa Serra Negra) e o do
passado (Paleolago Cemitério), a fim de auxiliar na identificacdo dos paleoambientes
e no estabelecimento dos paleoclimas relacionados a formacéo e desenvolvimento

do paleolago;

g) Fornecer subsidios para o entendimento da génese do Paleolago Cemitério
a partir dos resultados obtidos;

h) Fornecer idades para determinar tanto o intervalo de existéncia de
comunidades de esponjas tipicas de lagoas do Cerrado, quanto o dos ambientes
lacustres associados.
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4. AREAS DE ESTUDO

4.1. Contexto Geoldgico

A Provincia ignea do Alto Paranaiba, localizada entre as Bacias do Parana e
Sao Francisco (Figura 1), compreende um dos divisores de agua mais importantes
do Brasil. Nessa mesma regidao ocorre uma estrutura alongada NW-SE, o Arco do
Alto Paranaiba, cujo soerguimento teve inicio no Eocretaceo, intensificando-se
durante o Neocretaceo. A bacia ignea foi estabelecida como resultado do intenso
magmatismo mafico-ultramafico alcalino e ultrapotassico, gerando corpos intrusivos
(diques, condutos, diatremas e os complexos plutbnicos) e extrusivos (lavas e
piroclasticas). De acordo com GIBSON et al. (1995), as rochas dessa provincia
incluem, entre outros, kamafugitos, kimberlito, lamproite e complexos carbonatiticos.
Os Complexos Ultramafico-alcalino-carbonatiticos do Alto Paranaiba compreendem
Cataléo | e Il, no estado de Goias, e Salitre | e Il, Araxa, Tapira e Serra Negra, no
estado de Minas Gerais (Figura 1).
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Figura 1 - Mapa geolégico da Provincia ignea do Alto Paranaiba, com a localizagdo dos complexos
carbonatiticos (modificado de BARBOSA et al., 2012).
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4.2. Paleolago Cemitério

O depésito Paleolago Cemitério, em Cataldao, Goias (18°08’S 47°08'W), esta
localizado no Complexo Ultraméafico-alcalino-carbonatitico de Cataldo |, extremo
norte da Provincia ignea do Alto Paranaiba (Figura 1). O Complexo de Cataldo |
compreende uma estrutura démica de 27 km?, com eixos NS e EO medindo 6 e 5,5
km, respectivamente. A altitude média € de 900 m e a diferenga do terreno
circundante é de 100 m. O centro do complexo é dominado por um corpo
carbonatitico, enquanto as porcdes externas consistem em rocha ultraméfica,
foscoritos e flogopititos (AZZONE & RUBERTI, 2010).

O paleolago compreende um depdésito lacustre com exposicdo continua de
sua porcao marginal, de cerca de 300 m de largura por 30 m de espessura (Figura
2). Os sedimentos do paleolago correspondem a pelitos e areias finas que em
muitos niveis sdo compostos por numerosas espiculas de esponjas e frustulas de
diatomaceas. Além disso, em algumas camadas ainda ocorre macrofésseis, esporos
e graos de pdlen que consistem de restos de plantas terrestres, pertencentes as
samambaias e angiospermas dicotiledéneas (CARDOSO & IANNUZZI, 2006).

Lentes areniticas do intervalo superior do depésito Paleolago Cemitério foram
previamente datadas por CARDOSO (2007) usando termoluminescéncia (TL) e
luminescéncia opticamente estimulada (OSL). O TL resultou em uma idade de
34.700 = 5.000 anos AP, enquanto que a partir da OSL obteve-se 27.500 = 4.000
anos AP. Novas datacGes feitas, utilizando-se o método do C14 para restos
vegetais, forneceram idades que variaram entre 51.780 + 400 e 48.333 + 370 anos
AP para o intervalo basal (dados inéditos). Deste modo, tem-se como certo que a
geracao deste depdsito iniciou-se no Pleistoceno tardio.

RIBEIRO et. al. (2001) sugeriram duas hipoteses para a génese da
“Paleolagoa Seca”, depdsito também localizado no Complexo de Cataldao |. Na
primeira, supde-se que um processo intenso de lixiviagdo de carbonatitos e
foscoritos subjacentes, poderia ter resultado na formacao de grandes cavernas ou
produzido dolinas, diminuindo assim o tamanho da rocha original em até cinco
vezes. Outra hipétese envolve um colapso localizado e de pequena escala, o que
poderia resultar em pequena redugdo de volume na rocha, causando um
rebaixamento. Seja como for, ambas apontam para o surgimento dos lagos a partir

do processo erosivo tipico de um relevo carstico.
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Figura 2 - Vista geral do afloramento do Paleolago Cemitério, evidenciando a grande exposi¢ao
continua e praticamente completa da margem do depésito lacustre. Foto: Roberto lannuzzi.

4.3. Lagoa Serra Negra

A Lagoa Serra Negra, em Patrocinio, Minas Gerais (18°54’36.75"S
46°49°'35.3770), esta localizada no centro do Complexo da Serra Negra, regiao que
integra a parte central da Provincia ignea do Alto Paranaiba (Figura 1). Essa
estrutura démica (Figura 3A) possui area total de 231,84 km? (16,8 km sentido EO
por 13,8 km no sentido NS) e encontra-se a aproximadamente 280 m acima do nivel
de base local, em altitude méaxima de 1.270 m a sudoeste, na borda da estrutura
démica, e de 1.160 m, no centro (BERNARDES et al., 2007).

A Lagoa Serra Negra possui area superficial de cerca de 1 km? (105
hectares). A estrutura geomorfolégica do domo mostra um sistema de drenagem
radial centripeta, que se acumula no centro (Figura 3B). As areas de menor
declividade, que incluem as partes sul e central da lagoa, sdo planas e com solo
Uumido, cobertas por gramineas e vegetacao hidrofilica, como Sphagnum sp.
(SALGADO-LABOURIAU, 1997). Essa area é recortada em pequenas bacias e
canais irregulares derivados do fluxo de drenagem. A confluéncia de trés corregos,
Bebedouro, Bananeira e outro pequeno cérrego, na porcao central da lagoa, forma
uma grande rede de pequenos canais e bacias. A parte norte corresponde a uma
area formada por pequenas bacias e canais, cobertos com vegetagdo aquatica, que
circunda uma area mais profunda e com superficie de agua livre. De acordo com
SALGADO-LABOURIAU (1997), a Lagoa Serra Negra € uma lagoa rasa, formada
em uma grande caldeira provavelmente gerada pelo colapso das camadas de baixo.
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Figura 3 - Complexo Carbonatitico da Serra Negra, em Patrocinio, Minas Gerais. A, imagem de
satélite; B, Imagem tratada por sensoriamento remoto mostrando a declividade presente no domo
(modificado de BERNARDES, 2006).

5. MATERIAIS E METODOS

5.1. Atividades de Campo

Foram realizadas duas expedi¢des a Lagoa Serra Negra, uma em Maio/Junho
(outono - aguas altas; 30/05 a 06/04 de 2011 - Autorizacado SISBIO n® 23.184-3) e
outra em Outubro/2011 (primavera - aguas baixas; 10/04 a 10/08 de 2011 -
Autorizacao SISBIO n® 31548-1).

Cinco amostras dos sedimentos de fundo da Lagoa Serra Negra foram
coletadas ao longo da margem da lagoa (Pontos 2, 3 e 4; Figura 4) e em dois
cérregos (Pontos 1 e 5; Figura 4), em cada uma das duas expedicdes. Recipientes
plasticos foram mergulhados diretamente nos sedimentos de fundo. Na area de
superficie de agua livre, ao norte da lagoa, cinco amostras adicionais foram
coletadas na segunda expedicao (Pontos 6-10; Figura 4), com draga Eckman a
bordo de um barco. A Tabela 1 apresenta a localizacao e descricdo dos pontos de
amostragem, bem como as caracteristicas gerais dos sedimentos lacustres.

Condutividade e temperatura da agua foram medidos in situ com equipamento
portatil HACH modelos 50150 e 50050, em ambas expedi¢ées, nos Pontos 1-5 de
amostragem dos sedimentos. Ao mesmo tempo, amostras de agua foram coletadas

em frascos de vidro ambar 1.5 L, colocadas em caixas de isopor com gelo e



23

enviadas para a Divisdo de Assessoria Técnica e Analise Quimica (DIAAQ) do

Instituto de Quimica da Universidade Federal de Uberlandia (UFU), MG.

Tabela 1: Localizagao e descrigdo dos pontos de amostragem (Pt.) de sedimento e coleta de agua na
Lagoa Serra Negra e corregos, Patrocinio, MG, bem como o respectivo nimero de catalogacdo dos
sedimentos na Colecao de Porifera do Museu de Ciéncias Naturais (MCN-POR) da Fundacao
Zoobotéanica do Rio Grande do Sul (FZB).

Pt. Descricao MCN-POR Coordenadas
Cérrego Bebedouro. Canal unidirecional com pouco fluxo,

1 represado proximo ao lago e com escassa vegetacao 8763 10955’01,7”S
macrofitica. Sedimentos com coloragdo escura e 46°49'21,7°0
granulometria fina.

Parte sul da lagoa. Pequenas bacias com &gua livre 10°55'01.7°S

2 oriundas de escavagdes antrépicas. Sedimentos com 8763 oAaIm

> L 46°49'21,770
coloragao escura e granulometria fina.
Ponto marginal localizado na parte central/norte da lagoa.
Area formada por pequenas bacias e canais, e cobertas oEny »
< o s . 18°53°09,6"S

3 por vegetacdo aquética (macrofitais), que circunda uma 8761 orar N
- . L A ) 46°49'13,1"0
area mais profunda, e com superficie da agua livre.

Sedimentos com corolagé@o escura e granulometria fina.
Canal na margem norte, préximo a saida da lagoa.

4 Sedimentos com coloragdo escura, mas com grande 8760 18953'11,2"S
guantidade de areia. Presenca de clastos milimétricos a 46249'43,7°0
centimétricos.

Microbacia de sedimentagéo formada ao longo do curso do

5 corrego da vazante da lagoa. Sedimentos com coloragdo 8759 18°53°05,9”S
escura e grande quantidade de areia. Presenga de clastos 46°49'59,9"0
milimétricos a centimétricos.

Porcdo central/norte da Lagoa Serra Negra, que
6-10 correspondente a area de maior cobertura de agua livre. oo 0 0aas i

Sedimentos pretos com aspecto gelatinoso e presenca de
fragmentos vegetais ainda ndo decompostos.




0 220 440 880 1,320 1,760
N I N B metros

Figura 4 - A direita, imagem de satélite mostrando a Lagoa Serra Negra e os distintos pontos de
amostragem (Pt), também ilustrados através de fotografias, a esquerda: Pt. 1, corrego Bebedouro; Pt.
2, pequenas bacias antrépicas de agua livre; Pt. 3, margem préxima aos macrofitais; Pt. 4, canal
formado proximo a vazante da lagoa; Pt. 5, pequena microbacia de sedimentacao situada no cérrego
de vazante da lagoa; Pt. 6-10, por¢ao central da lagoa, com cobertura de agua livre.



25

5.2. Atividades Laboratoriais
5.2.1. Respectivas aos materiais do Paleolago Cemitério

As amostras retiradas de cada uma das 21, 19 e 13 camadas, encontradas,
respectivamente, nas Secdes 1, 2 e 3, do Paleolago Cemitério, foram depositadas e
catalogadas na Colecado de Porifera do Museu de Ciéncias Naturais da Fundacéo
Zoobotéanica do Rio Grande do Sul (MCN/FZB), sob os numeros MCN-POR 8147-
8200.

As estruturas inteiras de esponjas foram identificadas ao Microscopio
Estereoscopico (lupa), destacadas da matriz rochosa, fixadas em suportes e levadas
ao Microscoépio Eletrbnico de Varredura (MEV), para estudo especifico e devido
registro fotografico. Essa analise foi feita no Centro de Microscopia da Universidade
Luterana do Brasil, Campus Canoas, Rio Grande do Sul (ULBRA-RS), em MEV
modelo Philips XL20. As gémulas/gemoscleras de esponjas tiveram o grau de
formacao e fragmentacgao registrados. Foram realizadas 20 medidas de gemoscleras
de cada espécie identificada. Essas medidas foram comparadas com as obtidas de
espécimes vivos, disponibilizadas em EZCURRA DE DRAGO (1979), VOLKMER-
RIBEIRO & MACIEL (1983), VOLKMER-RIBEIRO (1992) e VOLKMER-RIBEIRO &
COSTA (1992).

Foram ainda produzidos outros suportes contendo fragmentos de espongilitos
e diatomitos do paleolago, visando o estudo e registro fotografico dessas rochas ao
MEV, o que foi também realizado no Centro de Microscopia da ULBRA-RS.

Adicionalmente, laminas permanentes foram produzidas para cada camada
do paleolago, conforme procedimentos descritos em VOLKMER & TURCQ (1996),
com o objetivo de detectar a presenca abundante de gemoscleras soltas ao
Microscépio Optico. Deste modo, foram realizados desenhos em Camera Lucida
para ilustrar as gemoscleras das diferentes espécies identificadas. Essas novas
analises permitiram refinar a quantificacao relativa de espiculas presentes nos
sedimentos do paleolago, inicialmente proposta por MACHADO et al. (2012),
diferenciando as facies formadas por espiculas do esqueleto das esponjas, de
outras contendo também as espiculas das gémulas. As identificacbes taxonémicas
das gemoscleras apoiaram-se principalmente nos trabalhos de VOLKMER-RIBEIRO
(1992), VOLKMER-RIBEIRO & MOTTA (1995) e MACHADO et al. (2012).
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Todos os materiais produzidos para o estudo das esponjas fésseis, suportes
de MEV e laminas permanentes, foram depositados junto aos respectivos
sedimentos catalogados na Colecao de Porifera do MCN/FZB.

Andlises sedimentolégicas, granulométricas e de teor de matéria organica
(M.O.), de cada camada estudada das trés secoes levantadas no depdsito Paleolago
Cemitério, foram realizadas no Centro de Estudos de Geologia Costeira e Oceénica
da Universidade Federal do Rio Grande do Sul (CECO-1G-UFRGS). Nestas, os
sedimentos grossos foram separados em jogo de peneiras de 1d mm
(WENTWORT, 1922; KRUMBEIN, 1934); j4 para os sedimentos finos utilizou-se o
método de decantacao de pequenas particulas em meio liquido, segundo proposto
em KRUMBEIN & PETTIJOHN (1938). Estes resultados foram comparados com as
descricoes dessas mesmas camadas realizadas in situ e disponibilizadas por
MACHADO (2009), que evidenciaram a presenca de clastos e permitiram, assim,
indicar a classificacdo textural mais precisa de cada camada do paleolago. A
determinacao da M.O. em sedimentos finos (silte e argila) foi realizada pelo método
de eliminacdo de matéria organica por combustdo, como descrito em WETZEL
(1975). Os resultados de granulometria e de teor de M.O. foram processados para a
obtencéo de graficos especificos, esses gerados a partir da utilizacao do software
PAST 2.17c¢ para Windows (HAMMER et al., 2001).

O intervalo basal do depésito Paleolago Cemitério foi datado usando-se
isétopos de C14, obtidos a partir de restos de macrofésseis vegetais constituidos
por: pedaco de fronde carbonizada de samambaia (i.€, Pteridium sp.) e fragmento
lignificado de caule, oriundos respectivamente das Camadas 4 e 5 da Secao 1
(Figura 5), e folha de angiosperma dicotiledénea, obtida da Camada 2 da Secao 2
(Figura 6). As analises de radiocarbono foram feitas em equipamento de
Espectrometria de Massa com Aceleradores (AMS), no Center for Applied Isotope
Studies (CAIS) da Universidade da Georgia, E.U.A.

5.2.2. Respectivas aos materiais da Lagoa Serra Negra

Fracdes de 0,35 cm® de todos os sedimentos amostrados nas duas
expedicoes foram processados, segundo o protocolo estabelecido por VOLKMER &
TURCQ (1996), para a obtencdo de laminas permanentes, visando a identificagcao

taxonémica e quantificacao relativa das espiculas (Abundantes = +++; Poucas = ++;
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Raras = +) ao Microscépio Optico. Nesse mesmo equipamento foi registrado o grau
de formacédo e fragmentacdo das espiculas. A identificacdo taxonémica apoiou-se
em VOLKMER-RIBEIRO (1992), VOLKMER-RIBEIRO & MOTTA (1995) e
MACHADO et al. (2012). Espiculas de cada espécie de esponja identificada foram
fotografadas com Camera Canon PowerShot G11 acoplada ao Microscépio Optico
Leica DM500. Todos os sedimentos e laminas permanentes produzidas foram
catalogados na Colecao de Porifera do MCN/FZB, sob os niumeros MCN-POR 8759
a 8764 e 8878 a 8882 (Tabela 1).

Sedimentos dos Pontos 8 e 10 da Lagoa Serra Negra (Figura 4) foram
selecionados para andlise do tamanho da particula e teor de M.O. O critério de
selecdo baseou-se na abundancia do conteudo de espiculas, no tipo de sedimento,
no caso a presenca de turfa, e na ocorréncia de vegetacdo macrofitica adjacente,
por serem esses substratos provaveis de fixagdo das esponjas. As analises foram
realizadas no CECO-IG-UFRGS e seguiram a mesma metodologia ja descrita para o
tratamento dos sedimentos do Paleolago Cemitério (vide item 5.2.1.).

As amostras de agua da Lagoa Serra Negra (Pontos 1-5; Figura 4) foram
processadas na Assessoria Técnica e Analise Quimica (DIAAQ) do Instituto de
Quimica da UFU, para determinar pH, demanda bioquimica de oxigénio (DBO),
oxigénio dissolvido (OD), fosforo total, nitrogénio amoniacal, turbidez, alcalinidade e

silica, conforme metodologia descrita em APHA (1980).

6. RESULTADOS
6.1. Paleolago Cemitério
6.1.1. Classificacao textural

O resultado da analise granulométrica e classificacao textural de cada facies
das trés secoes do Paleolago Cemitério € mostrado na Tabela 2 e esta representado
nos perfis exibidos nas Figuras 5, 6 e 7. O diagrama ternario da Figura 8 mostra que
a maioria das facies do paleolago é formada por uma matriz fina, incluindo aquelas
que apresentaram clastos (Tabela 2). Essas ultimas rochas foram classificadas
como diamictitos (camadas 1, 6 € 8, da Se¢édo 1, camadas 1, 5, 7, 11 e 14, da Secéo
2, e camadas 2, 3, 5/6 e 12/13, da Secao 3). Somente a camada 2/3 da Secao 1
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apresentou maiores porcentagens de areia e foi, assim, classificada como um
conglomerado arenoso. Duas camadas apresentaram maiores porcentagens de
argila e foram classificadas como argilito-siltico, a camada 7, da Secédo 1, e a
camada 10, da Secao 3. Em contraste, a maioria das facies do paleolago
apresentaram grande quantidade de particulas na fracao silte e foram caracterizadas
como siltitos (camadas 4, 9, 11, 12/13, 14, 15, 16 e 17/18, da Secao 1, camadas 2,
3,4,6,8,9,10,12 e 13, da Sec¢éo 2, e camadas 1 e 11, da Secao 3).

Camadas formadas predominantemente por espiculas de esponjas ou por
fristulas de diatomaceas que foram classificadas, respectivamente, como
espongilitos e diatomitos, ocorrem nas trés secdes do Paleolago Cemitério (Tabela
2; Figuras 5, 6 e 7). Os espongilitos foram identificados na camada 10, da Secéao 1,
camada 15, da Secao 2, e camada 8, da Secao 3 (Figura 9A, B). Enquanto que os
diatomitos ocorreram na camada 5, da Secao 1, camada 16, da Secao 2, e camadas
4, 7 (Figura 9C, D) e 9, da Secdo 3. Destaca-se que nenhuma camada de
espongilito apresentou frustulas, enquanto houve o registro de numerosas espiculas
nos diatomitos (Figura 9D). O diagrama ternario (Figura 8) evidenciou que as
camadas de espongilitos e diatomitos do paleolago estdo associados a fragcao fina
dos sedimentos, como bem ilustrado nos perfis das Figuras 5,6 e 7.

6.1.2. Matéria Organica

Os resultados com respeito ao teor de Matéria Orgéanica (M.O.) das diferentes
rochas do Paleolago Cemitério sdo apresentados na Tabela 1 e estdo delineados
nos perfis exibidos nas Figuras 5, 6 e 7. Na Secéo 1, foram registrados dois picos de
M.O., um na camada 4 e outro na camada 16. Na Secao 2, as camadas 8, 10 e 13
destacaram-se, enquanto na Secao 3, os niveis com teores mais altos foram
detectados na camada 8. No entanto, quando os trés perfis do Paleolago Cemitério
foram comparados, o grafico boxplot (Figura 10) evidenciou que as Secbes 1 e 2
tiveram as maiores variagdes na M.O., de 7,50% a 62,10% e de 10,65% a 75,60%,
respectivamente (Figuras 5 e 6). O grafico também mostrou que a maioria das
camadas da Secdo 2 obteve altos niveis de M.O. (28-40%), enquanto que nas
Secodes 1 e 3, a maioria das camadas nao ultrapassaram 30% de M.O.
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Tabela 2 - Resultados das andlises sedimentologicas das camadas das Segdes 1, 2 e 3, do
Paleclago Cemitério, Cataldo, GO: Matéria Orgénica (M.O.) e Granulometria [Clastos (Cl): ausente=0,
minerais=1, organicos=2]. O resultado permitiu a proposicdo da classificacdo textural de cada

camada.
M.O. Granulometria o
Camadas (%) Cl _ Areia(%) Silte(%) Argila(%) Classificagéo textural
SECAO 1
1 12,4 1 17,15 64,05 18,80 Diamictito de matriz siltica
2 21,7 1,2 57,41 31,83 7,30 Conglomerado arenoso
3 750 1,2 34,06 25,74 25,87
4 44,9 0 0,02 92,01 7,97 Siltito
5 19,1 0 0,20 54,35 45,45 Diatomito
6 12,5 1,2 0,20 63,00 36,80 Diamictito de matriz siltico-argilosa
7 13,7 0 0,22 41,00 58,78 Argilito-siltico
8 326 1,2 21,34 65,36 13,30 Diamictito de matriz siltica
9 23,6 0 0,11 78,61 21,28 Siltito
10 34,2 0 0,19 83,31 16,50 Espongilito
11 411 0 0,03 88,65 11,32 Siltito
12 20,2 0 0,24 80,11 19,65 Siltito
13 23,8 0 0,23 80,45 19,32
14 15,3 0 0,51 73,30 26,19 Siltito
15 29,2 0 0,07 83,78 16,15 Siltito
16 62,1 0 0,19 85,94 13,87 Siltito
17 37,0 0 0,08 30,42 69,50 Siltito
18 30,6 0 0,1 70,52 29,38
SECAO 2
1 10,6 1 15,41 61,93 22,66 Diamictito de matriz siltico-argilosa
2 32,5 0 0,28 76,15 23,57 Siltito
3 19,9 0 0,32 73,66 26,02 Siltito
4 38,9 0 0,22 86,27 13,51 Siltito
5 41,7 1,2 0,85 82,28 16,87 Diamictito de matriz siltica
6 37,5 0 0,20 83,31 16,49 Siltito
7 36,6 1,2 0,49 81,56 17,95 Diamictito de matriz siltica
8 75,6 0 0,41 90,10 9,49 Siltito
9 28,5 0 0,41 77,74 21,85 Siltito
10 48,8 0 0,95 90,64 8,41 Siltito
11 34,1 1,2 0,25 82,21 17,54 Diamictito de matriz siltica
12 29,7 0 0,15 75,68 24,17 Siltito
13 56,7 0 1,03 87,94 11,03 Siltito
14 21,3 1,2 0,26 71,33 28,41 Diamictito de matriz siltico-argilosa
15 34,0 0 0,90 80,34 18,76 Espongilito
16 30,5 0 0,02 73,20 26,78 Diatomito
SECAO 3
1 28,9 0 0,35 76,47 23,18 Siltito
2 9,65 2 4,01 51,39 44,60 Diamictito de matriz siltico-argilosa
3 17,0 2 11,01 69,51 19,48 Diamictito de matriz siltico-argilosa
4 24,2 0 0,12 70,68 29,20 Diatomito
5 1.2 2 9,95 68,44 21,61 Diamictito de matriz siltico-argilosa
6 13,3 2 5,82 68,99 25,19
7 23,4 0 0,16 68,97 30,87 Diatomito
8 33,2 0 0,02 82,88 17,10 Espongilito
9 28,0 0 0,29 62,69 37,02 Diatomito
10 13,7 0 0,16 47,81 52,03 Argilito siltico
11 16,8 0 0,13 69,20 30,67 Siltito
12 30,7 2 0,03 84,67 15,30 Diamictito de matriz siltica
13 28,5 2 0,68 74,08 25,24
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Figura 5 - Perfil da Secédo 1 (em metros), ilustrando a partir da esquerda para a direita: idades
absolutas obtidas na camada indicada, resultados da classificagdo textural, porcentagem de matéria
organica (M.Q.); ocorréncia de espiculas de cada espécie de esponja; abundancia de espiculas e de
gemoscleras; desenho das gemoscleras identificadas na camada indicada. Abreviagdes: A, argilito; S,
siltito; Af, arenito fino; Am, arenito médio; Ag, arenito grosseiro; C, conglomerado/diamictito.
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Figura 6 - Perfil da Secédo 2 (em metros), ilustrando a partir da esquerda para a direita: idades
absolutas obtidas na camada indicada, resultados da classificagdo textural, porcentagem de matéria
organica (M.Q.); ocorréncia de espiculas de cada espécie de esponja; abundancia de espiculas e de
gemoscleras; desenho das gemoscleras identificadas nas camadas indicadas. Abreviacdes e
legendas conforme Figura 5.
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Figura 7 - Perfil da Secao 3 (em metros), ilustrando a partir da esquerda para a direita: resultados da
classificagdo textural, porcentagem de matéria organica (M.O.); ocorréncia de espiculas de cada
espécie de esponja; abundancia de espiculas e de gemoscleras; desenho das gemoscleras
identificadas nas camadas indicadas. Abreviag¢des e legendas conforme Figura 5.
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Figura 8 - Diagrama ternario mostrando a relagdo granulometrica entre areia/silte/argila nas camadas
das Secdes 1, 2 e 3, do Paleolago Cemitério. O circulo no diagrama da Secéo 1 indica o resultado
obtido na camada 2/3, a Unica com porcentagens maiores de areia. As setas indicam as camadas
com maiores teores de argila, i.6 camada 7, da Secao 1, e Camada 10, da Secéo 3.
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Figura 9 - Imagens ao MEV de espongilitos (A e B) e diatomitos (C e D), obtidas, respectivamente,
das camadas 7 e 8, da Secdo 3, do Paleolago Cemitério: A e B, espiculas de esponjas; C e D,
frastulas de diatoméaceas. Note em D a presenga de espiculas.
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Figura 10 - Grafico boxplot mostrando a variagdo de matéria organica (M.O.) nas Segbes 1, 2 e 3, do

Paleclago Cemitério.



33

6.1.3. Analise das espiculas de esponjas nos sedimentos

As facies que contém abundantes espiculas do esqueleto das esponjas
(megascleras e microscleras) e também das gémulas (gemoscleras) consistem em
siltitos (camada 11, da Secédo 1, e camadas 3, 4 e 12, da Secao 2), diamictitos
(camadas 11, da Secao 2, e camadas 2 e 13, da Secéao 3) e espongilitos (camada
15, da Secdo 2, e camada 8, da Secdo 3). Gemoscleras de Dosilia pydanieli,
Corvoheteromeyenia australis, Radiospongilla amazonensis e Trochospongilla
variabilis ocorreram em todas estas facies (Figuras 5, 6 e 7). No entanto,
gemoscleras de Corvomeyenia thumi e Metania spinata ocorreram apenas nas
camadas 11, 12 e 15, da Secao 2, e camada 2, da Secéo 3 (Figuras 6 e 7). Deve
notar-se que M. spinata ocorreu com espiculas esqueletais ao longo das trés secdes
estudadas do Paleolago Cemitério (MACHADO et al., 2012), enquanto que as
megascleras de C. thumi foram restritas as mesmas camadas onde as suas
gemoscleras ocorreram (Figura 6 e 7). J& Heterorotula fistula ocorreu ao longo de
todo intervalo da Secao 2 (MACHADO et al., 2012), por vezes, também com suas
gemoscleras (Figura 6).

As facies com abundéancia de espiculas, contendo apenas as da estrutura
esqueletal das esponjas, compreendem siltitos (camadas 9 e 14, da Secéo 1,
camada 13, da Secédo 2, e camada 11, da Secdo 3), diamictitos (camada 6, da
Secao 1, camada 14, da Secéao 2, e camadas 3, 6 e 12, da Secao 3), diatomitos
(camada 5, da Secao 1, camada 16, da Sec¢éo 2, e camadas 4, 7 € 9, da Secao 3), e
apenas uma camada de argilito-siltico (camada 10, da Sec¢éo 3) (Figuras 5,6 e 7). O
espongilito da camada 10, da Secado 1, também evidenciou predominancia de

megascleras e microscleras.

6.1.4. Tafonomia das estruturas integralmente preservadas de esponjas

Apenas a Camada 14, da Secao 1, e as camadas 12 e 15, da Secéao 2, do
Paleolago Cemitério, apresentaram, nos planos de acamamento, a preservacao de
estruturas inteiras de esponjas.

Fibras do reticulo esqueletal de Corvoheteromeyenia australis (Figura 11A),
gue consistem em megascleras alinhadas (Figura 11B) e microscleras da classe
mais longa (Figura 11C), foram encontradas na camada 14, da Secéo 1 (Figura 5).
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Gémulas inteiras foram detectadas apenas nas camadas 12 e 15, da Secéo 2
(Figura 6). A camada 12 apresentou gémulas de Heterorotula fistula (Figura 12A, B),
C. australis (Figura 12C, D, E), Dosilia pydanieli (Figuras 12F, G , H, I) e
Radiospongilla amazonensis (Figura 13). Na camada 15, identificaram-se gémulas
de H. fistula, C. australis, Corvomeyenia thumi (Figura 14) e, em particular, uma
notavel preservacdo de mais de cinquenta gémulas de R. amazonensis (Figura
13C). Essas gémulas de R. amazonensis estao revestidas por uma pelicula que se
segue ao plano de acamamento (Fig. 13D). Proliferacao de algas sao frequentes em
lagoas tropicais sujeitas a secas sazonais. As bactérias e algas estao interligadas no
processo de floracdo, provocado pelo calor e reducéo no nivel de agua, inicialmente
com a formagdo de uma crosta gelatinosa, que depois seca e endurece. Assim, 0
revestimento visto ao longo das gémulas de R. amazonensis (Figura 13D) poderia
representar um vestigio dessa crosta que, apds o soterramento, foi pressionada e
substituida pelos sedimentos circundantes. Nesse sentido, essa crosta poderia ter
promovido uma cobertura protetora para as gémulas soterradas e desempenhado
papel fundamental nessa rara preservacao.

Ap6s a separacao dos folhelhos sedimentares, verificou-se em varias
gémulas que enquando um hemisfério das gémulas ficou preservado em uma face,
o outro ficou na face oposta, o que indicaria que algumas das gémulas tenham sido
imediatamente cobertas por sedimentos, ficando assim totalmente preservadas. A
estrutura organica da camada pneumatica, na qual sao inseridas as gemoscleras,
nao foi preservada, embora certamente este apoio estrutural estave presente no
estagio inicial do processo, o que teria permitido a manutencao da disposicao radial
das gemoscleras em torno das gémulas (Figuras 12A, 12C, 12F e 13A).

As gemoscleras de R. amazonensis foram encontradas inteiras, fato atribuido
ao eixo curto e relativamente espesso (Figura 13B). Em contraste,
Corvoheteromeyenia australis, D. pydanieli e H. fistula, as quais possuem
gemoscleras birrotuladas e com eixos mais longos, apresentaram rupturas
diferenciadas, sempre proximas a uma das roétulas (Figuras 12B, 12D, 12E e 12G),
como também ocorreu em Corvomeyenia thumi (Figura 14). Entretanto, no caso das
trés primeiras espécies, provavelmente houve a manutencao da camada pneumatica
durante o soterramento, permitindo que, por vezes, a coroa de gemoscleras ficasse
preservada in situ (Figuras 12A, 12C e 12F). A subsequente compressao e
desintegracdo dessa camada conduziu a fragmentacdo observada nessas
gemoscleras. Isto ndo ocorreu com as gémulas de C. thumi, onde a disposicao
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original das gemoscleras foi perdida (Figura 14). Acrescenta-se que o eixo das
gemoscleras dessa espécie é fino e longo, o que pode ter conduzido a uma
fragmentacao imediata das mesmas apds o soterramento.

Por outro lado, as gemoscleras de D. pydanieli e C. australis foram
observadas incompletamente formadas, com as arestas dos espinhos ainda abertas
(Figura 12H), o que explica as suas dimensbes menores quando comparadas com
as gemoscleras retiradas de espécimes atuais (Tabela 3). A formacao incipiente das
rétulas dessas gemoscleras indicaria reducao no tempo disponivel para a conclusao
da gémula antes do evento de soterramento. Além disso, o desenvolvimento
precario das camadas pneumaticas prejudicariam a flutuabilidade dessas gémulas,
acelerando seu depdsito no fundo do lago.

No caso especifico de H. fistula, além das gemoscleras incompletamente
formadas (Figuras 12B), a segunda categoria de gemoscleras que, supostamente,
cobriria a parte externa da gémula, ndo foi formada. No entanto, as megascleras
tipicas do conjunto esqueletal de H. fistula estdo presentes nestas mesmas camadas
(MACHADO et al., 2012). Esses resultados indicam que as gémulas ainda estavam
em processo de formacéao e, dessa forma, ndo chegaram a formar a camada externa
de vedacdo composta da categoria de gemoscleras menores. H. fistula nao foi
inserida na Tabela 3 porque ndo ha registro de espécimes vivos desta espécie até o
momento. C. thumi também né&o foi abordada, devido a fragmentacdo dos eixos

longos e finos de suas gemoscleras.
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Tabela 3 - Medidas das gemoscleras (um) das gémulas preservadas no Paleolago Cemitério, em
comparacdo com aquelas de espécimes vivos, disponiveis em EZCURRA DE DRAGO (1979),
VOLKMER-RIBEIRO & MACIEL (1983), VOLKMER-RIBEIRO (1992), VOLKMER-RIBEIRO & COSTA

(1992) e VOLKMER-RIBEIRO & MACHADO (2009).

Gemoscleras dos espécimes

Gemoscleras dos espécimes

Espécies fésseis (média) viventes (minimo - maximo)
comprimento largura comprimento largura

H. fistula

gemoscleras longas 120 4.1 - -
C. australis

gemoscleras curtas 52 2,4 47 -77.5 3,7-5

gemoscleras longas 86 4.1 62,5 - 90 3,7-6,2
D. pydanieli

gemoscleras 96 2,6 69 - 100 1-5
R. amazonensis

gemoscleras 52,6 4,6 75-94 3-8
M. spinata

gemoscleras - - 43 - 86 2-5
T. variabilis

gemoscleras - - 18,93 -17,93 2,45-5,75

Figura 11 - Imagem ao MEV de espiculas de Corvoheteromeyenia australis (Bonetto & Ezcurra de
Drago, 1966), na camada 14, da Secéo 1: A, fibras compostas por megascleras; B, megasclera; C,

microsclera.
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Figura 12 - Imagem ao MEV das gémulas fésseis do Paleolago Cemitério, em Cataldo, Goias, nas
camadas 12 e 15, da Segao 2: Heterorotula fistula Volkmer-Ribeiro & Motta (1995): A, gémula; B,
gemoscleras longas. As setas apontam para a borda serrilhada, caracteristica das rotulas;
Corvoheteromeyenia australis (Bonetto & Ezcurra de Drago, 1966): C, gémula; D, detalhe das rétulas
das gemoscleras curtas; E, detalhe das rétulas das gemoscleras longas; Dosilia pydanieli Volkmer-
Ribeiro (1992): F, gémula; G, H, gemoscleras com eixo longo, fino e coberto por espinhos; |, detalhe
da borda denteada da rétula da gemosclera. Varias gemoscleras mostram a formacgéao incipiente de
suas roétulas, indicando redugao no tempo disponivel para a conclusdo da gémula antes do evento de
soterramento.



Figura 13 - Imagem ao MEV das gémulas fésseis de Radiospongilla amazonensis Volkmer-Ribeiro &
Maciel (1983) na camadas 15, da Secdo 2, do Paleolago Cemitério: A, uma gémula foéssil; B,
gemoscleras; C, aglomerado de gémulas fosseis; D, pelicula fina que cobria as gémulas.

Figura 14 - Imagem ao MEV das gemoscleras fragmentadas de uma gémula de Corvomeyenia thumi
(Traxler, 1895) na camada 15, da Sec¢éo 2, do Paleolago Cemitério. As setas indicam as rétulas
internas, planas, circulares e expandidas, e os circulos, as rotulas externas, pequenas e umbonadas.
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6.1.5. Datacoes

Datac6es adicionais por radiocarbono realizadas em camadas basais do
deposito Paleolago Cemitério, i.6 nas camadas 4 e 5, da Secao 1, indicaram uma
idade de mais de 53.780 14C anos AP (UGAMS 9289), para um fragmento de
madeira lignificada, e de 51.780 + 400 14C anos AP (UGAMS 9287), para um
fragmento de samambaia carbonificada (Figura 5). Um fragmento de folha de
angiosperma mumificada, oriunda da camada 2, da Sec¢ao 2, forneceu uma idade de
48.333 + 400 14C anos AP (UGAMS 9288) (Figura 6). Assim, a datacado por
radiocarbono do fragmento de madeira mais basal indicou uma idade de mais de
53.780 14C anos AP para a origem da Bacia do Paleolago Cemitério, o que

corresponde ao Pleistoceno tardio na coluna geolégica de tempo.

6.1.6. Correlacao das secoes do Paleolago

Com base nas datacdes disponiveis, nas caracteristicas sedimentares e na
associacdo das espiculas de esponjas preservadas, foi possivel estabelecer a
correlacao das trés seccoes (perfis colunares) realizadas ao longo do corte exposto
no depdsito do Paleolago Cemitério (Figura 15). A secao mais espessa foi a Secao
1, que atingiu cerca de 26,5 m de amostragem.

As datacdes por radiocarbono, realizadas na presente tese, permitiram a
correlacao entre as Secbes 1 e 2, confirmando que a base da Secéo 2 (48.333 + 400
14C anos AP) é correlata com as rochas sobrejacentes as camadas 4 e 5, da Secao
1 (Figura 15). Dessa forma, ficou claro que a base do paleolago ficou principalmente
exposta na Secédo 1, representada por um diamictito (camada 1), seguido por um
conglomerado arenoso (camada 2/3), com uma espessura de 6 m (Figura 5). Os
diamictitos basais em ambas as Segcdes 1 e 2 foram similares pela presenca de
clastos de origem exclusivamente mineral (Tabela 2). Espiculas de esponjas de
cinco espécies de ambientes I6ticos e Iénticos também foram observadas em ambas
as camadas (Figuras 5, 6 e 15).

A parte superior da porcdo basal da Secdo 1 esteve encoberta durante o
periodo de amostragem. Apds esta lacuna sedimentar, ocorre nessa se¢cao uma
camada de siltito com altos niveis de M.O. e presenca de espiculas de esponjas
exclusivamente de ambientes Iénticos (camada 4; Figura 5). Caracteristicas
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similares foram registradas na camada 1, da Secao 3, permitindo uma correlacao
entre essas duas secobes (Figuras 5, 7 e 15).

As camadas subsequentes na Secao 1, corresponderam a dois diamictitos
separados por uma camada de argilito siltico (camadas 6, 7 e 8; Figura 5). Camadas
alternadas de diamictitos e siltitos caracterizam um grande intervalo da Secao 2
(camadas 2-15; Figura 6). Os diamictitos nestes dois intervalos, das Sec¢bes 1 e 2,
apresentaram clastos de origem mineral e organica (Tabela 2), permitindo uma
correlacao entre essas duas secgdes. Esta correspondéncia também foi confirmada
pela diminuicdo consideravel da espiculas em ambas as segdes.

A correlacdo estabelecida entre as camadas de 11 a 15, da Secédo 2, e
camada 2, da Secao 3, foi baseada na ocorréncia da espécie C. thumi, que é restrita
a essas facies (Figuras 6, 7 e 15).

Observagdes em campo (Machado, 2009) revelaram dois niveis guias entre
as Secoes 1 e 3. O primeiro consiste de uma camada fina de espongilito disposta
entre duas camadas de diatomitos, camadas 7, 8 e 9, da Secao 3, e justaposta a do
diamictito da camada 8, da Secdo 1 (Figuras 5, 7 e 15). O segundo corresponde a
uma facies de paleossolo na Sec¢dao 1 (Camada 14; Figuras 5 e 15) e no topo da
Secéao 3 (Figuras 7 e 15).

Secéao 1

Secdo 2

27500 £4000 anos AP)
34700 £5.000 anos AP

Legenda

Conglomerado arenoso # Espongilito

[] Diamictitos # Abundantes espiculas de esponjas de ambientes |énticos
Silti.t(.Js - oy Seixos e granulos 7/ Poucas espiculas de esponjas de ambientes l&énticos
Argilito siltico °e K L 7 Raras espiculas de esponjas de ambientes I6ticos
Diatomito +*e Seixos e granulos organicos .
i ¢ Fibras de megascleras
Espongilito == Lentes arenosas A Gemulas
ﬂf Macrofésseis de plantas % Gemoscleras
M

h+h Paleossolos \. gemoscleras de C. thumi

Figura 15 - Perfis litoestratigraficos do Paleolago Cemitério, em Cataldo, Goias, ilustrando a
correlacao estabelecida entre as trés secoes analisadas (linhas tracejadas).
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6.2. Lagoa Serra Negra

6.2.1. Analise das espiculas contidas nos sedimentos

A andlise das espiculas nos sedimentos amostrados nas duas expedicoes
mostraram resultados idénticos (Tabela 4). Foi detectado que o principal acumulo de
espiculas de esponjas ocorre atualmente na porcdo norte da Lagoa Serra Negra
(Pt.3 e Pts. 6-10; Tabela 4; Figura 4). Megascleras e microscleras (espiculas do
esqueleto), inteiras e completamente formadas, foram dominantes nos sedimentos
recuperados dessa area (Figuras 16A e 16B). Dosilia pydanieli foi identificada com
base em abundantes microscleras (Figura 16B). Gemoscleras (espiculas das
gémulas) foram escassas, mas permitiram a identificacdo das espécies Metania
spinata (Figura 16C), Trochospongilla variabilis (Figura 16D), Radiospongilla
amazonensis (Figura 16E) e Heterorotula fistula (Figura 16F, 16G e 16H). Esses
resultados indicaram a existéncia de uma comunidade atual de esponjas bem
estabelecida na lagoa, que habita a area marginal formada por pequenas bacias e
canais cobertas por vegetacado aquatica, como observado no Ponto 3. As esponjas
degradadas e suas espiculas acumuladas sob as macréfitas, sdo arrastadas para a
area mais profunda da lagoa, através do escoamento superficial das aguas no
domo, o que explica a concentragdo de espiculas na parte central da lagoa, de agua
livre (Pts. 6-10; Tabela 4; Figura 4).

A ocorréncia de raras espiculas, incipientemente formadas e fragmentadas,
nos sedimentos dos Pts. 1 e 2, impediram a sua identificacdo taxonémica (Tabela 4).
Espiculas de Oncosclera navicella (Carter, 1881), uma esponja de ambientes léticos,
foram detectadas apenas nos sedimentos de St. 5 (Tabela 4). A presenca de
espiculas inteiras e completamente formadas nos sedimentos do Pt. 4 é creditada a
sua localizagéo, a jusante dos Pt. 3 e Pts. 6-10 (Figura 4).

6.2.2. Analises sedimentolégicas

Os sedimentos analisados nos dois locais onde se constatou acumulo de
espiculas, na regidao norte da Lagoa Serra Negra, mostraram-se compostos por
29,5% de argila, 70% de silte, 0,5% de areia e 33,60% de M.O., no Ponto 8, e
21,96% de argila, 78% de silte, 0,04% de areia e 31,60% de M.O., no Ponto 10.
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Esses sedimentos foram classificados como finos com altos niveis de M.O. e
formacao de turfa. O aspecto gelatinoso e a presenca de fragmentos vegetais
intactos nos sedimentos desses locais (Pt. 3, e Pts. 6-10; Tabela 1) confirmaram a
acumulacao organica no fundo. A presenca de sedimentos finos com coloracao
escura nos Pontos 1 e 2 (Tabela 1) indicou que a area sul da Lagoa Serra Negra
também inclui uma area de turfeira. Em contraste, os sedimentos mais grosseiros
nos Pontos 4 e 5 (Tabela 1) indicaram a presenca de fluxo de agua e, por

conseguinte, inibicdo de acumulagao organica.

Tabela 4 - Resultados da analise das espiculas nos pontos de amostragem (Pt.) de sedimento na
Lagoa Serra Negra e corregos, Patrocinio, MG, suas condicbes de preservagdo, contetudo total
relativo, identificagdo taxonémica, e quantidade relativa de cada categoria de espiculas (mg=
megascleras; mga = megascleras alfa; mgb = megascleras beta; mi = microscleras; gm =
gemoscleras; gml = gemoscleras longas; gmc = gemoscleras curtas) (abundante = +++; poucas = ++;
raras = +).

Contetdo relativo e
Pt. condicoes de preservacao
das espiculas

Analise taxondmica e quantificacio relativa de
cada categoria de espiculas

Raras espiculas,
1 incipientemente formadas -
e fragmentadas

Raras espiculas,
2 incipientemente formadas -
e fragmentadas

D. pydanieli: mg (+++); mi (+++); gm (+)

Abundantes espiculas, M. spinata: mga (+++); mgb (++); mi (++); gm (+)
3 inteiras e completamente 7. variabilis: mg (+++); gm (+)
formadas R. amazonensis: mg (+++); gm (+)
H. fistula: mg (+++); gml (+); gmc (+)
Poucas espiculas, D. pydanieli: mg (++); mi (++)
4 completamente formadas e M. spinata: mga (++); mi (++)
inteiras R. amazonensis: mg (+++); gm (+)

Poucas espiculas,

5 completamente formadas e  O. navicella: mg (++); gm (+)
fragmentadas
D. pydanieli: mg (+++); mi (+++); gm (+)
Abundantes espiculas, M. spinata: mga (+++); mgb (++); mi (++); gm (+)
6-10 inteiras e completamente 7. variabilis: mg (+++); gm (+)
formadas R. amazonensis: mg (+++); gm (+)

H. fistula: mg (+++); gml (+);gmc (+)




43

Figura 16 - Fotografias ao microscépio éptico das espiculas de seis espécies de esponjas
identificadas nos sedimentos da Lagoa Serra Negra: Dosilia pydanieli Volkmer-Ribeiro (1992): A.
megascleras, B. microscleras; Metania spinata (Carter, 1881): C. gemosclera; Trochospongilla
variabilis Bonetto & Ezcurra de Drago (1973): D. gemosclera; Radiospongilla amazonensis Volkmer-
Ribeiro & Maciel (1983): E. gemosclera; Heterorotula fistula Volkmer-Ribeiro & Motta (1995): F.
megasclera, G. gemosclera longa, H. gemosclera curta.
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6.2.3. Analises fisico-quimicas da agua

Os parametros fisico-quimicos das aguas da Lagoa Serra Negra e dos dois
cérregos, i.6 Bebedouro e da vazante, detectados nos dois periodos estudados séao
apresentados na Tabela 5 e Figura 17. A baixa alcalinidade detectada em todos os
pontos de amostragem, e nos dois periodos estudados, evidencia a baixa
capacidade de tamponamento da lagoa, também evidenciada pelo valor de pH,
ligeiramente acido (5,32 e 6,38; Tabela 5). Todos os pontos de amostragem
apresentaram maiores valores de DBO, em comparacao com o oxigénio dissolvido
(OD), apontando para um ambiente com baixa capacidade de degradar a M.O. por
processos biolégicos aerdbios. Estes resultados também indicaram que a
acumulacao de acidos humicos predomina, mesmo sob a influéncia das rochas
alcalinas presentes no domo.

Os valores de condutividade, turbidez, DBO e silica foram os Unicos que
mostraram diferencas significativas entre os pontos amostrados, onde o Pt. 3 e Pt. 4
foram os mais distintos (Figura 17). Os valores mais baixos desses parametros
foram detectados na St. 3 e os mais altos na St. 4. Valores mais elevados de
condutividade, turbidez e silica, e reducdo de DBO, caracterizaram o periodo de
aguas baixas. No Pt. 2, foi notavel o aumento dos valores de turbidez, silica e BDO
no periodo de agua baixa, refletindo o reduzido fluxo e respectiva acumulagdo de
residuos orgéanicos neste local. O Pt. 1 e Pt. 5, que representam, respectivamente, a
entrada e saida de 4gua no sistema da Lagoa Negra Serra, mostraram qualidade da
agua que reflete também o acumulo da turfa. No Pt. 1, esse processo é creditado ao

reduzido fluxo induzido pelo represamento da dgua no local (Figura 4).
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Tabela 5 - Pardmetros fisico-quimicos das aguas da Lagoa Serra Negra e corregos, em Patrocinio,
MG, amostrados durante os dois periodos de amostragem, e nos cinco pontos de amostragem (Pt.)
(Cond.: condutividade (uS); pH: potencial de hidrogénio; Turbid: turbidez (UNT), Silica:. silica
dissolvida (mg/L); Alcal: alcalinidade (mg/L); OD: oxigénio dissolvido (mg/L); DBO: demanda
bioquimica de oxigénio (mg/L); Temp.: temperatura (°C); Fosforo (mg/L); NitrogAmm: nitrogénio
amoniacal (mg/L); NitrogOrg: nitrogénio organico (mg/L); Profundidade (m)).

Junho/2011 (aguas altas) Outubro/2011 (aguas baixas)

Parametros Pt. 1 Pt.2 Pt.3 Pt.4 Pt.5 PL1 Pt.2 Pt.3 Pt.4 PtL.5
Cond. 8 9 5 18 10 11 9 6 21 13
pH 5,73 5,65 5,6 6,38 6,23 5,32 5,82 5,7 6,13 6,9
Turbid. 7,8 6,9 6,5 18 7,3 11 25 7 13 9
Silica 17 13 8 23 11 25 32 13 21 17
Alcal. 41 2,5 4.4 4 6 4,78 5,2 4,18 5,18 6,76
oD 54 5 5 4,6 4,8 5,2 4,8 5 5,2 5,7
DBO 13 10 11 21 8 11 21 9 14 6
Temp. 18 17 22 21 19 20 19 25 20 19
Fosforo 0,009 0,013 0,008 0,16 0,005 0,008 0,013 0,005 0,006 0,002
NitrogAmm 0,31 0,25 0,32 0,51 0,19 0,2 0,45 0,15 0,4 0,13
NitrogOrg 0,1 0,07 0,2 0,13 0,09 0,06 0,3 0,07 0,19 0,05

Profundidade 1,2 1,0 1,1 1,5 1,0 1,05 0,8 0,7 0,8 1,0
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Figura 17 - Grafico mostrando a variagdo dos parametros fisico-quimicos nos pontos de amostragem
1-5 (Pt.), na Lagoa Serra Negra e coérregos, durante os dois periodos estudados (Cond.:
condutividade (us); pH: potencial de hidrogénio; Turbid:. turbidez (UNT), Silica: silica dissolvida
(mg/L); Alcal:. Alcalinidade (mg/L); OD: oxigénio dissolvido (mg/L); DBO: demanda bioquimica de
oxigénio (mg/L); Temp:. temperatura (°C); Fosforo (mg/L); NitrogAmm: nitrogénio amoniacal (mg/L);
NitrogOrg: nitrogénio organico (mg/L); Prof.: profundidade (m)).
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7. TEXTO EXPLICATIVO DOS ARTIGOS

As analises propostas na presente tese forneceram dados para a producao de
trés artigos cientificos, corpo principal dessa tese, bem como quatro resumos
apresentados em congressos (anexos). Em primeiro lugar, vislumbrou-se o estudo
das estruturas integralmente preservadas de esponjas no Paleolago Cemitério, ou
sejam, gémulas e feixes de megascleras (Figuras 11-14). A analise taxondmica e
tafondmica dessas estruturas permitiu uma abordagem inédita no estudo de fésseis
de esponjas continentais em depositos no Brasil, e especialmente para o
Pleistoceno, cujo resultado foi apresentado em congressos em 2010 (MACHADO et
al., 2010; Anexo B) e 2011 (MACHADO et al., 2010; Anexo C), e publicado em 2013,
Artigo 1 desta tese (MACHADO et al., 2013; Cap. 1). Tais anélises contribuiram para
o entendimento de alguns condicionantes ambientais relacionados a preservacao
dessas estruturas inteiras das esponjas. Além disso, nessa mesma ocasido, foram
apresentados os resultados da datagcdo por carbono radioativo, os quais indicaram
idade de mais de 51.780 14C anos AP para a secao basal do Paleolago Cemitério
(Figura 5), datacdo absoluta confiavel mais antiga do que qualquer outra ja
registrada para depédsitos quaternarios no Brasil central.

A sequir, foi realizada uma analise espicular nos sedimentos da Lagoa Serra
Negra, que permitiu confirmar a presenca de um depdsito inédito de espiculas nos
sedimentos da area norte dessa lagoa. A analise taxon6mica indicou a presenca da
mesma comunidade de espécies que formou grandes depésitos de espongilitos
encontrados em areas vizinhas, similar, inclusive, aquela formadora do Paleolago
Cemitério (Figuras 5, 6 e 7). Além disso, o estudo dessa lagoa atual permitiu
identificar os condicionantes ambientais e geomorfoldgicos que estao favorecendo a
producgéo continua dessa comunidade particular de esponjas na Lagoa Serra Negra,
bem como a permanéncia de suas espiculas nos sedimentos de fundo, o que
auxiliou no entendimento de como teria se processado, em parte, a geracdo dos
depositos do Paleolago Cemitério. Os resultados da prospeccdo a Lagoa Serra
Negra foram previamente apresentados em Congressos em 2012 (MACHADO et al.,
2012; Anexo D) e 2013 (MACHADO et al., 2013; Anexo E), e integram o Artigo 2
desta tese (MACHADO et al., em submisséo; Cap. 2; Anexo F).

As analises sedimentoldgicas, granulométrica e teor de matéria organica,
propostas para todas as facies registradas no Paleolago Cemitério, proporcionaram
uma caracterizacdo mais precisa de cada camada desse depdésito. Além disso, as
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analises nos sedimentos do paleolago, com respeito a sua classificagdo em
espongilitos e diatomitos, bem como a presenca de gemoscleras, permitiram refinar
a quantificacao relativa das espiculas em todas as facies do paleolago, proposta
inicialmente por MACHADO et al. (2012). Esses resultados sdo apresentados no
Artigo 3 desta tese (MACHADO et al., 2014; Cap. 3), que também integra todo o
conhecimento dos fosseis de esponjas produzidos até o presente para o Paleolago
Cemitério (MACHADO, 2009; MACHADO et. al., 2012; MACHADO et al., 2013),
além do conhecimento disponibilizado em ambientes atuais de ocorréncia dessa
comunidade espongoldgica, incluindo os resultados da Lagoa Serra Negra
(MACHADO et al., em submissao; Cap. 2; Anexo F). Assim, foram extraidas dessas
analises interpretacdes paleoambientais e paleoclimaticas baseadas no registro
espongolégico do Paleolago Cemitério sem precedentes para os intervalos de tempo
(no Pleistoceno tardio) determinados nesse depésito.

Dessa forma, os dois primeiros artigos da tese disponibilizaram ferramentas
importantes que auxiliaram na constru¢cdo do terceiro manuscrito. Todos esses
dados somados permitiram identificar condicionantes chaves que favoreceram a
instalacao e evolucao da fauna espongoldgica e formagao do depédsito de espiculas
no Paleolago Cemitério, relacionados ao desenvolvimento (i) geomorfoldgico, (ii)
paleoambiental e (iii) paleoclimético, durante o final do Pleistoceno, na regidao central

do Brasil.

8. ANALISE INTEGRATIVA DOS RESULTADOS

8.1. Interpretacoes Paleoambientais e Paleoclimaticas

As idades fornecidas por MACHADO et al. (2012) e propostas no presente
tese, para as Segdbes 1 e 2, do Paleolago Cemitério, juntamente com as
caracteristicas sedimentares e das espiculas associadas, sugeriram a existéncia de
cinco fases distintas de evolucao do lago, denominadas Fases | a V, desenvolvidas
sob diferentes regimes climaticos que influenciaram a natureza do depésito, a partir

da base para o topo (Figura 18).
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8.1.1. Fases l e ll

A Fase |, mais antiga que 51.780 14C anos AP, foi formada durante altos
niveis de precipitacdo, indicados pela presenca dos diamictitos e também do
conglomerado arenoso, formados a partir de fluxos de sedimentos néo selecionados
e resultantes da erosdo do domo que se acumularam nas areas de menor
declividade (Figura 18A). Assim, a ocorréncia de maior pluviosidade teria favorecido
a formacao de um sistema Iético no sitio, dando origem ao conglomerado arenoso
basal (camada 2/3, da Secdo 1; Figura 5), que registrou apenas espiculas de
esponjas de ambientes I6ticos (Figura 5). Um processo semelhante pode atualmente
ocorrer no domo da Serra Negra, que apresenta um sistema de drenagem
centripeta. A Fase |, do Paleolago Cemitério, pode ser considerada uma etapa
intermediaria de erosao de estruturas démicas, como descrito por ALMEIDA-FILHO
et al. (2010) (Figura 18A). A incorporacao de M.O. (representada pelos clastos
organicos existentes no conglomerado basal; Figura 18), durante esta fase, indicaria
uma mudanc¢a de um clima mais arido para um mais humido.

A Fase I, datada de 51.780 = 400 14C anos AP, representaria um sistema de
lagoa, rasa, com cobertura livre de agua, intensa iluminagdo na coluna de agua,
presenca de macroéfitas dispersas e niveis de aguas estaveis (Figuras 18B e C),
como indicado pela ocorréncia da camada relativamente espessa de diatomito
contendo abundante registro de espiculas do esqueleto de esponjas (megascleras e
microscleras), particularmente de espécies tipicas de ambientes lacustres (Figura 5).
Os resultados reportados para a Lagoa Serra Negra demonstraram a presenca de
abundantes megascleras e microscleras nos sedimentos de fundo (Figuras 16A, B),
certamente favorecida pela natureza perene dessa lagoa na atualidade. VOLKMER-
RIBEIRO et al. (1998) relataram que as espécies de esponjas predominantes nos
diatomitos da regido nordeste do Brasil sdo aquelas que ocorrem em lagoas rasas,
expostas a pleno sol e movimento reduzido de agua.

Deve-se ressaltar desde ja o significativo registro da espécie
Corvoheteromeyenia australis no Paleolago Cemitério, pela primeira vez identificada
como parte da comunidade formadora de espongilito no Brasil central (MACHADO et
al., 2012). Essa espécie é atualmente endémica da Ameérica do Sul, foi descrita a
partir de material vivo coletado na Argentina, e posteriormente, registrada no sul do
Brasil (EZCURRA DE DRAGO, 1979; TAVARES et al.,, 2003). Sua ocorréncia no

Paleolago Cemitério, ao longo de todo o intervalo estudado, e sua auséncia em
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lagoas atuais do centro-oeste e sudeste do Brasil, tal como na Lagoa Serra Negra
(Figura 16), indicaria que um clima mais frio prevaleceu na regido central do Brasil
durante o periodo de formacéao do Paleolago Cemitério.

A Tabela 6 apresenta uma comparacao das interpretacoes paleoclimaticas
das distintas fases de desenvolvimento do Paleolago Cemitério com outros registros
produzidos para a regido central do Brasil. A datacdo mais antiga disponivel para
esta regiao foi apresentada por LEDRU et al. (1996), através da analise de polen e
algas depositadas na Serra do Salitre, em Patrocinio, MG, domo de origem e
constituicdo semelhante aos do Paleolago Cemitério e da Lagoa Serra Negra (Figura
1). Entretanto, LEDRU et al. (1996) basearam seus argumentos na correlagdo com
um depoésito estudado precisamente na Lagoa Serra Negra (DE OLIVEIRA, 1992),
com datagao mais antiga de 42.000 anos AP, e indicaram um clima frio e seco entre
50.000 e 40.000 anos AP. Em ambos os depdsitos, Salitre e Serra Negra, esta fase
foi seguida por uma mudanca na paisagem, a partir de 45.000 anos AP. Segundo
LEDRU et al. (1996) e DE OLIVEIRA (1992), o aumento no pdélen de arvores, com a
ocorréncia de algumas espécies originarias de clima mais frio, sugere que houve um
aumento na umidade em temperaturas baixas. A sequéncia proposta aqui para as
Fases | e Il, do Paleolago Cemitério, ndo difere substancialmente dessa
paleointerpretacdo, embora os resultados apresentados para a Fase | sugiram um
aumento na pluviosidade e umidade em periodo anterior a 51.780 14C anos AP. Um
registro apresentado por LEDRU et al. (2005), obtido em montanhas costeiras de
Sao Paulo, mostrou que a Mata Atlantica se expandiu na mesma regido durante
alguns periodos dos ultimos 100.000 anos AP, confirmando, assim, a ocorréncia de
periodos mais Umidos durante o final do Pleistoceno, como também indicado nas
jazidas do Brasil Central.

Para explicar a temperatura mais fria durante o Pleistoceno tardio, varios
autores tém sugerido que incursdes de frentes polares do sul poderiam ter sido mais
frequentes durante esse periodo (LEDRU et al., 1996; BEHLING & LICHTE, 1997;
BEHLING, 2002). Além disso, LEDRU et al. (2005) também sugeriram que essas
incursGes tiveram um impacto mais significativo sobre o clima da América do Sul
durante o ultimo periodo glacial. Isso explicaria a presenca de C. australis no
Paleolago Cemitério, bem como sua posicao biogeografica atual, com ocorréncia
restrita ao sul da América do Sul.
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8.1.2. Fase lll

A Fase lll, correspondente ao periodo que varia de 48.333 + 370 14C anos
AP a menos de 34.700 + 5.000 (MACHADO et al., 2012; Figura 18), é caracterizada
por uma sequéncia alternada de siltitos e diamictitos, exposta principalmente nas
camadas de 2 a 15, da Secédo 2, onde é finalizada por uma camada de espongilito
na porgao superior (Figuras 6 e 18D). Esta alternancia indicaria a intercalacdo de
curtos periodos de chuvas fortes, que causaram deslizamentos de terra
representados pelos diamictitos, com outros, mais longos, de sedimentacéo lacustre,
caracterizados pelos siltitos e pelo espongilito. Na verdade, MACHADO et al. (2012)
indicaram a ocorréncia rara de algumas espiculas de esponjas tipicas de ambientes
l6ticos, enquanto que as espiculas de esponjas tipicas de lagoas foram
extremamente abundantes (Figura 6). No entanto, as camadas de siltito da Se¢ao 2
se distinguem ainda das demais facies do depésito Paleolago Cemitério pelos altos
niveis de M.O. (Figura 10), bem como pela abundancia de espiculas, onde se
incluem as gemoscleras (Figura 6) .

Gémulas sao estruturas reprodutivas assexuadas produzidas pelas esponjas
de agua doce durante periodos adversos como seriam periodos de seca, onde ha
consequentemente rebaixamento, ou mesmo, ressecamento dos corpos d'agua
(FROST, 1991; VOLKMER-RIBEIRO & PAULS, 2000). A identificacao especifica das
gemoscleras do Palaeolago Cemitério revelou que as camadas 11, 12 e 15, da
Secado 2, e camada 2, da Secado 3, no topo da Fase lll, foram as uUnicas que
mostraram toda a comunidade de esponjas do palaeolago, incluindo a espécie C.
thumi, em processo de formacdo de suas gémulas (Figuras 6 e 7). Esta ultima
espécie citada s6 ocorre durante os periodos de redugdo drastica na coluna de
agua, uma vez que vive incrustada aos substratos muito proximos da superficie de
agua, assim como observado na lagoa sazonal da llha de Maraca, em Roraima
(VOLKMER-RIBEIRO, 1992). VOLKMER-RIBEIRO & TURCQ (1996) relataram que
esta espécie é um excelente indicador paleoambiental por causa de seu modo de
vida. Vérios estudos em colunas de sedimentos da Serra dos Carajas, no Para, tém
utilizado a presenca de gemoscleras de C. thumi para definir estagios sucessivos de
seca durante o Holoceno (MARTIN et al, 1992; SIFEDDINE et al., 1994;
CORDEIRO et al, 1997; SIFEDDINE et al, 2001). As gémulas integralmente
preservadas, incluindo da espécie C. thumi, precisamente nas camadas 12 e 15, da
Secao 2 (Figuras 6 e 14), corroboram com a interpretacdo proposta, referente a
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ocorréncia, nessa fase, de periodos efetivamente mais secos. Além disso, C. thumi
também indicaria um aumento na temperatura durante o desenvolvimento de Fase
lll, com estacbes secas mais quentes, pelo menos quando comparado com as
outras fases do Paleolago Cemitério. Curiosamente, Heterorotula fistula, a espécie
mais abundante nos diatomitos do nordeste do Brasil (VOLKMER-RIBEIRO et al.,
1998a), é restrita a Sec¢ao 2 (MACHADO et al., 2012).

Esta variacdao no nivel de agua do Paleolago Cemitério durante a fase |l
explicaria também o0s niveis organicos elevados nas camadas da Secao 2, entre
28% e 40% (Figura 10). Esses niveis foram semelhantes aos encontrados em
sedimentos da atual Lagoa Serra Negra, com pouco mais de 30% de M.O., em
média. No entanto, uma grande quantidade de espiculas da estrutura do esqueleto
das esponjas, as quais sao sugestivas de niveis de agua permanente e producio
continua de esponjas, tal como verificado para os sedimentos da Lagoa Serra
Negra, ocorreu apenas em uma camada fina de siltito, localizado no topo da Fase Il
(camada 13; Figura 6). Portanto, por um periodo muito curto de tempo houve
condicOes favoraveis ao desenvolvimento continuo da espongofauna, similares as
existentes hoje na Lagoa Serra Negra. Por fim, as relativas altas altitudes, comuns
ao Paleolago Cemitério e Lagoa Serra Negra, indicariam ainda que os sedimentos
turfosos da Fase lll do paleolago (Figura 18D) foram produzidos sob um microclima
semelhante, embora mais sazonal do que o atualmente registrado na Lagoa Serra
Negra.

Os resultados paleoambientais e paleoclimaticos para a Fase Ill do Paleolago
Cemitério podem ser correlacionados aos apresentados por LEDRU et al. (2005),
que sugeriram uma retracdo lenta na vegetacdo a partir de 36.700 anos AP, na
regiao de Sao Paulo. Esse periodo poderia ser correlato com a sequéncia das Fases
Il e lll do Paleolago Cemitério. Nesse sentido, a retracdo na floresta poderia ter sido
causada pela ocorréncia de periodos sucessivos de seca, como indica o registro do
paleolago. A presenca de sazonalidade durante esse periodo também foi apontada
por DE OLIVEIRA (1992) para o depdésito da Serra Negra. Em contrapartida, LEDRU
et al. (1996) constataram niveis de agua mais estaveis na bacia de Salitre entre
40.000 e 33.000 anos AP e indicaram a maior altitude de Salitre, em relagéo a Serra
Negra, como responsavel por essa distincdo. Entretanto, LEDRU et al. (1996)
apontaram uma lacuna no registro de Salitre, seguido de formacao de uma turfeira, a
pouco mais de 32.000 anos AP. Cabe destacar que DE OLIVEIRA (1992) e LEDRU
et al. (1996) indicaram um aumento de temperatura para o intervalo citado, similar
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ao inferido agora para a Fase lll do paleolago. Nesse sentido, um clima mais
sazonal e parecido com o atual foi indicado por FERRAZ-VICENTINI & SALGADO-
LABOURIAU (1996) e SALGADO-LABOURIAU et al. (1997), com base na andlise de
perfis coletados em uma Vereda (buritizal) 2 710 m de altura, na regido de Crominia,
Goias. Esses autores destacaram que antes de 32.400 anos AP uma vereda e uma
mata de galeria cresciam no local e a regiao em torno era ocupada por um cerrado
arbéreo. Ja BARBERI et al. (2000), através de analise palinolégica de uma turfeira
de Vereda, no topo de um platd (1.040 m), em Aguas Emendadas, Brasilia,
indicaram que ha 30.480 anos AP, comegou a deposicao de turfa na area.

8.1.3. Fase IV

A Fase |V, datada entre 34.700 + 5.000 e 27.500 * 4,000 anos AP
(MACHADO et al., 2012), compreende a maior parte das sequéncias expostas nas
secdes 1 (camadas de 9 a 14; Figure 5) e 3 (camadas de 4 a 13; Figure 7), além do
diatomito da Secéao 2 (Camada 16; Figure 6) (Figura 18). Diatomitos e siltitos com
abundancia de espiculas da estrutura esqueletal das esponjas séo as facies tipicas
dessa fase e evidenciam uma bacia com cobertura de agua livre e permanente,
intensa iluminagao na coluna de agua e macréfitas aquaticas dispersas (Figura 18E),
semelhante as condicoes descritas para a Fase Il do Paleolago Cemitério.
Flutuagdes na coluna de agua também ocorreram durante essa fase e ficaram
preservadas nos espongilitos e também nas camadas onde ha abundéancia de
espiculas e gemoscleras. Entretanto, esses periodos ndo podem ser comparados
em termos de magnitude aos descritos para a Fase lll, devido a auséncia de C.
thumi, espécie indicadora de periodos realmente mais secos. Além disso, a auséncia
de gemoscleras de M. spinata indicaria que essas redugdes nos niveis de agua
teriam sido minimas e rapidas, indicando o predominio de um clima mais umido e
menos sazonal. Destaca-se ainda a formacao dos diamictitos na Secao 3 durante
essa fase (Figuras 7 e 18). Porém, esses diamictitos diferenciam-se dos demais
diamictitos das Secdes 1 e 2 do paleolago, por apresentarem clastos de origem
exclusivamente organica (MACHADO, 2009). Nesse sentido, essa observacao
confirma a presenca de chuvas mais brandas durante essa fase, favorecendo,
portanto, somente a lixiviacdo de M.O. marginais as bordas do corpo d'agua para
dentro da bacia.
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Sincronicamente a Fase IV do Paleolago Cemitério (Tabela 6), DE OLIVEIRA
(1992) e LEDRU et al. (1996) indicaram um hiato nos depésitos de Salitre e Serra
Negra, provavelmente devido a eventos locais, uma vez que o resultado de Cataldo
para essa fase indicou a presenca de um periodo com niveis permanentes de agua
e, portanto, com condi¢cdes mais umidas. Esse resultado é corroborado por LEDRU
et al. (2005), que registraram a expansao da Floresta Atlantica e periodo de alta
umidade entre 30.400 e 28.225 anos AP, na regiao de Sao Paulo. Além disso, os
registros apresentados por FERRAZ-VICENTINI & SALGADO-LABOURIAU (1996) e
SALGADO-LABOURIAU et al. (1997) para o depésito de Crominia, Goias, indicaram
uma retragdo dos elementos arbdreos e arbustivos na regido, entre 32.000 e 28.300
anos AP, seguido de substituicdo da vereda por uma lagoa rasa rodeada por campo
aberto, indicando um periodo mais Umido e provavelmente mais frio do que o
presente, no intervalo de 27.000 até 20.000 anos AP. Para o perfil estudado na
turfeira de Vereda, em Aguas Emendadas, Brasilia, BARBERI et al. (2000) indicaram
que, entre 25.790 e 24.000 anos AP, graos de pdlen e microalgas indicaram a
presenca de um pantano cercado por um Cerrado aberto e manchas de florestas de
galeria no topo do platd. Além disso, entre 24.000 e 21.000 anos AP, a vegetacao
era mais densa que a atual com plantas aquaticas em abundancia e com algumas
arvores tipicas de clima mais frio, sugerindo um clima mais umido que o presente e,
provavelmente, mais frio também. Em terrenos mais baixos do Brasil central,
ALMEIDA et al. (2009) apresentaram o0s resultados de interpretacdes
paleoambientais em depdsitos de espongilito na regido de Jodo Pinheiro (altitude
média de 560 a 600 m), em Minas Gerais. De acordo com a composi¢do de
espiculas e da comunidade espongologica identificada, os autores descreveram o
desenvolvimento dessas paleobacias a partir de 28.166 anos AP. Em periodo
anterior, indicaram o inicio da bacia sobre um leve aprofundamento do terreno,
formando uma lagoa rasa e primeiramente favoravel ao desenvolvimento de
diatomaceas. Essa fase foi procedida por um periodo mais favoravel a colonizacao
das esponjas, principalmente de M. spinata, e sem formacdo de gémulas, o que
levou os autores a indicar que, paralelamente ao aprofundamento da lagoa, houve
um aporte maior de chuvas em um clima um pouco mais frio € menos sazonal. Apés,
entre 26.656 e 26.206 anos AP, os autores destacaram uma redugao no nivel da
agua, devido a presenca de gemoscleras, e indicaram a ocorréncia de periodos com
estacdes curtas de seca e chuva, mas sem carater de enxurrada. Dessa forma,

esses resultados corroboram basicamente com os apresentados para a Fase IV do
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Paleolago Cemitério. Cabe salientar que ALMEIDA et al. (2009) indicaram idade
entre 14.495 e 13.887 anos AP para as camadas de espongilito "puro" dos depdsitos
de Joao Pinheiro, ndo permitindo, assim, uma correlagdo desse com os espongilitos

do deposito Paleolago Cemitério.
8.1.4. Fase V

A Fase V pode ser considerada com idade inferior a 27.500 + 4,000 anos AP
(MACHADO et al., 2012), e caracteriza-se por facies de siltitos, amostradas somente
no topo da Secéo 1, referentes as camadas 15 a 18 (Figuras 5 e 18). O conteudo de
matéria organica aumenta, em contrapartida, as espiculas de esponjas diminuem até
a sua completa auséncia. Essa fase evidencia a colmatacao do paleolago, com o
completo preenchimento da bacia (Figura 18F), e pode ser correlacionada ao Ultimo
Maximo Glacial (UGM), que ocorreu entre cerca de 25.000 e 11.000 anos AP,
conforme indicado por LEDRU et al. (1996; 2005), onde condicbes mais secas e

frias predominaram na regiao sul e central do Brasil.
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Sec¢ao 3
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Entre
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34.700 £5.000 anos AP

Fase IV

Fase Il

48.333 1 370 14C anos AP
61.780 £ 400 14C anos AP

Fase I

>51.780£ 400 14C anos AP

Fase |

|:| Frio e chuvoso |:| Frio e imido |:| Sazonal e esquentando gradualmente - Frio e seco

Legenda
Conglomerado arenoso # Espongilito
[] Diamictitos /# Abundantes espiculas de esponjas de ambientes Iénticos
Silti_tgs . oy Seixos e granulos / Poucas espiculas de esponjas de ambientes lénticos
Argilito siltico e © ™ A . 7 Raras espiculas de esponjas de ambientes I6ticos
Diatomito «®e Seixos e granulos organicos )
L ¢ Fibras de megascleras
Espongilito == Lentes arenosas R
S Gémulas
% Macrofésseis de plantas % Gemoscleras
b4+ Paleossolos "\, gemoscleras de C. thumi

Figura 18 - Perfis litoestratigraficos do Paleolago Cemitério, Cataldo, Goids, mostrando as
interpretacoes e as correspondentes etapas da evolugéo (i) geomorfologica da estrutura do domo (A
e B, conforme ALMEIDA-FILHO et al., 2010), (ii) paleoambiental (C-F, modificado de SHOTYK, 1988)

e (iii) paleoclimatica (Fases I-V), abrangendo a formagdo da bacia, seu desenvolvimento e
colmatacao final.
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Tabela 6 - Interpretagbes da evolucdo climatica ao longo das cinco fases (I-V) detectadas no
Paleclago Cemitério, em comparacdo com as j4 apresentadas para as regides Centro-oeste e
Sudeste do Brasil.

Idade Fase Facies Interpretacao Comparacao com a literatura
- 51780 + Ca(;nagasj e1?/3
400 14C I c a>e6ao 1, Frio e chuvoso -
anos AP amaqa 1da
Secéo 2
Clima frio e seco entre 50.000 e
Camadas 4 e 5 40.000 anos AP em Salitre (L_EDRU et
51.780 + da Secio 1: al., 1996).Um aumento na umidade em
400 14C Il Camada 1 d’a Frio e imido baixas temperaturas, a partir de
anos AP Secéo 3 45.000 anos AP, foi indicado em
Salitre e Serra Negra (DE OLIVEIRA,
1992; LEDRU et al., 1996).
Uma lenta diminuicdo na vegetacéo a
partir de 36.700 anos AP em S&o
Paulo (LEDRU et al., 2005);
Sazonalidade durante este periodo em
Serra Negra (DE OLIVEIRA, 1992);
E Camadas 6,7 e 8 Niveis estaveis de agua na bacia de
ntre 48.333 = .
+370 e da Secéo 1; Sazonal e Salitre entre 40.000 e 33.000 anos AP
34.700 + I Camadas 2-15 esquentando (LEDRU et al., 1996). No entanto,
) - da Secéo 2; d ambos os registros (DE OLIVEIRA,
5.000 14C gradualmente
Camadas2e 3 1992; LEDRU et al., 1996) relataram
anos AP >
da Secgao 3 um aumento na temperatura durante
este periodo. Um clima mais sazonal é
sugerido entre 32.000 e 28.300 anos
AP em Crominia (FERRAZ-VICENTINI
& SALGADO-LABOURIAU, 1996 e
SALGADO-LABOURIAU et al., 1997).
Expansao da Mata Atlantica e alta
umidade no periodo compreendido
entre 30.400 e 28.225 anos AP, na
regido de Sao Paulo (LEDRU et al.,
2005); presenga de um lago raso
rodeado por uma paisagem aberta em
Camadas 9-14 Crominia, entre 27.000 e 20.000 anos
Entre 34.700 da Secio 1- AP, apontando para um periodo mais
+5.000 e a segao 1, umido e frio quando comparado com o
Camada 16 da . . 9 P
27.500 v Secio 2; Frio e umido presente (FERRAZ-VICENTINI &
4.000 anos Camadas 4-13 SALGADO-LABOURIAU, 1996 e
AP d = SALGADO-LABOURIAU et al., 1997);
a Secao 3 o ;
0 mesmo foi indicado para Aguas
Emendadas entre 24.000 e 21.000
anos AP (BARBERI et al., 2000).
Maior pluviosidade em um clima um
pouco mais frio e menos sazonal entre
28.166 e 26.206 anos AP na regido de
Joao Pinheiro (ALMEIDA et al., 2009).
Condigdes frias e secas na regiao sul
<27.500 = Camadas 15-18 e central do Brasil durante o Ultimo
4.000 anos \ da Secao 1 Frio e seco Maximo Glacial (UMG), a partir de
AP 25.000 anos AP (LEDRU et al., 1996;

2005).




58

8.2. Génese da acumulacao biosilicosa do Paleolago Cemitério

As camadas de espongilito do sudeste do Brasil (VOLKMER-RIBEIRO &
MOTTA, 1995; VOLKMER-RIBEIRO et al, 1998a; ALMEIDA et al., 2009), sao
espessas, contendo na base espiculas de M. spinata, com contribuicdo também das
espécies D. pydanieli e H. fistula e, acima, em transicao para a camada de turfa, T.
variabilis e R. amazonensis. Na camada do topo, turfacea, vem a somarem-se as
espiculas de C. thumi e gemoscleras de todas as seis espécies. As camadas de
espongilito do Paleolago Cemitério sdo finas e acrescidas de C. australis, enquanto
C. thumi e H. fistula ocorrem apenas no espongilito da Camada 15, na Secéao 2,
essa com excepcional presenca de gémulas inteiras (Figura 6). VOLKMER-RIBEIRO
& MOTTA (1995) atribuiram a génese da camada mais basal dos depdsitos de
espongilito, a um paleoambiente mais profundo com maior abundancia de macrdéfitas
submersas, substrato preferencial de M. spinata (VOLKMER-RIBEIRO, 1999), o que
aparentemente ndo ocorreu durante a evolucao do Paleolago Cemitério. A auséncia
de diatomaceas nas camadas de espongilito, como também constatado no
Paleolago Cemitério, é caracteristica comum a essas jazidas e ocorre justamente
devido justamente a abundancia de macréfitas que impede a penetracdo de luz na
coluna de &gua, essencial as diatomaceas, organismos fotossintetizantes. No
entanto, a presenca de espiculas de esponjas é comum em camadas de diatomitos
(MOURA, 1958; VOLKMER-RIBEIRO et al, 1998a; PISERA & SAEZ, 2003;
STUBBLEFIELD, 2012). Dessa forma, a alternancia de camadas de diatomitos e
espongilitos no depdsito Paleolago Cemitério evidencia variagdes da permanéncia
dos niveis de agua, propiciando menor ou maior estabelecimento de vegetacao
macrofitica e, concomitantemente, maior ou menor penetracao da luz.

A diminuicdo na disponibilidade de agua da Fase | para a Fase Il, o qual
favoreceu as diatoméaceas, teve significativo efeito no estabelecimento do ambiente
léntico no interior do domo de Catalao I. Essa interpretacéo ja havia sido inferida
para bacias favorecedoras do acumulo de frastulas no nordeste do Brasil
(VOLKMER-RIBEIRO et al., 1998a). Além disso, MOYLE & DOLLEY (2003) citaram
que os diatomitos de areas continentais nos E.U.A também estdo associados a
pequenos sistemas lacustres formados pelo barramento de sistemas |6ticos.
ALMEIDA et al. (2009), ao comparar as espécies de esponjas em dois perfis de
lagoas com depdsitos de espongilito na regidao de Joao Pinheiro, MG, confirmaram
os resultados apresentados por VOLKMER-RIBEIRO et al. (1998a) e, acrescentaram
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que no caso de ambientes carsticos, o processo de formacdo de paleolagoas
favorecedoras da producédo de diatomaceas ocorreria pela dissolu¢do lenta da rocha
carbonatica, sem implantacao imediata de macréfitas, mas sim de um lencol raso e
exposto ao sol. No caso dos espongilitos, o processo carstico envolvido seria o de
solapamento do fundo de lagoas, gerando, portanto, bacias inicialmente mais
profundas. Nao resta duvida que os ambientes Ibticos, intensamente registrados
durante a Fase | (Figura 19A), contribuiram com o grande volume das aguas e,
consequentemente, para o aumento do intemperismo fisico e quimico das rochas do
fundo, o qual é tipico de lagos carsticos, conforme ja havia sido indicado por
MACHADO et al. (2012).

A disponibilidade da silica é importante fator para a formacao das espiculas
de esponjas (JORGENSEN, 1944), bem como para as frastulas de diatoméaceas
(MOYLE & DOLLEY, 2003). Destaca-se os altos niveis de silica dissolvida na agua
verificados na Lagoa Serra Negra (8 a 32 mg/L; Tabela 5), certamente derivados do
intemperismo das rochas vulcanicas do domo. PISERA & SAEZ (2003), que
descreveram Ephydatia chileana PISERA & SAEZ (2003) a partir de gémulas
integralmente preservadas em camada de diatomito em depdsito lacustre-aluvial do
Final do Mioceno da Formacao Quillagua, na regido do Atacama, Chile, atribuiram o
alto conteudo de silica no ambiente lacustre a origem vulcanica dos sedimentos, o
que teria favorecido assim o desenvolvimento das diatomaceas e das esponjas de
agua doce. MOYLE & DOLLEY (2003) indicaram que os depésitos de diatomito da
América do Norte geralmente estdo associados a terrenos vulcanicos, que
promoveram, assim, 0 aporte necessario de silica para o desenvolvimento das
diatomaceas. Nesse sentido, BARBOSA et al. (2012) reportaram que as rochas da
Provincia ignea do Alto Paranaiba s&o ricas em minerais silicatados. Dado que os
depodsitos piroclasticos e as lavas desta provincia também cobriram grandes areas
do Grupo Mata da Corda (GIBSON et al, 1995; SEER & MORAES, 1988), é
razoavel inferir que estas rochas foram, e ainda sdo, uma importante area fonte de
silica para os ambientes aquaticos circundantes, como sdao as do Grupo Areado,
como bem indicado por ALMEIDA et al. (2010). Cabe destacar que as rochas da
Provincia ignea do Alto Paranaiba estdo localizadas entre as Bacias do Parana e
Sao Francisco, um dos mais importantes divisores de dgua do Brasil (Figura 1).

HILGEN & KRIJGSMAN (1999), ao estudarem a Formacao diatomito Tripoli,
em trés depdsitos distintos na Sicilia, Italia, datados astronomicamente de 7.005 Ma,
destacaram a ocorréncia intercalada de argilas/margas (calcéario), diatomitos e
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camadas de sapropéis (sedimentos ricos em carbono organico), e notaram uma
relacdo muito forte entre sapropéis e diatomitos, relacionando a disponibilidade de
nutrientes no sapropel como de suma importancia para a producao intensa de
diatomaceas e, assim, para formagao dos diatomitos. Nesse sentido, a diminuicao
da coluna de agua durante a formacdo dos espongilitos no Paleolago Cemitério
favoreceu o acumulo de matéria organica e suprimento de nutrientes para consumo
futuro das diatomaceas, assim que novos aportes de chuva ocorressem. MOYLE &
DOLLEY (2003) afirmaram que nutrientes como fosfatos e nitratos séo
disponibilizados na coluna de agua quando organismos morrem e sao decompostos
no fundo da lagoa. Esse fato explicaria a presenca de diatomitos e espongilitos no
Paleolago Cemitério, seja intercalando-se uns aos outros, como no caso das
camadas 7, 8 e 9, da Secao 3 (Figura 7), ou mesmo em uma Unica sequéncia, como
nas camadas 15 e 16, na Secao 2, onde um espongilito passa gradualmente a um
diatomito (Figura 6).

Com respeito a necessidade das diatomaceas pela luz solar, é interessante
ressaltar que a formacao dos diatomitos esta ligada as fases mais Umidas do
Paleolago Cemitério (Fases Il e IV; Figura 19), o que indicaria, em termos
atmosféricos, uma maior cobertura de nuvens e menor tempo de exposi¢cao solar.
Entretanto, organismos fotossintéticos como as diatomaceas ndo teriam produzido
tal depdsito sem que houvesse uma plena luz incidindo sobre a coluna de agua do
paleolago. Nesse sentido, HILGEN & KRIJGSMAN (1999) destacaram uma
correlacdo muito explicita entre os periodos de deposicdo dos sapropéis e
diatomitos com padrbes de insolacdo maxima e precessao minima, particularmente
no Hemisfério Norte. Interessante destacar que as duas principais fases de
formacao dos diatomitos no Paleolago Cemitério foram datadas (camada 5, da
Secao 1, Fase Il, 51.780 + 400 14C anos AP; camada 16, da Secao 2, Fase IV,
posicionada entre 31.500 e 29.700 anos AP, a partir da sobreposicao dos erros das
datacbes obtidas por TL e OSL) e mostraram uma periodicidade de cerca de 20 a
22.000 anos, coincidindo assim com a duracdo de um ciclo completo de precessao,
de cerca de 20.000 anos (BERGER & LOUTRE, 1991). BERGER & LOUTRE (1991)
produziram valores dos parametros astrondmicos da 6rbita da Terra, excentricidade,
obliquidade e precessao, também para o Quaternario. Particularmente a respeito do
ciclo de precessao, as ilustracées disponibilizadas pelos autores mostram valores
maximos pouco antes de 50.000 anos AP. Posteriormente, a cerca de 30.000 anos

AP, os valores de precessao voltaram a aumentar, atingindo 0 seu maximo pouco
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antes de 20.000 anos AP. Dessa forma, no caso de frequentes nuvens e menor
tempo de insolag&o, a ocorréncia de um evento orbital de aumento na intensidade
solar no Hemisfério Sul, como o que ocorre durante a maxima precessao, poderia ter
compensado o excesso de nuvens do intervalo chuvoso, favorecendo deste modo, a
formagdo dos diatomitos durante as Fases Il e IV de evolucdo do Paleolago

Cemitério.

9. CONSIDERAGCOES FINAIS

Os resultados obtidos atingiram os objetivos propostos e aportaram dados
inéditos que, cremos, vém contribuir para o acréscimo de conhecimento ndo s6 na
paleontologia, mas também, na zoologia, na biosedimentologia e na caracterizacao
de ambientes Iénticos continentais, configurando assim uma pesquisa de carater
interdisciplinar.

Na area da paleontologia, foco central da presente tese, obteve-se o primeiro
registro de fdsseis inteiros de esponjas continentais em depédsitos no Brasil. O
Paleolago Cemitério destaca-se dos demais depdsitos conhecidos a nivel mundial
pela incrivel quantidade de gémulas integralmente preservadas. Além da
identificacdo realizada, que confirmou a presenga de uma comunidade
espongolégica realmente autéctone desse depdsito, o estudo tafondmico indicou os
provaveis condicionantes favorecedores dessa rara preservagao.

As datacbes absolutas obtidas no Paleolago Cemitério, a partir de um
fragmento de samambaia carbonificada, de 51,780 + 400 'C anos AP, e de um
fragmento de folha de angiosperma mumificada, de 48.333 + 400 14C anos AP, séo
as mais antigas ja propostas em depdsitos do Brasil central, aonde poucas
chegaram a atingir 40.000 anos AP (DE OLIVEIRA, 1992; LEDRU et al., 1996,
FERRAZ-VICENTINI & SALGADO-LABOURIAU, 1996, SALGADO-LABOURIAU et
al., 1997). Além disso, por se tratar de um depdsito praticamente completo, datado
entre 27.500 + 4.000 anos AP a mais de 51.780 + 400 14C anos AP, foi possivel
estabelecer paleointerpretagdes altamente especificas, ao longo de cinco fases
sucessivas: Fase | (> 51.780 + 400 14C anos AP), paleoambiente lético, periodo frio
e chuvoso; Fase Il (51.780 + 400 14C anos AP), paleoambiente Iéntico, periodo frio
e umido; Fase Il (entre 48.333 £ 370 e 34.700 = 5.000 14C anos AP),
paleoambiente |éntico com formacgédo de turfeira, periodo sazonal e esquentando
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gradualmente; Fase IV (entre 34.700 = 5.000 e 27.500 + 4.000 anos AP),
paleoambiente Iéntico, periodo frio e umido; e Fase V (< 27.500 £ 4.000 anos AP),
colmatacao da lagoa, periodo frio e seco.

A comparagao dos dados pretéritos, advindos do Paleolago Cemitério, com os
dados atuais, obtidos através do estudo da Lagoa Serra Negra, foi altamente
significativa, ndo s6 para a interpretacdo dos paleoambientes que se sucederam ao
longo do depdsito, mas particularmente dos paleoclimas, onde pelo menos duas
espécies de esponjas mereceram ser destacadas como boas indicadoras climaticas:
Corvoheteromeyenia australis e Corvomeyenia thumi. No caso de C. australis, a
presente tese propde que essa espécie seja utilizada em trabalhos
paleointerpretativos, principalmente em sedimentos na regido central do Brasil e
durante o Quaternario, como indicadora de clima mais frio e menos sazonal, em
virtude de sua distribuicao atual, restrita ao sul da América do Sul (da Argentina ao
sul do Brasil). Esse contexto biogeografico de C. australis ainda corrobora com uma
hipotese ja sugerida anteriormente por LEDRU et al. (1996), BEHLING & LICHTE
(1997) e BEHLING (2002), que incursdes polares originarias da Antartica foram mais
comuns durante o Pleistoceno tardio e podem ter desempenhado um papel
significativo ndo s6 no rebaixamento das temperaturas, mas também na manutencao
da umidade no Brasil central. No caso do Paleolago Cemitério, os dados indicaram
que essa condicao paleoclimatica predominou durante dois periodos de deposicao
do paleolago, o primeiro datado de 51.780 + 400 14C anos AP (Fase Il) e o segundo
datado de cerca de 34.700 £ 5.000 até o inicio do UMG (Fase IV), ha cerca de
25.000 anos AP, quando condicdes mais secas comecaram a predominar. Por outro
lado, Corvomeyenia thumi aparece novamente como uma indicadora de ambientes
sujeitos a extrema sequia sazonal, como previamente indicado por VOLKMER-
RIBEIRO & TURCQ (1996). Nesse sentido, sua utilizacdo como ferramenta
paleointerpretativa € altamente recomendavel, como bem determinando nos
trabalhos disponiveis na bibliografia (MARTIN et al., 1992; SIFEDDINE et al., 1994;
CORDEIRO et al.,, 1997; SIFEDDINE et al., 2001) e agora para o Paleolago
Cemitério. A restricao de C. thumi a porcao superior da Fase lll, de idade um pouco
mais antiga do que 34.700 (+ 5.000) anos AP, sugere a ocorréncia de um clima mais
sazonal para este intervalo de deposicao.

O Paleolago Cemitério foi formado sobre rochas carbonaticas, assim como
foram as paleobacias onde se formaram as grandes jazidas de espongilito do
sudeste brasileiro (VOLKMER-RIBEIRO & MOTTA, 1995; ALMEIDA et al., 2009).
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Entretanto, os espongilitos do paleolago assemelham-se somente com as camadas
do topo dessas jazidas de espongilito, por constituirem-se em facies finas, muito
contaminadas com residuos orgéanicos e, além disso, por serem formados por
espiculas de todas as espécies encontradas nesses depodsitos. Essa distincao é
provavelmente consequéncia de uma génese diferenciada no Paleolago Cemitério,
mais similar a descrita na bibliografia para a génese de paleobacias contendo
diatomitos (VOLKMER-RIBEIRO et al., 1998a; ALMEIDA et al., 2009). Dessa forma,
em vez de colapsos abruptos, que resultariam inicialmente em bacias profundas, o
paleolago teria sido formado pela interrupcao na alimentagao hidrica no sistema, da
Fase | para a Il, com consequente acumulo de matéria organica e instalacdo de
processo carstico lento e gradual de redugédo no volume da rocha, causando um
rebaixamento do relevo. Esta corresponde a uma das hip6teses sugeridas por
RIBEIRO et. al. (2001) para a génese da “Paleolagoa Seca”, outro depdsito lacustre
também localizado no Complexo de Catalao I.

O Paleolago Cemitério destacou-se como um depdsito notavel, sendo o unico,
no Brasil e no mundo, a ilustrar a formagdo de espongilitos e diatomitos em uma
mesma bacia. Na presente tese foi possivel confirmar os condicionantes ambientais
que teriam sido mais favorecedores para o desenvolvimento e acumulo das
esponjas ou das diatomaceas. Conforme ja havia sido indicado na bibliografia, estes
estariam relacionados aos contextos geomorfolégicos (MOYLE & DOLLEY, 2003;
PISERA & SAEZ, 2003; MOTTA et al., 1986; SOUZA et al., 1988; VOLKMER-
RIBEIRO et al, 1998a; ALMEIDA et al., 2009), paleoambientais (VOLKMER-
RIBEIRO & MOTTA, 1995; VOLKMER-RIBEIRO et al., 1998b; MOYLE & DOLLEY,
2003; ALMEIDA et al, 2009), paleoclimaticos (VOLKMER-RIBEIRO & MOTTA,
1995; SOUZA et al., 2007; ALMEIDA et al., 2009) e, em relagdo aos diatomitos, até
orbitais (HILGEN & KRIJGSMAN, 1999). De fato, tais condicionais alternaram-se ao
longo da evolugédo do Paleolago Cemitério e favoreceram a formacao de ambos os
depositos, disponibilizando assim dados importantes para futuras pesquisas na area
da biossedimentologia. Nesse sentido, pesquisas sobre a formacao de espongilitos e
diatomitos, e talvez de ambos os depdsitos em uma mesma bacia, podem ter mais
éxito quando associadas a paleobacias (i) Iénticas, formadas (ii) sob influéncia de
rochas vulcanicas (iii) durante as variacdes climaticas do Pleistoceno-Holoceno.

Na area da Zoologia, destaca-se que dentre as gémulas integralmente
preservadas no depésito Paleolago Cemitério, estavam as de Heterorotula fistula,
uma espécie descrita s6 por espiculas soltas em depédsitos de espongilitos no
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sudeste do Brasil (VOKMER-RIBEIRO & MOTTA, 1995), confirmando assim o status
da espécie. Gémulas preservadas sao testemunhos da existéncia de espiculas
formadas numa estrutura que ja foi viva e, portanto, indicadoras de existéncia dessa
espécie. Por outro lado, espiculas de H. fistula (megascleras, gemoscleras longas e
curtas) foram encontradas nos sedimentos atuais da Lagoa Serra Negra e apontam
agora para que se tenha uma continuidade da pesquisa nessa lagoa a fim de se
detectarem espécimes vivos, visando uma descricdo completa da espécie.

Os resultados da analise taxondmica das espiculas nos sedimentos da Lagoa
Serra Negra indicaram a presengca de uma comunidade espongolégica bem
adaptada e estabelecida nessa lagoa, integrada pelas espécies Dosilia pydanieli,
Metania spinata, Radiospongilla amazonensis, Trochospongilla variabilis e
Heterorotula fistula. Essa mesma comunidade foi indicada por VOLKMER-RIBEIRO
(1999) como tipica de lagoas do Bioma Cerrado, com base na ocorréncia dessa
comunidade, com excecao de H. fistula, em lagoas situadas no eco6tono Bioma
Cerrado/Floresta Amazodnica, na distribuicAo de cada uma dessas espécies no
Brasil, e ainda no fato dessa comunidade ter formado os grandes depdésitos de
espongilitos no sudeste brasileiro. Portanto, esse é o primeiro registro dessa
comunidade atualmente viva em lagoa situada na area de abrangéncia do Bioma
Cerrado, na regido central do pais, confirmando assim a relacao dessa comunidade
com sistemas lénticos desse Bioma.

Para finalizar, a prospeccao realizada na Lagoa Serra Negra veio a contribuir
com um aporte de conhecimentos sobre um corpo de agua Iléntico com
caracteristicas ambientais impares em um dos principais biomas do Brasil, o
Cerrado, caracterizado como uma turfeira do tipo fen, minerotréfica, com importante
contribuicdo dos arroios circundantes e habitat de uma comunidade espongoldgica

também Unica.
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ABSTRACT - Entire structures of freshwater sponges are rare in the paleontological record and no register existed for the
Pleistocene. A previous study of the spicules of such sponges composing pleistocenic strata of the Cemiténio Paleolake, Brazil,
led fo the discovery of several in sifu preserved gemmules. The present research aimed fo 1dentify the sponge species which
produced these gemmules, their relationship to the already described spicules found in the lake strata and enter a taphonomic
enquiry towards the factors which would have led to this remarkable preservation. The materials were mounted for analysis at
SEM. The gemnmles pertain to the extant species Corvoheteromeyenia australis, Dosilia pydanieli, Radiospongilla amazonensis
and Corvomeyenia thmi. Young gemmules of Heteroromula fistula, a sponge known only from loose spicules in spongillite
deposits were also detected and are for the first tume figured. confirming the species status. Two factors would have favored this
exceptional genmmlar preservation. The abundance of young gemmmiles indicates short immersion periods, which led to the incipient
development of pneumatic coats, impairing their buoyancy and accelerating deposition in the lake bottom. Algal blooms, formed
next with probable heat and desiccation would have provided an elastic but consistent crust over the recently deposited germmules.
preventing their dismantling. Radiocarbon dating of the basal-most layer indicated an age of more than 53,780 “C years BP.

Key words: freshwater sponges, taphonomy, lacustnine deposit, carbonafite complex, Brazil.

RESUMO — Estruturas inteiras de esponjas continentais s3o raras no registro paleontologico e nenhum para o Pleistoceno.
Um estudo anterior de espiculas dessas esponjas confidas em depositos pleistocénicos do Paleolago Cemiténio. Cataldo.
Goias. Brasil, levou a descoberta de diversas gémmlas preservadas i sifu. Este trabalho wisa identificar as esponjas que
produziram essas gémulas e a sua relacio com as espiculas ja descritas para os mesmos estratos do lago, além de abordar
os processos tafondmices que induziram essa excepelonal preservacgdo. Os materiais foram montados para analise ao MEV.
As gémulas pertencem as especies atuais Corvoheferomeyenia ausiralis, Dosilia pydanieli, Radiospongilla amazonensis e
Corvomeyenia thumi. Génmlas jovens, inteiras de Heterorotula fistula. wma esponja conhecida s6 por espiculas soltas em
depositos de espongilifos, foram também detectadas e pela primeira vez ilustradas, confirmando o sfatus da espécie. Dois
fatores teriam favorecido essa rara preservacdo de gémulas. A abundincia de génmlas jovens aponta para periodos curtos de
imersdo, responsavels pelo desenvolvimento precirio das camadas pneumaticas, prejudicando a flutuacdo dessas gémulas e
acelerando seu deposito no fundo do lago. Uma provavel coberfura poruma capa de algas, formada em seguida, devido ao calor
e a dessecacio. forneceu uma crosta elistica, mas consistente, que cobriv as génmilas recentemente depositadas, impedindo
sua desagregacdo. Datacdo por carbono radioativo indicou idade de mais de 53.780 anos C AP para a secio mais basal.

Palavras-chave: esponjas de agua doce, tafonomia, deposito lacustre, complexo carbonatitico, Brasil

INTRODUCTION

Preserved structures of freshwater sponges are rare in the
geological record. Eospongilla morrisonensis Dunagan, 1999
from the Morrison Formation, Late Jurassic in age, Colorado,
USA, 1s the oldest one known. However 1ts fossil remains
present only loose spicules and absence of gemmules. Ott &
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Volkheimer (1972) described Palaeospongilla chubutensis
from early Cretaceous rocks of the Chubut Formation,
Argentina. Volkmer-Ribeiro & Reitner (1991) demonstrated
that the original description of P chubutensis was done
upon the epizoic associations of two species of freshwater
sponges: P. chubutensis and the new species Spongilla
patagonica. They described the preserved skeletal reticulum,
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the oocytes and gemmules of P chubutensis, type species of
the monotypic and sole genus placed by them i the new fossil
family Palaespongillidae. Also described were the gemmules
and gemmoscleres of §. patagonica, which was placed by the
authors 1n the actual fanuly Spongillidae.

Miiller ef al. (1982) described and illustrated, upon one
single entire gemmule, Spongilla gutenbergiana Miiller, Zahn
& Maidhof 1982 from middle Eocene rocks of the Darmstadt
Formation, early Tertiary in Germany. The species was
next improperly transferred to genus Ephydatia by Richter
& Wuttke (1995) who did not work on the fossil material
onginally described as S. gutenbergiana, but on new materials
corresponding to loose gemmoscleres, not declared to belong
to the same sediment where 5. gutenbergiana was found. Also
improperly described are the illustrated gemmoscleres, which
certamly belong to genus Ephydatia, but represent young
gemmoscleres, misinterpreted as corroded or malformed
gemmoscleres. The empty onfices contained the silicatein soft
filaments on the way to form the shaft spines and rotules but not
preserved during the fossilization process. This misinterpretation
leads to the conclusion that the described gemmoscleres
would show larger dimensions when fully developed. Also
lost 15 the interpretation that due to this mcipient formation
the environment was subjected to a sudden water reduction
at the time of the gemmule formation. The conclusion is thus
apparent that two species of freshwater sponges mayv be taken
into consideration respecting the Eocene rocks of the Darmstadt
Formation, i.e.. S. gutenbergiana and Ephydatia sp.

Oanly two fossil species with entire structures were
described from the Miocene: Oncosclera kaniensis
Matsuoka & Masuda. 2000 (family Potamolepidae) from
the Nakamura Formation, central Japan, and Ephydaria
chileana Pisera & Saez, 2003 (fanuly Spongillidae) from the
Quillagua Formation, Atacama region, Chile. Fully preserved
gemmuliferous specimens of O. kaniensis encrusted single as
well as articulated valves of the freshwater mollusc Anadonta
sp. besides compressed and uncompressed wood fragments.
E. chileana missed preserved skeleton fibers and was
described upon only preserved gemmules.

Harrison & Warner (1986) identified gemmules of
genus Anheteromeayenia (family Spongillidae) in Holocene
sediments dated as 9,400 years BP, from Graham Island, the
Queen Charlotte Archipelago, British Columbia, Canada. Pals
et al. (1980) refer, but do not describe, gemmules i Holocene
deposits (750-600 BP) in Noord-Holland, Europe.

The detailed study (Machado et al., 2012) of conspicuous
amounts of spicules preserved in Pleistocene sediments of the
Cemitério Paleolake, Catalio. Goias. Central Brazil. took to
the finding that seven species of freshwater sponges lived
1n the lake and contrbuted to the formed deposits: Metania
spinata (Carter, 18381), Dosilia pydanieli Volkmer, Ribeiro
1992, Radiospongilla amazonensis Volkmer-Ribeiro &
Maciel, 1983, Trochospongilla variabilis Bonetto & Ezcurra
de Drago. 1973, Corvomeyenia thumi (Traxler, 1895),
Heterarotula fistula Volkmer-Ribeiro & Motta, 1995 and
Corvoheteromeyenia australis (Bonetio & Ezcurra de Drago,
1966). These species were seen o compose distinct sponge

assemblages along the 25 spongofacies found in the lake
sediments. These past sponge communities partially conform
to the actual ones described by Volkmer-Ribeiro (1999) for
lakes and bogs within the Cerrado Biome in Brazil.

Several entire gemmules were also detected mn some of the
lake strata but saved for a spectfic study. These results are here
presented altogether with the relationship of the gemmules
with the loose spicules previously identified (Machado ef al .
2012) 1n the lake strata. The tafonomic processes mvolved
in this remarkable preservation are focused. The resulting
register is the first one for Brazil and for the whole Pleistocene.

STUDY AREA

The Cemitério Paleolake outcrop, Catalio, Goias (18°08°S,
47°08"W). conforms a continuously exposed lacustrine deposit,
which took place 1n a depression at the central part of the Catalio
I Carbonatite Complex (Figures 1. 2). The sedimentary rocks
lie discordantly on a dome of magmatic carbonatite (Ribeiro
et al., 2001). The outcropping area composes a sub-circular
plateau of 27 km?, with the NS and EW axes measuring 6 and
5.5 km, respectively. The average elevation 1s 900 m. rising
100 m above the surrounding land. The centre of the complex
1s dommnated by a body of carbonatite, while the outer portions
consist of ultramafic rock. Apatite, pyrochlore, monazite,
anatase and vermiculite are the mam mineral resources m the
complex (Azzone & Ruberti, 2010), but only the first two are
currently subject to mining. There are also noteworthy deposits
of phosphate and niobium being mined.

The rocks of the Cataldo region are included i the 1gneous
province of the Upper Paranaiba (Figure 1), laying between
the Parana and Sio Francisco basins (Gibson ef al . 1995).
In this same region, there 1s an elongated structure extending
NW-SE, the Upper Paranaiba Arch. whose uplift began in the
early Cretaceous and mtensified duning the late Cretaceous.
This igneous basin was established as a result of intense
alkaline mafic-ultramafic and ultrapotassic magmatism
generating intrusive (dikes. pipes, diatremes and plutonic
complexes) and extrusive (lava and pyroclastic) bodies.
According to Gibson er al. (1995), the alkaline rocks of tlus
province include, among others. kamafugites, kimberlite,
lamproite and carbonatite complexes. The carbonatite
complexes of the Upper Paranaiba include Serra Negra, Salitre
I and T, Araxa and Tapira in the state of Minas Gerais, and
the Catalio complexes [ and II, at the northernmost of the
Province, 1n the state of Goias (Figure 1).

Ribeiro et al (2001) suggested two hypotheses for the
genesis of the “Dry Paleolake.” a deposit located in the same
Catalio I complex and similar to the Cemitério Paleolake.
The first would do with the formation of dolines upon the
leaching of the underlying carbonatite and phoscorite,
thereby decreasing the volume of the basement rock by up
to five times. Also under consideration by the authors were
small-scale localised collapses causing subsidences. Both
hypotheses point to the appearance of the lakes as a result
of erosion occurring in an area of carbonatic basement rocks
under the action of karstic processes.
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Figure 1. Geological map of the Alto Paranaiba lgneous Province, signaling the alkaline-carbonatite plutonic complex of Catal3o | (Cataldo,

Goias, central Brazil) (adapted from Barbosa et al., 2012).

Sand lenses from the muddle interval of the Cemutério
Paleolake exposure, Catalio, Goias (Central Brazil), were
previously dated using thermoluminescence to be at least
39700 years BP (Machado et al.. 2012). These sediments are
composed of numerous microfossils, such as diatom frustules,
continental sponge spicules. spores and pollen gramns. The
high diatom frustules or sponge spicules contents observed
in some specific layers allowed for their classification as
diatomites or as spongilite, according to the case (Machado,
2009). Macrofossils consisting of terrestrial plant remains,
including fern fronds and abundant dicotyledonous
angiosperm leaves are additionally found in some layers
(Cardoso & Iannuzzi, 2006).

MATERIATL AND METHODS

The sampling was performed by R. Iannuzzi and N.
Cardoso, by removing blocks of rock esther manually or with
the aid of machines provided by the Fosfértil Mining Company.
Three stratigraphic columns were recorded in distinct sites
along the exposure of the Cenuténo Paleolake (Figure 2), that
corresponds to the margmn of this lacustnine deposit. Samples
were taken from top to bottom, with 21, 19 and 13 layers
collected at respectively Sections 1, 2 and 3 (Figure 2).

Preserved continental sponge structures previously
detected in these samples were now searched for in detail with

the aid of a stereomicroscope. Upon being detected they were
detached from the rock matrix, fixed in supports and taken to
the SEM for study and photographing which was performed
with a Philips Model X120 at the Microscopy Center of
the Lutheran University of Brazil, Canoas Campus, Rio
Grande do Sul (ULBRA-RS). All SEM supports containing
the studied materials were catalogued and deposited in
the Porifera collection of the Museum of Natural Sciences
(MCN-POR) of the Fundagio Zoobotinica do Rio Grande
do Sul (FZB-RS).

The gemmoscleres, ie., the spicules that cover the
gemmules_ are the most important morphological character
in the charactenisation of families, genera and species of
freshwater sponges (Volkmer-Ribeiro & Pauls. 2000). As
these spicules were preserved i sifu 1n the detected gemmules
their study at the SEM allowed for a precise identification
of the sponge species which lived in the lake and formed
such gemmules. The taxonomic identification followed
Volkmer-Ribeiro (1992), Volkmer-Ribeiro & Motta (1995)
and Machado ef al. (2012).

The degree of formation and fragmentation of the
gemmoscleres was also registered having 1n mund to elucidate
the taphonomic processes mvolved in this remarkable
preservation. Twenty measurements were taken of the
gemmoscleres in the fossil gemmules. Table I presents the
measures of the gemmoscleres (um) taken from the gemmules
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Figure 2. Photograph of the Cemitério Paleolake exposure, Cataldo, Goids, central Brazil. The white outline traces the limit of the deposit. The
hlack bars indicate the positions of the three sampled sections (modified from Machado et al, 2012).

preserved at Cemitério Paleolake, compared to those taken
from living specimens presented i Ezcurra de Drago (1979),
Volkmer-Ribeiro & Maciel (1983). Volkmer-Ribeiro (1992),
Volkmer-Ribeiro & Costa (1992) and Volkmer-Ribeiro &
Machado (2009).

The basal mnterval of the Cemutério Paleolake deposit
was dated herein uvsing *C isotopes obtained from plant
macrofossils. which consisted of fragments of a fern frond
(Pteridium sp.) and of carbonised wood, Layers # 4 and 5 of
Section 1, respectively, and of a dicotyledonous angiosperm
leaf. Layer # 2 of Section 2. The radiocarbon analysis was
carried out by Accelerator Mass Spectrometry (AMS) at the
Center for Applied Isotope Studies (CAIS), University of
Georgia, USA.

The sediments were classified according to both the
particle size and organic matter content at the Centro de
Estudos Costeiros e Oceanogrificos da Universidade Federal
do Rio Grande do Sul (CECO-UFRGS). For the particle size,
the coarse sediments were separated using a set of 1 mm @
sieves (Wentwort, 1922; Krumbein, 1934); for fine sediments,
the small particle sedimentation method mn a liquid medium
was used, according to Krumbein & Pettijohn (1938). The
combustion-based organic matter elimination method was
used (Wetzel. 1975) for determination of the organic matter
(OM) content in the fine sediments (silt and clay).

RESULTS

Age

The radiocarbon dating of the basal-most layer (Layers
# 4 and 5, Section 1) indicated an age of more than 53,780
years “C BP (UGAMS 9289) for the fragment of fossil wood
and 51.780 + 400 years #C BP (UGAMS 9287) for the fem
frond. The angiosperm leaf from Layer # 2, Section 2, was
shown to be from 48,333 + 400 years 1“C BP (UGAMS 9288)
(Figure 3). Thus, this deposit was initially generated in the
Late Pleistocene.

The unprecedented dates made available herein enabled
the correlation of sections 1 and 2, confirming that the base of
Section 2 (48,333 + 400 years “C BP) most likely correlates
with the rocks overlying the Layers # 4 and 5 of Section 1
(Figure 3). The radiocarbon dating of a fossil wood fragment
taken from Layers # 4 / 5 of Section 1 yielded an age of more

than 53.780 years *C BP for the origin of the Cemitério
Paleolake basin.

Considering this correlation, the structures of sponges
studied herein can be dated as follows: the sponge materials
from Layers # 12 and 15, at Section 2, have respectively an
estimated age between 48,333 = 400 and 29,700 years BP,
according to the thermoluminescence (Machado et al., 2012)
and radiocarbon dating of Layers # 2 and 16 in the same
section (Figure 3). However, Layer # 14, at Section 1, could
be considered slightly younger than 29 700 years BP, based
on the correlation with the Section 2, where the youngest age
was estimated at 4 meters underlying Layer # 16 (Figure 3).

Granulometry and organic matter

Layer # 14 has a thuckness of 0.90 cm and 1s composed
of 26.2% clay, 73.3% silt and 0.5% sand. The organic matter
(OM) content was 15.30%. Layer # 12 has a thickness of
0.10 cm and contams 11% clay, 88% silt and 1% sand, while
Layer # 15 15 0.05 cm thick and consists of 24 2% clay, 75.7%
silt and 0.1% sand (Figure 3). The OM reading in Layers #
12 and 15 was 29.70% and 34.05%, respectively. Due to
this predominant composition of fine sized particles, these
sediments are considered as pelitic.

Sponge structures and taphonomy

Only Layer # 14 from Section 1 (MCN-POR 8161) and
Layers # 12 (MCN-POR 8181 and 8182) and 15 (MCN-POR
8185 and 8186) from Section 2 (Figure 3) from the Cemitério
Paleolake deposit were found to contain, on the bedding
planes, preserved parts of the sponges.

Fibers of the skeletal reticulum of Cervoheteromevenia
australis (Bonetto & Ezcurra de Drago. 1966) (Figure 4A),
consisting of aligned megascleres (Figure 4B) and the longer
microscleres (beta series) (Figure 4C) were found i Layer #
14, from Section 1 (Figure 3). Gemmules were detected only
in Lavyers # 12 and 15 from Section 2 (Figure 3). Layer 12
contained gemmules of Heterorotula fistula Volkmer-Ribeiro
& Motta (1995) (Figures 5A. B). C. australis (Figures 5C-
E). Dosilia pydanieli Volkmer-Ribeiro (1992) (Figures 5F-I)
and Radiospongilla amazonensis Volkmer-Ribeiro & Maciel
(1983) (Figures 6A-C). Layer # 15 preserved gemmules of
H fistula. C. australis. Corvomeyenia thumi (Traxler, 1895)
(Figure 7) and. of particular note, an exceptional cluster of



MACHADQ ET AL — GEMMULES OF A PLEISTOCENE ASSEMBLAGE OF FRESHWATER SPONGES 173

Section 1
Section 2
. [e o6 o o ]
T F F e
- Layer#14 e Layer # 16
- i —=="" Sandy lenses with
g e estimated age:
- I e 0700and 31500 kaBP =
a ] ﬂf gp
R | === =
N [ gy Laver # 15+ S
Layer # 12« §
Layer# 2
............................................ Angiosperm leaf —
""""""" with age estimated:
T : i 48333310
- Fossil wood with age estimated 51,780 £ 400 '4C ka BP 1
ol #4and 5
2| 4 [ raversaands | o olderthan 53780 kaBP ChaBP
5
§ c:::i:d Legend
B T b b+ Paleosols
=1 . o ® °.‘Z 5m 0%o Clasts
3 m «*+ Organic clasts
2 |° —=_ Sandstone lenses
00 2 =
%] o 2
w pﬁj Plant macrofossils
a @ g ©
L e o M I fibel
R o K W egascleres fibers
Granulometry m £¥ Gemules

Figure 3. Profiles of Sections 1 and 2 from the Cemitério Paleclake, Cataldo, Goids, central Brazil, showing the proposed “C correlated
depositional sequences (Layers # 4 and 5, Section 1, and Layer # 2, Section 2) containing the presently studied fossils of freshwater sponges
(modified from Machado et al., 2012). Abbreviations: A, argillite; S, siltstone; Af, fine sandstone; Am, medium sandstone; Ag, coarse sandstone;

C, conglomerate.

more than fifty gemmules of R amazonensis (Figure 6C).
This gemmular cluster was coated by a film which followed
the bedding plane (Figure 6D).

Upon splitting the sedimentary shales, one hemisphere
of a gemmule was observed to be retained in one face,
while the other hemisphere was retained in the opposite
face, leading to the hypothesis that some gemmules had
been buried and wholly preserved (Figures 5B; 6B). The
ofganic structure of the pneumatic layer in which the

gemmoscleres are inserted was not preserved. though
certainly this structural support was present in its initial
stage of formation. as if enabled the maintenance of
the radial disposition of the gemmoscleres around the
gemmules (Figures 5A. C. F; 6A) However, this did not
occur 1 the gemmules of Corvomeyenia thumi, thus the
original disposition of the gemmoscleres was lost (Figure
7). added to which 1s the fact that the long and thin
axes of the gemmoscleres most likely led to immediate
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Table 1. Measures of the gemmoscleres (um) taken from the gemmules preserved at Cemitério Paleolake, compared to those taken from living
specimens presented in Ezcurra de Drago (1979), Violkmer-Ribeiro & Maciel (1983), Volkmer-Ribeiro (1892), Volkmer-Ribeiro & Costa (1992)
and Volkmer-Ribeira & Machado (2009).

Gemmaoscleres from modem/current specimens

Species Gemmoscleres from fossilized specimens (average) (mimimum - maximum)
length width length width

H. fistula

long-type gemmoscleres 120 41 - -

C. australis

shorter gemmoscleres 52 24 47-T15 37-5

longer gemmoscleres ] 41 62.5-90 3.7-6.2
D. pydanieli

gemmoscleres 96 16 69 - 100 1-5
R amazonensis

gemmoscleres 526 46 75-94 3-8
M. spinata

gemmoscleres - - 43-86 2-5
T variabilis

gemmoscleres - - 13.93-17.93 245-575

Figure 4. SEM images of the spicular tracts of Corvoheteromeyenia australis {(Bonetto & Ezcurra de Drago, 1966), Layer # 14, Section 1
(MCN-POR n® 8161). A, megascleres composing the fibres; B, megasclere; C, microsclere. Scale bars: A= 500 ym; B = 100 pym; C = 91 pm_
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fragmentation upon burial, while the rotules were preserved
due to their higher concentration of silica.

All the observed gemmoscleres were seen to be
incompletely formed, with their edges still open (Figure 5B),
as was the case with the spines on the shaft of Heterorotula
fistula, Corvoheteromevenia australis and Dosilia pydanieli
(Figures 5B, H), which explains their sizes being smaller
than those found in the current specimens. In the specific case
of H fistula, the second category of gemmoscleres, which,
supposedly, would cover the outer part of the gemmules,
was not formed. However, the megascleres typical of the
spicule set described for H. fistula are present in these layers
(Machado ef al.. 2012). The figures point to gemmules still
in the process of formation and so nussing the outer sealing
layer with its smaller category of gemmoscleres. This

hypothesis finds support in the comparison of sizes between
the gemmoscleres found in the preserved gemmules and
those from gemmoscleres in living specimens of four of the
mvolved species (Table 1). H. fistula 1s missing 1n Table 1
because no living specimens of this species have been found
to the present to allow for an appreciation of what the sizes
of 1ts gemmoscleres would be 1n fully developed gemmules.
Corvomeyenia thumi 1s also mssig 1n Table 1. due to the
fragmentation of the long and thin shafts of its incipiently
formed gemmoscleres.

The gemmoscleres of Radiospongilla amazonensis
were found to be intact, which is attributed to the fact that
they are short and relatively thick (Figure 6B). In contrast,
in Corvoheteromeyenia australis, Heterorotula fistula and
Dosilia pvdanieli, because the gemmoscleres are birotulated

Figure 5. SEM images of the freshwater sponge fossil gemmules from Cemitério Paleolake, Cataldo, Goids, central Brazil, Layers # 12 and
15, Section 2 (MCN-POR n® 8181 and 8182). A, B, Heterorotula fistwa Volkmer-Ribeiro & Motta (1995): A, gemmule; B, detail of the long
gemmaoscleres. The ammows point to the characteristic serrated border of the rotules. C, D, E, Corvoheteromeyenia australis (Bonetto & Ezcurra
de Drago, 1966). C, gemmule; D, detail of the rotules of the short gemmoscleres; E, detail of the rotules of long gemmoscleres. F-, Dosilia
pydanieli Volkmer-Ribeiro (1992): F, gemmule; G, H, gemmoscleres with straight long shafts provided with abundant spines; I, detail of the
indented border of rotules. Several gemmoscleres show incipient formation of the rotules indicating the reduced time available for gemmule
completion before the burial event. Scale bars: A=618 um; B=91 um; C=700 pm; D-E=10 pm; F=200 pm; G =50 ym; H=20pm; | = 5 pm.
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and have slender shafts, differentiated ruptures always
occurred close to one of the rotules (Figures 5B, D, E, G),
as also occurred in Corvomevenia thumi. However, in the
first three species, most likely due to the maintenance of the
pneumatic layer duning bunal, the crown of gemmoscleres
was preserved in situ (Figures 5A, C, F). The subsequent
disintegration of the pneumatic layer and compression led to
the fragmentation observed in these gemmoscleres.

DISCUSSION AND CONCLUSIONS

A comparison with the habitat of Corvoheteromeyenia
australis in modern environments explains the preservation
of the fibers of its skeletal reticulum (Figure 4A), seen in
Layer # 14 from Section 1 (Figure 3). Live specimens of
C_ australis have shown a preference for encrusting the roots
of the macrophyte Eichornia azurea (Sw.) Kunth, both m
the State Park of the Jacui Delta, Rio Grande do Sul, Brazil
(Tavares efal_, 2003), and in two lakes in Santa Fe_ Argentina

i

Figure 6. SEM images of the gemmules of Radiospongilla amazonensis Volkmer-Ribeiro & Maciel (1883), Layer # 15, Section 2 (MCN-

(Bonetto & Ezcurra de Drago, 1966; Ezcurra de Drago,
1979). The presence of fossil root marks (= palaeosols) in
life position m the analyzed layer (Layer # 14, Section 1,
Figure 3) supports this hypothesis. A following new episode
of sedimentation would have covered in situ the bank-side
deposit, preserving both the roots and the skeletal reticulum
of the adhering sponge. This in sitw preservation poiats to
a habitat with shallow and very calm waters allowing the
skeletal reticulum to be slowly filled with fine sediments
(s1lt and clay).

The preservational history of the gemmules 1s significantly
more complex. It 1s difficult to assess the length of time that
the gemmules were exposed prior to bunial because they are
structures specialized in the dispersion of species. Moreover,
largely due to the pneumatic wrapping that provides buoyancy,
they can easily be displaced by the movement of water and
also by the wind (Volkmer-Ribeiro & Pauls, 2000). Two
factors may have favored this particular preservation in the
Cemitério Paleolake deposit, the first being the possible

)

POR n® 8185 and 8186). A, one fossil gemmule; B, gemmoscleres; C, patch of fossilised gemmules evidencing a calm depositional
environment; D, fossilised thin (probable algal origin) coat deposited on the gemmules of R. amazonensis. Scale bars: A = 240 pm;

B = 49 uym; C = 50 mm; D = 50 um.
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incomplete formation of these gemmules/gemmoscleres
when incorporated into the sediment. They were devoid of
completed pneumatic layers, thus impairing their buoyancy
and accelerating their deposition on the lake bottom. The
gemmules of the genus Anheteromeyenia recorded by
Harrison & Warner (1986), on the west coast of Canada,
were also preserved with its gemmoscleres in situ however
incompletely formed, missing the pneumatic layer.

The second factor relates to the filmy coating that covers
the gemmules of Radiospongilla amazonensis following the
bedding plane of Layer # 15 from Section 2 (Figure 6D).
Algal blooms are frequent in tropical ponds subjected to
seasonal droughts. The bacteria and algae are intertwined in
the process of flowering, caused by heat and the reduction of
the water level, mitially forming a gelatinous crust that later
becomes dry and hardens (Figure 8). Thus, the film seen
over the gemmules of R amazonensis (Figure 6D) stands for
a vestige of such a crust that, after bunial, was pressed and
replaced by the surrounding sediments.

The oldest preserved fossil of the body structure of a
continental sponge. that of Eospongilla morrisonensis, from
the Upper Jurassic (Morrison Formation, USA), was also
associated with Charophyta algae (stems and gyrogonites)

(Dunagan, 1999). Moreover, the fossils of the skeletal
reticulum with oocytes and gemmules of Palaeospongilla
chubutensis and gemmules of Spongilla patagonica, dating
from the Early Cretaceous (Chubut Formation, Argentina)
(Volkmer-Ribeiro & Reitner, 1991), were also covered by a
crust of blue-green algae, to which Ott & Volkheimer (1972)
attributed their remarkable preservation.

Matsuoka & Masuda (2000), provided an accurate
description of the taphonomic process involved in the
preservation of the skeletal reticulum with gemmules of
Oncosclera kaniensis (from Miocene rocks of the Nakamura
Formation, central Japan). which was still attached to the
substrate, what enabled the authors to enter the species to
the current genus Oncosclera, of the family Potamolepidae.
This family is characterised by a skeletal reticulum that 1s rich
in silica, guaranteeing a harder and more resistant structure,
typical of environments with greater water flow (Volkmer-
Ribeiro & Pauls, 2000). Therefore, that register differs from
the one here presented for the Cemitério Paleolake, where
all the identified sponges mtegrate the family Spongillidae,
composed by genera and species from lentic habitats and
with fragile skeletons nich in spongin (Volkmer-Ribeiro &
Pauls, 2000).

Figure 7. SEM images of fragmented gemmoscleras of one gemmule of Corvomeyenia thumi (Traxler, 1895), Layer# 15, Section 2 (MCN-POR
n® 8185 and 8186). The amows indicate the flat, expanded inner rotules and the circular, umbonate small outer rofules characterisfic of the C.
thumi gemmoscleres. Scale bar = 50 pm.
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Figure 8. A, Crust of intertwined cyanobacteria and algae sampled by Volkmer Ribeiro in Verde Lake, Minas Gerais, Brazil, at the dry season
of 2011. Such crusts resulted from the drying of the algal bloom which covered the decaying aquatic vegetation as well as encrusted specimens
of Mefania spinata (Carter, 1881) as the water receded from the lake margins. B, SEM images of the crust underside, revealing (arrows) the
filamentous algae. Scale bar = 200 ym.

Loose spicules of all the species which appeared
with preserved structures in Layers # 12 and 15 from
Section 2 (gemmules of Dosilia pydanieli, Radiospongilla
amazonensis, Corvomeyenia thumi, Heterorotula fistula
and Corvoheteromevenia australis) and Layer # 14 from
Section 1 (skeletal reticulum of C. australis) of the Cemitério
Paleolake, occurred in these same layers (Machado ef al .
2012). Two other species, Mefania spinata (Carter, 1881)
and Trochospongilla variabilis Bonetto & Ezcurra de Drago
(1973), had their spicules, but not their gemmules, detected
by the just referred authors m these same layers.

The Cemitério Paleolake outcrop (Figure 2) corresponds
to the margin of a past lentic system, which was, therefore,
more of less susceptible to fluctuations m water level. Thus.
the large number of gemmules found 1 Layers # 12 and 15,
from Section 2 (Figure 3), indicates the occurrence of an
environment prone to desiccation, such that there were at
least two successive periods of considerable decrease in the
water column, which are well-defined 1n Layers # 12 and 15,
at Section 2 (Figure 3). However, this waterless event seems
to have been more intense duning the deposition of Layer # 15,
as it preserved gemmules of Corvomeyenia thumi (Figure 9)
and clustered gemmules of Radiospongilla amazonensis
(Figure 7). The palasoenvironment at that ttme was most likely
shallower, with the probable establishment of acidic water,
resulting from a natural process of eutrophication caused by
the production of macrophyte vegetation in the basin. The
high organic matter content in both layers from Section 2
supports this hypothesis. Sponges are not adverse to low pH
environments (Harrison, 1974; Frost, 1991). According to
Volkmer-Ribeiro & Motta (1995), the species R. amazonensis,
Trochospongilla variabilis and C. thumi co-occur associated
precisely with peniods of peat formation and, consequently, the
greater shallowing phases of existing lakes consist with low

pH settings. The absence of entire gemmules of T variabilis m
the Cemitério Paleolake deposit may be due to the small size
of the gemmoscleres and the thin gemmular coating once the
species occurs with its loose spicules in Layers # 12 and 15
(Machado et al . 2012). The same applies to Mefania spinata
which appeared with spicules but no preserved gemmules in
the referred sections. The hypothesis 1s the same presented
for T variabilis, i.e.. the short length of the gemmosclere
shaft when compared to that of the species with preserved
gemmules. Yet, in the particular case of gemmoscleres M.
spinata the outer rotule 1s drastically reduced thus lowering
the resistance of the gemmular wall to the pressure exercised
by the water column and the sediment piling.

The species in this commumity are current because they
were detected as live specimens in a lake environment within
the Cerrado Biome region (Volkmer-Ribetro, 1999). There
femains some reservation regarding the extant condition of
Heterorotula fistula, which was described only by its loose
spicules i lake sediments (Volkmer-Ribeiro & Motta, 1995)
and for which there 15 no record of live specimens. Anvhow
the present identification of its gemmules comes to confirm
the taxonomic status of the species. The question remains as
to how the structure of its living specimens and wholly formed
gemmules will look whenever found.

There 1s a noteworthy similarity between the Miocene
Quillagua Formation and the Pleistocene Cemitério
Paleolake deposit, regarding the occurrence of diatomite
and the influence of volcanic rocks, respectively, from the
Andes Mountains and the Upper Paranaiba carbonatite
complex. Pisera & Saez (2003) attributed the high silica
content in the lake environment to the volcanic origin of
the sediments, thus encouraging the development of diatom
algae and freshwater sponges. The same explanation could
be applied in the present deposit.
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Abstract

The environmental conditions which contributed to the formation of the notorious quaternary
deposits of freshwater sponge spicules in karstic lentic environments in Brazil have been
subject of some speculation. No investigation has yet been conducted to test whether these
deposits currently originate in karstic lakes. To provide for such an investigation, Serra Negra
Lake, which is formed on an ultramafic-alkaline-carbonatite dome at central western Brazil,
close to the area of occurrence of the paleo-deposits was selected for the study. Bottom
sediments were sampled at 10 stations across the lake, and water was sampled at five of the
stations, in June/2011 (rainy season) and October/2011 (dry season). Analysis of
granulometry, organic matter and presence of spicules were carried out in the sediments. Lake
water was analysed for the main physical and chemical characteristics. Deposit of spicules
was restricted to the northern area of the lake, which is rich in macrophyte. The taxonomic
analysis of the spicules indicated the contribution of five sponge species, Dosilia pydanieli,
Metania spinata, Radiospongilla amazonensis, Trochospongilla variabilis and Heterorotula
fistula, which formed large deposits in neighbouring areas. The high silica concentration,
derived from the dome volcanic rocks, constant water level and available substrate are
credited for the continuous production of sponges and spicules, confirmed by the rare
presence of gemmoscleres. The lake is classed as a minerotrophic fen type of bog with a
heavy contribution from the surrounding creeks. Lake sediments are fine with high levels of

organic matter and peat, which contributed to the trapping of spicules in the sediments.

Keywords: continental sponges spicules, bottom sediments, bogs, Cerrado Biome.



Investigacao de depdsito de espiculas de esponjas de agua doce
em um lago carstico no Brasil.

Resumo

As condicdes ambientais que contribuiram para a formacao de notdrios depdsitos quaternarios
de espiculas de esponjas de dgua doce em ambientes carsticos no Brasil t€ém sido objeto de
algumas especulagdes. Nenhuma investigacdo foi ainda realizada para testar se esses
depdsitos originam-se atualmente em lagos carsticos. Para prover tal investigacdo, a Lagoa
Serra Negra, formada em um domo ultramafico-alcalino-carbonatitico, no centro oeste do
Brasil, proximo a drea de ocorréncia dos referidos paleo-depdsitos, foi selecionada para o
estudo. Sedimentos de fundo foram amostrados em 10 estacdes ao longo do lago, e a 4gua foi
coletada em cinco das estacdes, em junho/2011 (estacdo chuvosa) e outubro/2011 (estacdo
seca). Andlises de granulometria, matéria organica e presenca de espiculas foram realizadas
nos sedimentos. A dgua do lago foi analisada para as principais caracteristicas fisicas e
quimicas. O dep6sito de espiculas foi restrito a drea norte do lago, que € rico em macroéfitas. A
andlise taxondmica das espiculas indicou a contribuicio de cinco espécies de esponjas,
Dosilia pydanieli, Metania spinata, Radiospongilla amazonensis, Trochospongilla variabilis
e Heterorotula fistula, que formaram grandes depdsitos em dreas vizinhas. A alta
concentracdo de silica, derivada das rochas vulcanicas do domo, o nivel constante da dgua e a
disponibilidade de substrato sdo creditadas a producdo continua de esponjas e espiculas,
confirmada pela presencga rara de gemoscleras. O lago € classificado como uma turfeira do
tipo fen, minerotréfica, com forte contribui¢do dos arroios circundantes. Os sedimentos da
lagoa sdo finos, com altos niveis de matéria organica e formacdo de turfa, o que contribuiu

para a captura das espiculas nos sedimentos.

Palavras-chave: espiculas de esponjas continentais, sedimentos de fundo, turfeiras, Bioma

Cerrado.



1. Introduction

Several worldwide studies on lentic quaternary sediments report the use of freshwater
sponge spicules as a diagnostic tool in paleointerpretations (Moura, 1958; Racek, 1974;
Harrison et al., 1979; Harrison and Warner, 1986; Stubblefield, 2012). In this respect several
studies have been conducted in South America (Turcq et al., 1998; Sifeddine et al., 2001;
Cordeiro et al., 2008; Volkmer-Ribeiro et al., 2007; Parolin et al., 2008).

The occurrence of massive quaternary deposits of freshwater sponge spicules are
economically important biomineral resources (spongillites) and raise particular interest in a
large region of central-western Brazil (Volkmer-Ribeiro et al.,, 1998a). The study of such
deposits has focused on the identification of the sponge species involved in deposit
production, such as the karstic processes involved at sites of accumulation (Volkmer-Ribeiro
et al., 1998a; Almeida et al., 2009, 2010; Machado et al., 2012), as well as the interpretation
of the paleoenvironmental conditions of the lake during deposit formation (Volkmer-Ribeiro
and Motta, 1995, Almeida et al., 2009; Machado et al., 2012). The freshwater sponge extant
community identified from their spicules in such deposits was composed of Metania spinata
(Carter, 1881), Dosilia pydanieli Volkmer-Ribeiro (1992), Heterorotula fistula Volkmer-
Ribeiro and Motta (1995), Corvomeyenia thumi (Traxler, 1895), Radiospongilla amazonensis
Volkmer-Ribeiro and Maciel (1983) and Trochospongilla variabilis Bonetto and Ezcurra de
Drago (1973).

No studies have yet been conducted to determine whether spicule deposits by the same
sponge community are presently taking place in karstic lakes, as well as the processes
involved in the present deposit formation. Serra Negra Lake is located in the region of
spongillite deposits in Brazil and was selected for this investigation. The lake is formed in a
dome of carbonatitic basement rocks (Ribeiro et al., 2001). The results indicate some
geomorphological and environmental conditions, which favour continued production of

sponges and the trapping of their spicules in the sediment.



2. Materials and Methods

Serra Negra Lake is located in the dome structure of the ultramafic-alkaline-
carbonatite complex of Serra Negra in Patrocinio, Minas Gerais (18°54°36.75”S
46°49°35.37°0) (Figure 1). The lake has a surface area of approximately 5 km? at 280 m
above the local base level, with an altitude of 1,156 m in the centre of the dome structure. The
geomorphological structure of the dome shows a radial centripetal drainage system that
accumulates in the centre.

The areas of lower declivity, which include the south and central portions of the Serra
Negra Lake, are flattened with moist soil and are covered by gramineous and hydrophilic
vegetation such as Sphagnum spp. (Salgado-Labouriau, 1997), in addition to jagged small
basins and channels derived from drainage flow. The confluence of three streams, Bebedouro,
Bananeira and another small one at the central portion of the lake forms a network of small
channels and basins with a reduced northeast/north/northwest flow. The northern portion of
the lake corresponds to an area formed by small basins and channels, covered with aquatic
vegetation, which surrounds a deeper area with open water at the surface.

According to Salgado-Labouriau (1997), the Serra Negra Lake is a shallow lake in a
large caldera, probably due to the collapse of layers underneath. The current investigation is
based on the premise that the presence of spicules in the sediments of a closed system as that
of a lake placed on top of a dome would qualify as ‘in situ’ its sponge production.

Two expeditions to the lake were undertaken, one in May-June/2011 (fall - high-
water; 30/05 to 04/06 - Authorization SISBIO n° 23184-3) and another in October/2011
(spring - low-water; 04/10 to 08/10 - Authorization SISBIO n° 31548-1).

Five samples from the lake bottom sediments were collected along the lake margins
and at the streams (Stations 1-5; Figure 1) in each one of two expeditions. Plastic containers
were plunged directly into the sediments. In the northern, open water portion of the lake, five

additional samples were collected in the second expedition (Stations 6—-10; Figure 1) with an
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Eckman dredge on board of a boat. Table 1 lists the location and description of the sampling
stations as well as general characteristics of the lake sediments.

Conductivity and water temperature were measured in situ with HACH models 50150
and 50050 in both expeditions, at Stations 1-5 of sediment sampling. At the same time, water
samples were collected in 1.5 amber glass bottles and placed in Styrofoam boxes with ice
and sent to the Division of Technical Advisory and Chemical Analysis (DIAAQ) of the
Institute of Chemistry of the Federal University of Uberlandia, MG. Samples were processed
to determine pH, biochemical oxygen demand (BOD), dissolved oxygen (DO), total
phosphorus, ammonia nitrogen, turbidity, alkalinity and silica (APHA, 1980).

Fractions of 0.35 cm® from all sediments sampled in the two expeditions were
processed according to Volkmer-Ribeiro (1985) for taxonomic identification and relative
quantification of spicules (Abundant = + + +; Few = + +; rare = +) under an optical
microscope. The degree of formation and fragmentation of the spicules was also recorded.
Species identification was based on Volkmer-Ribeiro (1992) and Volkmer-Ribeiro and Motta
(1995). Spicules corresponding to each sponge species were photographed with a Still Camera
Canon PowerShot G11 coupled to an optical microscope, Leica. All sediment samples and
permanent slides were catalogued in the Porifera collection of the Museum of Natural
Sciences (MCN-POR) of the Zoobotanic Foundation of Rio Grande do Sul (FZB), with
numbers 8759 to 8764 and 8878 to 8882.

Sediments from stations 8 and 10 (Figure 1) were selected for analysis of particle size
and organic matter content. The selection criteria were based on the abundance of spicules,
type of sediment and distance to the macrophyte stands, as this substrate was the only
available to the sponges. The analyses were performed at the Center for Coastal and Oceanic
Geological Studies of the Federal University of Rio Grande do Sul (CECO-IG-UFRGS). The
coarse sediments were separated using a set of 1 mm @ sieves (Wentwort, 1922; Krumbein,

1934). For fine sediments, a liquid medium sedimentation method was used (Krumbein and
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Pettijohn, 1938). Organic matter content of the fine sediments was determined by the
combustion method (Wetzel, 1975).

Table 1; Figure 1

3. Results

The analysis of the spicules in the sediments sampled in the two expeditions showed
similar results (Table 1). The accumulation of sponge spicules is currently taking place at the
northern portion of the lake (Sts.3 and 6-10; Figure 1). Fully formed and well preserved
megascleres and microscleres (spicules from skeleton) were dominant (Figures 2A, B).
However, gemmoscleres (spicules from gemmules) were rare. Dosilia pydanieli was
identified from its abundant microscleres (Figure 2B). Gemmoscleres were scarce but enabled
the positive identification of Metania spinata (Figure 2C), Trochospongilla variabilis (Figure
2D), Radiospongilla amazonensis (Figure 2E) and Heterorotula fistula (Figure 2F, G, H).
These results indicate the existence of an extant community of sponges in Serra Negra Lake,
established in the marginal area formed by small basins and channels with abundant aquatic
vegetation, as detected in St. 3. The degrading sponges and their spicules accumulated under
the marginal macrophytes are next dragged into the deepest area of the lake by runoff waters
from the higher areas what explains the concentration of spicules in this site (Sts. 6-10; Table
1).

The occurrence of rare, incipiently formed and fragmented spicules in sediments of St.
1 and 2 prevented their taxonomic identification (Table 1). Only spicules of Oncosclera
navicella (Carter, 1881), a sponge from lotic environments, were observed in sediments from
St. 5 (Table 1). The presence of spicules completely formed and entire in St. 4 is credited to
its location, downstream the Sts. 3, 6-10 (Figure 1).

The sediments from the northern area of Serra Negra Lake (St. 8) are composed by

29.5% of clay, 70% of silt, 0.5% of sand and 33.60% of organic matter (OM) and those from
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St. 10 are composed by 21.96% of clay, 78% of silt, 0.04% of sand and 31.60% of organic
matter (OM). These sediments are classed as fine with high levels of organic matter and peat
formation. The gelatinous aspect and the presence of intact vegetal fragments in the sediments
of the northern area (Sts. 3 and 6-10, Table 1) confirm organic accumulation in the lake
bottom. The presence of fine sediments with a dark colour at St. 1 and St. 2 (Table 1)
indicates that the southern area of Serra Negra Lake also includes a peaty area. In contrast, the
presence of coarser sediments at St. 4 and St. 5 (Table 1) indicates the presence of water flow,
inhibiting organic accumulation.

The physical and chemical parameters of the lake and streams detected during the two
studied periods are presented in Table 2 and Figure 3. The low alkalinity in all sampled
stations and in the two periods evidences the low buffering capacity of this lake, also
indicated by a slightly acidic pH (5.32 - 6.38; Table 2). All sampling sites had higher values
of biochemical oxygen demand (BOD) compared to dissolved oxygen (DO), pointing to an
environment with relatively low capacity to degrade the organic matter by aerobic biological
processes. These results also indicate that accumulation of humic acids prevails even under
the influence of the alkaline rocks present in the dome.

Values of conductivity, turbidity, silica and BOD were the sole to show significant
differences among the sampled stations (Figure 3). The lowerest values for these parameters
were observed in St. 3 and the highest in St. 4. Higher values for conductivity, turbidity and
silica and reduced BOD characterize the low water period. St. 2 is remarkable for its
increasing values of turbidity, silica and BDO in the low water period, reflecting the reduced
flow and the respective accumulation of organic debris at this site. St. 1 and St. 5 which stand
for respectively the in and out water fluxes at the Serra Negra System, show water quality
which reflects the peat accumulation. At St. 1 the process is credited to the lower water flux
induced by the damming of the water at this site (Figure 1).

Table 2; Figures 2 and 3



4. Discussion

The physical and chemical analysis of Serra Negra Lake water is characteristic of peat
water. Peat waters have been previously characterized for both bog and fens environments.
According to Breemen (1995), bog are formed in elevated areas and with a pH < 4.2, whilst
fens are set in concave or flat areas and have a surface water pH > 4.2. The characteristic
vegetation of fens, according to Shotyk (1988), consists of grasses and some varieties of
Sphagnum spp. Typical fen vegetation characteristics are observed at Serra Negra Lake and
were previously described by Salgado-Labouriau (1997). Bogs are distinguished by the
dominance of Sphagnum spp. (Moore, 1989). Shotyk (1988) also include hydrological
parameters to distinguish peat bogs fed exclusively by precipitation water (rain and/or snow),
called ombrotrophic bogs and those influenced by water from the external limits of the basin
are called minerotrophic bogs. As Serra Negra Lake is subject to periodic flooding by runoff
from the adjacent dome and streams, it could be classified as a minerotrophic bog. A study of
the physical and chemical characteristics of water from bogs, swamps and fens of northern
Michigan found significant differences between bogs and fens but not between fens and
swamps (Schwintzer and Tomberlin, 1982). According to these authors the fens/swamps are
moderately minerotrophic (pH varying from 5.5 to 7.4), whereas bogs are poorly
minerotrophic (pH varying from 3.8 to 4.4), which indicates a difference in the hydrological
regime, with a greater flow of water in fens/swamps. Schwintzer and Tomberlin (1982) also
found differences in the chemical constituents of fen waters with values from moderate to
high for calcium, magnesium, silica, alkalinity and conductivity and low values for sodium,
phosphorus, nitrogen and potassium. Serra Negra Lake pH, silica, phosphorus and nitrogen
(Table 2) obtained in the two expeditions of this study are comparable to the fens of
Schwintzer and Tomberlin (1982), but are lower in alkalinity and conductivity, which makes
the environment more similar to a bog. Therefore, Serra Negra Lake can be considered

moderately minerotrophic given the influence of considerable flow, and the physical and
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chemical characteristics of the lake make it more similar to a fen. The difference in
conductivity, turbidity, silica and BOD between stations 3 and 4 (Figure 3) indicates a larger
water flux towards the lake outlet (Figure 1), based on the presence of O. navicella in St. 5
(Table 1), an species with a marked preference for lotic habitats (Volkmer-Ribeiro & Pauls,
2000).

The development of a high biomass of aquatic vegetation in the central/northern part
of the Lake (St.3; Table 1) was fundamental for the recent formation of spicule deposits in
Serra Negra Lake. Esteves and Caliman (2011) suggest that the occurrence of this vegetation
is dependent on the morphometric characteristics of the lake environment, such as depth.
These authors hypothesize that shallow aquatic ecosystems (up to 2 m deep), where the
limnetic region is reduced or nonexistent, may have most or all lake area covered by
macrophytes. Serra Negra Lake is a shallow lake not exceeding 2 m (Table 1), allowing the
colonisation of dense marginal aquatic vegetation including microalgae, bryophytes,
pteridophytes and superior plants, providing abundant substrate for sessile organisms.
Colonisation by aquatic vegetation leading to the eventual establishment of peat constitutes a
favourable environment for some sponges, as demonstrated by Frost (1991), Volkmer-Ribeiro

(1992) and Volkmer-Ribeiro et al. (1998b).

The continental sponges detected in the Serra Negra Lake indicate the presence of a
community typical of lakes in the Cerrado biome, as reported by Volkmer-Ribeiro (1999).
The Cerrado Biome contains a large array of natural lakes, where the water level depends on
the precipitation. Usually a reduction of water level occurs in the dry period and recovery in
the rainy season (Fonseca, 2005). The Cerrado Biome lakes are located in flat areas and fed
by groundwater, while Serra Negra Lake, which is located in the Cerrado Biome, but formed
on a dome of igneous rocks sits at an altitude of approximately 1,000 m. Marcuzzo et al.
(2012) found that the seasonal and spatial variation of the rainfall in the Cerrado of Mato

Grosso do Sul, show higher pluviometric levels at higher altitudes. The Rainfall Anomaly
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Index (RAI) supplied by the authors indicate that in the last 30 years the region experienced
30.56% dry months, 25.83% rainy months, 22.22% very dry months, 10.56% very rainy
months and less than 10% extremely dry, extremely rainy months as well as months without
anomalies. These authors also remark that between 1997 and 2006, the number of extremely
rainy months was 19 and the number of extremely dry months was 13. Given that the Serra
Negra dome is not far from the region studied by Marcuzzo et al. (2012), we may infer that
the high altitude of Serra Negra Lake may have similar microclimate conditions, such as
higher pluviometric levels and reduced periods of extreme drought. This may result in higher
water residence, even in lower pluviometric periods. In addition, Serra Negra Lake is
artificially dammed at the outlet, which may also contribute to longer water residence.
Gemmules are asexual reproduction structures of continental sponges produced in dry and
otherwise adverse periods of the year (Frost, 1991; Volkmer-Ribeiro and Pauls, 2000). The
rarity of gemmoscleres in the bottom sediments of the Serra Negra Lake provides additional
evidence for the perennial nature of this lake, which would favour continuous production of

sponges and spicules.

The sponge community found in this study, without H. fistula and the addition of
Corvomeyenia thumi (Traxler, 1895), was reported in a seasonal lake on Maracd Island,
Roraima (Volkmer-Ribeiro, 1992; Volkmer-Ribeiro et al., 1998b). Volkmer-Ribeiro et al. (op
cit.) consider that the environment of Maraca Island, containing small lakes that do not exceed
2 m in depth in the rainy season, and those that dry out at the peak of dry season are a
transitional environment between the Amazon Forest and the Cerrado Biome. Maracé Lake is
approximately 200 m in diameter and is surrounded by a dense forest that ends at the lake
margins with a circle of Buriti palm trees. Abundant aquatic vegetation occupies the lake,
restricting the open water area to the lake centre and produces a large biomass of
decomposing vegetation in the dry season. Volkmer-Ribeiro (1992) mentions the abundant

presence of gemmules in all the collected sponge specimens, in this seasonal environment.
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The rarity of gemmoscleres in the bottom sediments of the Serra Negra Lake, as well as the
absence of C. thumi, a sponge typical of environments subjected to severe droughts indicates
the perennial nature of this lake, which differentiates it from the seasonal Maracd Lake.
Nevertheless, some similarities in the chemical constituents of the water were noted for these
two environments. The pH (5.46 and 5.36) of Maraca Lake (Volkmer-Ribeiro et al., 1998b) is
similar to the pH of Serra Negra Lake. Conductivity is lower in Maraca Lake, however, it can
be considered low in both lakes. Dissolved oxygen, phosphorus and nitrogen were lower in
the Serra Negra Lake samples, which may be related to the presence of peat and its high
absorption and cation exchange capacity (Coupal and Lalancette, 1976). Peat may act as a

trap for sponge spicules, which become integrated and retained in lake sediments.

Volkmer-Ribeiro et al. (1998b) attribute the absence of peat and spicule deposits at the
bottom of Lake in Maracd to a lower input of silica to the lake water because of the
surrounding forestall covering of the area. The authors credit the abundance of sponges and
corresponding gemmules to a seasonal remobilisation of silica fixed by the sponges and

macrophytic vegetation of the previous season.

Silica is important in the formation of sponge spicules (Jorgensen, 1944). In the
current study, dissolved silica in Serra Negra Lake varied from 8 to 32 mg/L (Table 2), which
is considerably higher than that recorded by Volkmer-Ribeiro et al. (1998b) in Maraca Lake
(2.2 mg/L). The high dissolved silica concentration is likely caused by the influence of the
dome volcanic rocks. Barbosa et al. (2012) report that the volcanic rocks of this ultramafic-
alkaline-carbonatite complex are rich in silicate minerals.

Thus, the karstic process, which led to the formation of the Serra Negra Lake produced
a singular basin with differentiated environmental characteristics, in particular for substrate,
depth, water residence, peat, water flow and silica concentrations, compared to surrounding

lake environments, as well as differences in the sponge community.
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Table 1. Location and description of the sampling stations (St.) in the Serra Negra Lake and

respective streams, Patrocinio, MG, are presented together with the results of the analysis of

preservation conditions of the spicules, their relative total amount, their taxonomic

identification and the relative amount of each spicule category in the sampled sediments (M

megasclere; am = alpha megasclere; bm = beta megasclere; mi = microsclere; gm

gemmosclere; lgm = long gemosclere; sgm = short gemmosclere) (Abundant = + + +; Few

+ +; rare = +).

Relative amount
and preservation

Taxonomic analysis and relative quantification

St. Description conditions of the of each spicule category
spicules
Bebedouro stream. Channel with
unidirectional little flow, dammed Rare. incipientl
close to the lake and with scarce i P y
1 . . formed and -
macrophytic vegetation. Dark- fraomented spicules
coloured sediment with fine & P
granulometry.
Southern part of the lake. Small L
. . . Rare, incipiently
basin of anthropic excavations
2 . formed and -
with free water. Dark-coloured fraemented spicules
sediment with fine granulometry. & P
Marginal point located in the
central/northern part of the lake. D. pydanieli: m (+ + +); mi (+ ++); gm (+)
Area formed by small basins and ! h
. Abundant, M. spinata: am (+ + +); bm (+ +); mi (+ +); gm (+)
channels and covered with -
3 . . . completely formed 7. variabilis: m (+ + +); gm (+)
aquatic vegetation, which . . . .

. and entire spicules ~ R. amazonensis: m (+ + +); gm (+)
surrounds a deeper area with free H. fistula: m (+ ++); lgm (+); sgm (+)
water surface. Dark-coloured R ’ 8 - S8
sediment with fine granulometry.

Channel at the northern border,
taking to the lake outlet. Dark- Few, completely D. pydanieli: m (+ +); mi (+ +)
4 coloured sediment with large formed and entire M. spinata: am (+ +); mi (+ +)
amount of sand and presence of spicules R. amazonensis: m (+ + +); gm (+)
millimetric to centimetric clasts.
Microbasins of sedimentation
formed along the course of the Few. completel
stream of the outlet of the lake. W, P y .
5 . . formed, but O. navicella: m (+ +); gm (+)
Dark-coloured sediment with fracmented spicules
great amount of sand. Presence of & P
millimetric to centimetric clasts.
g:ggalggﬁgerﬂakiort?ﬁh Olfarﬂ;: D. pydanieli: m (+ + +); mi (+ + +); gm (+)
6-10 g ? & Abundant, M. spinata: am (+ + +); bm (+ +); mi (+ +); gm (+)

area of free water. Black
sediments with gelatinous aspect
and presence of vegetal fragments
still not decomposed.

completely formed
and entire spicules

T. variabilis: m (+ + +); gm (+)
R. amazonensis: m(+ + +); gm (+)
H. fistula: m (+ + +); lgm (+); sgm (+)
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Table 2. Physical and chemical parameters of water of Serra Negra Lake, Patrocinio, MG,

sampled during the two seasonal periods at the five sampling stations (St.). (Cond.:

Conductivity (uS); pH: Hydrogen potential; Turbid.: Turbidity (U.N.T.); Silica: Dissolved

silica (mg/L); Alkal.: Alkalinity (mg/L); DO: Dissolved oxygen (mg/L); BDO: Biochemical

oxygen demand (mg/L); Temp.: Temperature (°C); Phosp.: Phosphorus (mg/L); AmmNitrog.:

Ammoniacal nitrogen (mg/L); OrgNitrog.: Organic nitrogen (mg/L); Depth (m)).

June/2011 (high water)

October/2011 (low water)

Parameters St.1 St.2 St.3 St.4 St.5 St.1 St.2 St.3 St.4 St.5
Cond. 8 9 5 18 10 11 9 6 21 13
pH 573 565 56 638 623 532 582 57 6.13 6.09
Turbid. 78 69 65 18 7.3 11 25 7 13 9
Silica 17 13 8 23 11 25 32 13 21 17
Alkal. 4.1 25 44 4 6 478 52 4.18 5.18 6.76
DO 54 5 5 46 48 52 48 5 5.2 5.7
BOD 13 10 11 21 8 11 21 9 14 6
Temp. 18 17 22 21 19 20 19 25 20 19
Phosp. 0.009 0.013 0.008 0.16 0.005 0.008 0.013 0.005 0.006 0.002
AmmNitrog 031 025 032 051 019 02 045 015 04 0.13
OrgNitrog 0.1 007 02 013 009 006 03 0.07 0.19 0.05
Depth 1.2 1.0 1.1 1.5 10 105 08 07 038 1.0
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Legends of figures:

Figure 1. On the left, map showing the localization the Serra Negra Lake, in Minas Gerais,
Brazil and at central, satellite image showing the lake and the distinct sampling stations (St.):
St. 1, Bebedouro Stream; St. 2, Small basins; St. 3, Margin near the macrophyte stands; St. 4,
Channel formed close to the lake outlet; St. 5, Small depositional basin downstream the lake
outlet; St. 6-10, Central portion of the lake covered with free water. The dashed line indicates
the lake borders, and the thinner line indicates the borders of the free water surface. The

arrows indicate the water flow in the lake.

Figure 2. Optical Microscope pictures of the spicules of the six species of sponges found in
the sediments of the Serra Negra Lake. Dosilia pydanieli Volkmer-Ribeiro (1992): A.
megascleres, B. microscleres; Metania spinata (Carter 1881): C. gemmosclere;
Trochospongilla variabilis Bonetto and Ezcurra de Drago (1973): D. gemmosclere;
Radiospongilla amazonensis Volkmer-Ribeiro and Maciel (1983): E. gemmosclere;
Heterorotula fistula Volkmer-Ribeiro and Motta (1995): F. megasclere; G. long

gemmosclere; H. short gemmosclere.

Figure 3. Graph showing the variation of the physical and chemical parameters at Stations 1-
5 (St.) in Serra Negra Lake and streams during the two studied periods (Cond.: Conductivity
(uS); pH: Hydrogen potential; Turbid.: Turbidity (U.N.T.); Silica: Dissolved silica (mg/L);
Alkal.: Alkalinity (mg/L); DO: Dissolved oxygen (mg/L); BDO: Biochemical oxygen demand
(mg/L); Temp.: Temperature (°C); Phosp.: Phosphorus (mg/L); AmmNitrog.: Ammoniacal

nitrogen (mg/L); OrgNitrog.: Organic nitrogen (mg/L); Depth (m)).
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Abstract

The Cemitério Palaeolake deposit in Cataldo, Goias State, Brazil, comprises a single, complete
lacustrine sequence, dated from less than 27,500 + 4000 yr B.P. to more than 51,780 + 400 4C yr
B.P. The unprecedented presence of spongillite and diatomite layers in this deposit was investi-
gated using spicules of continental sponges as proxy data for environmental and climate recon-
struction, which was relatively extensive for the ages examined. From the analysis of the sedi-
mentary features and the associations of spicules preserved in the deposit, it was possible to re-
construct the evolution of the limnic system. Five developmental stages were thus identified, cor-
responding to the installation (lotic and erosion phase), establishment and development of the
lake and its colmatation, the latter correlating to the Last Glacial Maximum (LGM). Moreover,
based on the ecological requirements of the sponge species identified in the deposit, it was possi-
ble to infer the likely weather patterns related to respective phases of the lake. The presence of
the sponge species Corvoheteromeyenia australis, presently recorded only from southern South
America, indicated that polar incursions originating from the Antarctic were frequent during the
last glacial period and might have played a notable role in what is now central Brazil. However, for
a short time, drier and hotter weather conditions might have predominated, as suggested by the
presence of the species Corvomeyenia thumi.

Keywords

Spongillites, Lacustrine Palaeoenvironment, Palaeoclimate, Central Brazil, Late Pleistocene

1. Introduction
Palaecenvironmental and palacoclimatic reconstructions of the Late Pleistocene, particularly in the central re-
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V. de Souza Machado et al.

gion of Brazil. have been proposed based on the analyses of lake sediments containing pollen, spores and micro-
algal spectra [1]-[8]. However, several worldwide reports produced on lentic quaternary sediments suggest the
use of freshwater sponge spicules as a diagnostic tool in palaco mterpretations [2]-[13]. In this respect, extensive
studies have been conducted in South America [14]-[18].

Spongillites and diatomites are evidences that natural environmental conditions can maximize the production
of aquatic organisms with silicious supporting structures and generate large deposits of biosilicious rocks,
formed in the case of the spongillites from sponge spicules [11] [19]. and in that diatomites from diatoms frus-
tules [20] [21]. Studies on these deposits, particularly in freshwater lentic environments, are typically rare, al-
though they have indicated their umque and preferred characteristics in relation to various contexts. including
geomorphology [22]-[27]. palacoenvironment [19] [22] [26]-[28], palacoclimate [19] [27] [29]. and, in the case
of diatomite, even orbitals [30]. However, to date, deposits of diatomites and spongillites have not been recorded
in the same basm.

The Cenutério Palaeolake deposit in Catalio, Goids State, Brazil was dated from less than 27500 = 4000 yr
BP to more than 51.780 = 400 "*C yr BP [31] [32]. It therefore constitutes the oldest dated deposit in central
Brazil. where few such deposits are dated at over 40,000 yr BP [1]-[8]. The study of the Cemitério Palasolake
has revealed the occurrence of facies rich in sponge spicules [31], and fully preserved gemmules [37] produced
by the same sponge community related to the spongillite deposits [19] and currenily typical of lakes in the Cer-
rado Biome [33] [34]. Metania spinata (Carter, 1881), Dosilia pvdanieli Volkmer-Ribeiro (1992), Heterorotula
Jfistula Volkmer-Ribeiro and Motta (1995), Corvomeyenia thumi (Traxler. 1895). Radiospongilla amazonensis
Volkmer-Ribeiro and Maciel (1983) and Trochespongilla variabilis Bonetto and Ezcurra de Drago (1973), but
added also Corvoheteromeyenia ausiralis (Bonetto and Ezcurra de Drago. 1966). Machado and colleagues [31]
also detected rare spicules from species more typical of lotic environments in the Cemiténio Palaeolake, includ-
ing Corvospongilla seckti Bonetto and Ezcurra Drago (1966), Oncosclera navicella (Carter, 1881) and Eunapius
Jragilis (Leidy, 1851).

However, the Cemitério Palaeolake is remarkable because of its intercalated facies of spongillites and diato-
mites. Thus, this paper examines the environment related to the formation of these two bio-siliceous deposits, as
well as their relationship with the other facies in the palaeolake, extracting from these analyses palaeoenviron-
mental and palaeoclimatic interpretations that are unprecedented for the ages obtained.

2. Study Area

The Cemitério Palaeolake outcrop (18°08'S; 47°08"W) is constituted by a continuously exposed lacustrine depo-
sit. formed in a depression at the northem part of the Cataldo I Carbonatite Complex (Figure 1) The sedimen-
tary rocks lie discordantly on the dome of magmatic carbonatite [35]. The outcrop consists of a 27 km” sub-cir-
cular plateau, with the NS and EW axes measuning 6 and 5.5 km, respectively. The average elevation 15 900 m,
rismg 100 m above the surrounding land.

The rocks of the Catalio region are included 1n the igneous province of the Upper Paranaiba, lying between
the Parand and Sio Francisco basins [36] [37] (Figure 1). In this same region 15 an elongated structure extending
NW-SE., known as the Upper Paranaiba Arch, i which uplifting began in the early Cretaceous and intensified
during the late Cretaceous. This igneous basin was established as a result of intense mafic-ultramafic alkaline
and ultrapotassic magmatism generating mtrusive (dikes, pipes, diatremes, and plutonic complexes) and extru-
sive (lava and pyroclastic) bodies. According to Gibson and colleagues [36], the alkaline rocks in this province
include, among others. kamafugites, kimberlite, lamproite, and carbonatite complexes. The carbonatite com-
plexes of the Upper Paranaiba mclude Cataldo I and II at the northernmost end of the Province in the state of
Goias and Salitre T and II, Araxa Tapira, and Serra Negra in the state of Minas Gerais (Figure 1) Of particular
note is the Serra Negra dome, which contains a lake of the same name and a rich current deposit of sponge spi-
cules in the bottom sediments [34].

Sand lenses of Layer # 16 from Section 2, upper interval of the Cemitério Palaeolake outcrop, have previously
been dated using thermo-luminescence (TL) and optically stimulated luminescence (OSL) [31]. The TL resulted
in an age of 34.700 = 5000 yvr BP, whereas that obtamed using OSL was 27.500 = 4000 yr BP. Radiocarbon
dating of the basal-most layer (Layer # 5 from Section 1) indicated an age of more than 53.780 years HC yr BP
for a fragment of fossil wood and 51.780 = 400 “*C yr BP for a fern frond [32]. In addition to these, in layer
subsequent to the base (Layer # 2 from Section 2), radiocarbon dating of an angiosperm leaf obtained an age
from 48,333 = 400 years "*C yr BP [32] (Figure 1 and Figure 2).
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Figure 1. Geological map of the Alto Paranaiba Igneous Province, signaling the alkaline-carbonatite
plutonic complex of Cataldo I (Cataldo, Goias, central Brazil). Adapted from [37].

3. Materials and Methods

Samples removed from each of the 21, 19, and 13 layers of Sections 1. 2, and 3, respectively, were deposited
and catalogued in the Ponfera Collection of Museu de Cifncias Naturais da Fundagio Zoobotimica do Rio
Grande do Sul (MCN/FZB) under numbers MCN-POR. nr 8147 to 8200 [31]. Permanent shdes were produced
and mounted for taxonomic identification of the sponge spicules following as 1n [38].

Fragments of the spongillites and diatomites from the Palaeolake were also mounted on supports and placed
in a SEM (Philips Model X1.20) at the Centro de Microscopia da Umiversidade Luterana do Brasil (ULBRA-
RS). All the SEM supports contaming the studied materials were then included in the respective previously
catalogued materials. The presence of abundant sponge gemmoscleres was detected and identified using optical
microscopy to examine the permanent slides catalogued in the MCN. The specific identifications were made
according to [31] [32] Drawings of the gemmoscleres were prepared using Camera Clara to illustrate the dif-
ferent species identified These new analyses allowed us to refine the relative quantification proposed by [31] by
differentiating the facies formed by spicules from the sponge skeletons from others containing, in addition, the
spicules of the gemmules.

All the layers/sediments obtained from the Cemmtério Palaeolake sections were classified according to both
the particle size and organic matter {(OM) content at the Centro de Estudos Costeiros e Oceanogrificos da Um-
versidade Federal do Rio Grande do Sul (CECO-UFRGS). To establish particle size, the coarse sediments were
separated using a set of 1-mm @ sieves [39] [40]; whereas for fine sediments, the small particle sedimentation
method 1 a liquid medium, according to [41] was used. These results were compared to the descriptions of
these same layers performed i sifu [42]. This allowed us to pmpomt facies containing clasts and thus propose
the precise textural classification of each layer from the Cemitério Palaeolake The combustion-based OM
elimination method was used [43] to determine the OM content in the fine sediments (silt and clay). Layer # 14
from Section 1 and Layers # 12 and # 15 from Section 2 had previously been analysed for particle size and OM
content [32].

4. Results
4.1. Textural Classification

The result of the granulometric analysis and the corresponding textural classification of the facies from each of
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Figure 2. Profile of Section 1 {meters) illustrating from left to right: the results of the textural classification; the percentage
of organic matter; the occumrence of the spicules of each sponge species, according fo their category and abundance; figures
of the gemmoscleres with occurrence in this section. Abbreviations: A argillite; S, siltstone; Af fine sandstone; Am me-
dium sandstone; Ag, coarse sandstone; C. conglomerate/diamictite. Adaptated from [31] [32].

the three sections taken from the Cemitério Palaeolake is shown in Table 1 and illustrated in the distinct profiles
shown in Figures 2-4. The ternary diagram in Figure 5 shows that most of the facies from the palaeolake were
formed from a fine matrnx in the silt fraction, including those layers presenting clasts (Table 1). The latter were
classified as diamictites (Layer # 1, 6 and 8 from Section 1; Layers # 1, 5. 7, 11 and 14 from Section 2; Layers #
2,3, 5/6 and 12/13 from Section 3). Only Layer # 2/3 from Section 1 presented higher percentages of sand, and
was thus classified as a sandy conglomerate. Two layers presented higher percentages of clay and were classi-
fied as silt-mudstone, Layer # 7 from Section 1 and Layer # 10 from Section 3. In contrast. most of the facies
from the palaeolake showed higher percentages of silt and were thus characterized as silistones (Layers # 4, 9,
11, 12/13, 14, 15, 16 and 17/18 from Section 1; Layers #2, 3,4, 6, 8. 9, 10, 12 and 13 from Section 2; Layers #
1 and 11 from Section 3).

The layers formed predonunantly of sponge spicules and others formed by diatom frustules, respectively
spongillites and diatomites occurred in three Sections of the Cemitério Palaeolake (Table 1, Figures 2-4). The
spongillites were identified in Layer # 10 from Section 1, Layer # 15 from Section 2, and Layer # & (Figure 6(a),
Figure 6(b)) from Section 3. Wlulst the diatonutes occurred mn Layer # 5 from Section 1, Layer # 16 from
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Table 1. Results of the sedimentologic analysis of the layers of the Sections 1, 2 and 3 of the Cemutério Palaeolake, Cataldo,
GO: Organic matter (OM) and Granulometry (Gravel: absent = 0, minerals clasts = 1, organic clasts = 2). The results allowed
the proposal of the textural classification for each layer.

Granulometry ) .
Layers OM (%) : Textural classification
Gravel Sandy (%) Silty (¥a) Clay (%)
Section 1
1 1240 1 17.15 64.05 18.80 Diamictite of silty matnix
2 21.70 1,2 3741 31.83 730 .
3 7.50 1,2 34.06 25.74 i I e e
4 4490 0 0.24 92.00 797 Siltstone
5 19.10 0 0.20 5434 4545 Diatomite
6 1250 12 021 63.00 3619 Diamictite of silty-clayey matrix
) 13.70 0 032 41.00 58.78 Silty argillite
8 32.60 1,2 2134 63.36 13.30 Diamietite of silty matnx
9 23.60 0 0.11 7861 2128 Siltstone
10 3420 0 0.19 8331 16.50 Spengillite
11 41.10 0 0.03 8865 1132 Siltstone
12 20.20 0 024 20.11 19.65 Siltstone
13 23.80 0 0.23 8043 1932
14 1530 0 0.51 7330 26.19 Siltstone
15 2920 0 0.73 8379 16.14 Siltstone
16 62.10 0 0.19 85904 13.87 Siltstone
7 37.00 0 0.11 8405 1584 Siltstone
18 26.80 0 0.10 7052 2037
Section 2
1 10.65 1 1541 6193 22 .66 Diamictite of silty-clayey matrix
2 3250 0 0.28 7615 2357 Siltstone
3 1990 0 0.32 73.66 26.02 Siltstone
4 38095 0 032 8627 13.50 Siltstone
3 41.70 1,2 085 8228 16.87 Diamictite of silty matnix
& 37.50 0 0.19 8332 16.49 Siltstone
7 36.60 1,2 0.49 8136 1795 Diamictite of silty matnx
8 75.60 0 041 90.10 048 Siltstone
9 28350 0 041 77.73 2185 Siltstone
10 4880 0 0.95 90.64 841 Siltstone
11 3415 1,2 0.25 8221 7.54 Diamictite of silty matnx
12 2970 0 0.15 7568 2417 Siltstone
13 36.70 0 1.03 8703 11.03 Siltstone
14 21.30 1,2 0.26 1132 2841 Diamictite of silty-clayey matnx
13 34.05 0 0.90 8034 18.76 Spengillite
16 3055 0 0.02 7320 26.78 Diatomite
Section 3
1 28095 0 0.36 T6.46 2318 Siltstone
2 09.65 2 401 51.39 44.60 Diamictite of silty-clayey matrix
3 17.05 2 11.01 6951 19.48 Diamictite of silty-clayey matrix
4 2425 0 0.11 7068 2920 Diatomite
5 ¥
A ST R e —
7 2340 0 0.16 6897 3087 Dhatomite
8 3325 0 0.02 8238 17.10 Spengillite
- 9 2805 0 029 62.69 37.02 Diatomite
" 10 13.75 0 0.16 4781 5203 Silty argillite
11 16.83 0 0.13 69.20 30.67 Siltstone
12 30.75 2 0.03 3467 1530 . . )
13 2850 2 0.68 7408 vy, P
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Figure 4. Profile of Section 3 (meters) illustrating from left to right: the results of the textural classification; the percentage
of organic matter; the occurrence of the spicules of each sponge species, according to their category and abundance; figures
of the gemmoscleres with occurrence in this section. Abbreviations: A argillite; S, siltstone; Af fine sandstone; Am me-
dium sandstone; Ag, coarse sandstone; C, conglomerate/diamictite. Legend as Figure 2. Adaptated from [31] [32].

Section 2 and Layers # 4. 7 (Figure 6(c), Figure 6(d)), and 9 from Section 3. It should be noted that none of the
layers of spongillites presented diatom frustules, whereas there were numerous sponge spicules in the diatomuites.
The ternary diagram (Figure 5) also showed that the layers of spongillites and diatomites were associated with
the fine fraction of the sediments, as illustrated mn the profiles in Figures 2-4.

4.2. Analysis of the Sponge Spicules

The facies that contained abundant spicules from the skeleton of sponges (megascleres and microscleres) and
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Figure 5. Ternary diagram showing the granulometric relation between sandv/silt/clay in the lavers from Sections 1. 2 and 3
of the Cemitério Palaeolake. The circle indicates a single layer with higher percentages of sand, Layer # 2/3 from Section 1.
The arrows indicate the lavers with higher clay contents, Layver # 7 from Section 1 and Layer # 10 from Section 3.
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Figure 6. SEM images of the spongillite (3) (b) and diatomite (c) (d). respectively,
Layer # 7 and 8 from Section 3. (a) (b): Sponges megascleres; (c) (d): Diatom flustules.

also from the gemmules (gemmoscleres) consisted of siltstone (Layer # 11 from Section 1; Layers # 3, 4 and 12
from Section 2}, diamictites (Layer # 11 from Section 2; Layers # 2 and 13 from Section 3), and spongillites
(Layer # 15 from Section 2; Layer # 8 from Section 3). Gemmoscleres of Dosilia pydanieli. Corvohetero-
mevenia australis, Radiospongilla amazenensis, and Trochaspengilla variabilis occurred in all of these facies
(Figures 2-4). However, gemmoscleres of Corvomeyenia thumi and Metania spinata occurred only in the Lay-
ers # 11, 12, and 15 from Section 2 and Layer # 2 from Section 3 (Figure 3 and Figure 4). It should be noted
that M spinata occurred also with skeletal spicules throughout the three studied profiles from the Cemitério Pa-
lacolake [31], whereas the megascleres of . thumi were restricted to precisely the same layers where its gem-
moscleres occurred (Figure 3 and Figure 4). Heterorotula fistula which was only registered in Section 2 [31]
occurred also with its megascleres and gemmoscleres (Figure 3).

The facies that contamed only abundant spicules from the skeleton of sponges were siltstones (Lavers # 9 and
14 from Section 1; Layer # 13 from Section 2; Layer # 11 from Section 3), diamictites (Layer # 6 from Section
1; Layer # 14 from Section 2; Layers # 3, 6 and 12 from Section 3), diatomutes (Layer # 5 from Section 1; Layer
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#16 from Section 2; Layers # 4, 7 and 9 from Section 3), and only one of silt-mudstone (Layer # 10 from Sec-
tion 3) (Figures 2-4). The spongillites from Layer # 10 from Section 1 (Figure 2) also showed a predominance
of megascleres and microscleres.

4.3.0M

The results with respect to the organic content of the different rocks from the Cemitério Palaeolake, in addition
to the levels previously charactenized by [32] (Layer # 14 from Section 1 and Layers # 12 and 15 from Section
2), are presented 1n Table 1 and illustrated in Figures 2-4. In Section 1, two peaks of OM were recorded, one m
Layer # 4 and another m Layer # 16. In Section 2, Layers # 8, 10, and 13 stand out, whereas in Section 3, the
highest levels were detected in Layer # 8. However, when the three profiles from the Cemitério Palaeolake were
compared, the boxplot graph (Figure 7) showed that Sections 1 and 2 had the greatest vanation in OM, from
7.50% to 62.10% and from 10.65% to 75.60% (Figure 2 and Figure 3), respectively. The graph also showed
that most of the layers from Section 2 had high levels of OM (28% - 40%), whereas in Sections 1 and 3, the
percentage of OM was less than 30% in most of the layers (Figure 7).

4.4, Correlation of the Three Sections from the Paleolake

On the basis of the sedimentary features and the association of the preserved sponge spicules, 1t was possible to
correlate the three sections from the Cemitério Palaeolake (Figure 8). The deposit thickest sequence was de-
tected in Section 1, where it reached approximately 26.5 m m height (Figure 2). On the basis of the dating pro-
vided by [31] [32], it became clear that the base of this Palacolake was mainly exposed in Section 1 and con-
sisted of diamictites (Layer # 1) overlaid by a sandy conglomerate (Layer # 2/3), with a combined thickness of
approximately 6 m (Figure 2). The basal diamictites in both Sections 1 and 2 were characterized by the presence
of clasts of exclusively mineral origin (Table 1). Sponge spicules from five species of both lentic and lotic en-
vironments were also observed in both layers (Figure 8).
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Figure 7. Boxplot Graph showing the variation of organic matter i the Sec-
tions 1, 2 and 3 of the Cemitério Palasolake deposit.
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Figure 8. Lithostratigraphic profiles of the Cemitério Palaeolake, Catalio, Goias, illustrating the correlation
among the three analyzed sections (dashed line), the comesponding palaeoclimatic interpretations and geo-
morphological steps of the dome structure erosion (a-b, after [44]). taking to formation of the basin and its final
colmatation (c-f; modified from [457]).

The upper part of the basal portion of Section 1 was lost during the recovery procedures. A layer of siltstone
followed, with high levels of OM and presence of sponge spicules exclusively from a lentic environment (Layer
# 4 Figure 1) Similar features occurred in Layer # 1 from Section 3, allowing these two sections to be corre-
lated (Figure 8).

The subsequent layers in Section 1 corresponded to two diamictites separated by a layer of silt-mudstone
(Layers # 6, 7 and 8; Figure 2). Alternating layers of diamictites and siltstones characterized the longest se-
quence in Section 2 (Layers 2 - 15; Figure 3). The diamictites in these two sequences, from Sections 1 and 2,
presented clasts of both mineral and orgamc onigin (Table 1), allowing for a correlation to be made between
these two sections. This correspondence was also confirmed by the considerable decrease in spicules in both
sections.

The correlation found between Layers # 11 to 15 from Section 2 and Layer # 2 from Section 3 is based on the
occurrence of C thumi, which 1s restricted to these layers (Figure 8).

Field observations [42] indicated two guide levels between Sections 1 and 3. The first consists of a thin layer
of spongillites between two layers of diatomites, occurring in Layers # 7, 8, and 9 from Section 3 (Figure 2 and
Figure 4) and juxtaposed to that of the diamictites in Layer # 8 from Section 1 (Figure 8). The second corre-
sponds to a paleosols facies sampled at Section 1 (Layer # 14; Figure 2) and top of Section 3 (Figure 8).
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5.Discussion

The ages provided by [31] [32] for Sections 1 and 2 of the Cenutério Palaeolake, together with the sedimentary
features and associated spicules, suggest the existence of five distinct phases of climatic regimes that mfluenced
the nature of the deposit from the base to the top (Figure 8).

5.1. Phases I and Il

Phase I, which was older than 51.780 C yr BP [32]. was formed during high levels of precipitation. as indi-
cated by the dianuctites and also by the conglomerates, favouring flows of unselected sediments resulting from
the erosion of the dome and that accumulated 1n the areas with less steep slopes (Figure 8(a)). Machado and
colleagues [34] demonstrated that a simular process is occurring i the dome of the Serra Negra, which exhibits a
centripetal drainage system that accumulates in the centre. Phase I can be taken as the mtermediate step of ero-
sion of dome structures as described by [44]. The mcorporation of organic clasts during this phase (Figure 2 and
Figure 8) indicates a change from an and to a hunud climate. Thus, the occurrence of higher pluviosity fa-
voured the formation of a lotic system, forming a layer of sandy conglomerate, which retained sponge spicules
from lotic environments.

Phase II. which was dated from 51,780 = 400 *C yr BP [32]. features a shallow lake system with free perma-
nent water coverage, mtense illumination in the water column, scattered macrophytes, and stable water levels
(Figure 8(h), Figure 8(c)), as indicated by the diatomite layer contaiming the skeletal spicules of sponges from
lacustrine environments [31]. Machado and colleagues [34] demonstrated the presence of abundant megascleres
and microscleres in the bottom sediments of the actual lake on the Serra Negra Dome and attributed this to the
perenmial nature of this lake. Volkmer-Ribeiro and colleagues [26] reported that the predonunant species of
sponges 1 the diatomite rocks in the northeast region of Brazil are those that occur in shallow lakes exposed to
full sunlight and limited water movement.

Corvoheteromeyenia australis. for the first time identified in a spongillite-forming community, is endemic to
South America and was described from living material collected in Argentina [46] [47]. Its occurrence in the
Cemitério Palaeolake, from Phase 1. and its absence in the current Serra Negra Lake [34]. indicates that a colder
climate prevailed in central Brazil during the formation of the Cenuténio Palaeolake.

Table 2 provides a comparison of palacoclimatic mterpretations of the developmental stages of the Palaeolake

Table 2. Interpretations of the climatic evolution along the 5th phases detected in the Cemitério Palaeolake, compared with
those already presented for central/southeast Brazil.

Age F Facies Interpretation Bibliographic comparison
ey Layers # 1 and 2/3 ok 5
.L-qgl}; SBti}:I: 400 1 ﬁ'om Section -1; Layer Cold and rainy gPoqmldSﬁgI[}-j;hmate between 40,000 and 50,000 yr
) # 1 from Section 2 iR
Layers # 4 and 5
51,780 + 400 o from Section 1; Cold and wet An increase in moisture at low temperatures as from
He yr BP. Layer # 1 from 45,000 yr BP m Sahire and Serra Negra [1] [2].
Section 3
= A slow decrease in vegetation as from 36,700 yr BP in
Betmeen e Séo Paulo [$]; Seasonality during this period in Serra Negra
34,700 2 5000 Ia %9 15= Se il [1]; Stable water levels in the Salitre basin between 33,000
g RN |) e R _ and 40,000 yr BP [2]. However, both records [1][2]
and 48,333 £ 370 from Section 2; gradually warming Aani : during thi iod
e y1BE. Layers # 2 and 3 reported an increase in temperature g thiz peno
P A more seasm_ml cllma_tg 15 suggt_ested from 28300 to
32,000 yr BP in Crominia [3] [4].
Expansion of the Atlantic forest and high humidity in
the period between 28,225 and 30,400 yr BP. in the region
R Layers # 9-14 of 580 Paulo [8]: Presence for the Cromima deposit of a
37 500 = 4000 from Section 1; shallow lake sm'rounden:_l by open counfryside with a wetter
and 34.700 < 5000 IV Layers # 16 from Cold and wet and probably cooler period between 20,000 and 27,000 yr
TBP : Section 2; Layers # BP. when compared to the present [3] [4]; The same was
¥ ’ 4 - 13 from Section 3 indicated for Aguas Emendadas between 21,000 and
24,000 vr BP [6]. Higher rainfall in a slightly cooler and
less seasonal climate betwesen 26,206 and 28,166 yr BP [27].
s Colder and drier conditions in southem and southeastem
}félﬁm SR g Tt Cold ail day Bearil dharings fhie T ast Clissin] Musswwsn {1.GH0). ns o

25,000 vz BP [2] [5].
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with other records produced for central Brazil. The oldest dating available for this region was presented by [2].
through the analysis of pollen and algae deposited m the Serra do Salitre, MG. alkaline carbonatite dome. which
1s stmular to those of the Cenuténio Palaeolake and the Serra Negra Lake (Figure 1). The authors based their ar-
guments on a correlation with a deposit studied precisely in the Serra Negra Lake [1], and with the oldest dating
of 42,000 yr BP, and indicated a cold and dry climate between 40,000 and 50,000 yr BP. In both the Salitre and
Serra Negra deposits, that phase was followed by a change in the landscape as from 45,000 yr BP. The increase
in tree pollen, with the occurrence of some originating from colder climates, suggests an increase 1 moisture at
low temperatures. The proposed sequence for Phases I and IT of the Cemitério Palaeolake does not differ from
the palaeso-interpretation, although the results presented for Phase I suggest that an increase in rainfall and hu-
midity began at a time earlier than 51.780 C yr BP. A record submitted by [3] obtained from the coastal
mountains, i this case in S0 Paulo, showed that the Atlantic Forest expanded in the same region duning the last
100,000 yr BP, thus confirming the occurrence of wetter periods during the late Pleistocene, as was also indi-
cated in the deposits from central Brazil.

To explain the colder temperature during the late Pleistocene. several authors have suggested that polar incur-
sions from the south might have been more frequent during that period [2] [5] [7] [8]. Furthermore, Ledru and
colleagues [8] also suggested that these incursions had a significant impact on the climate of South Amenca
during the last glacial period. This would explain the presence of C. australis in the Cenutério Palaeolake as
well as 1ts bio-geographical position today, with 1ts occurrence restricted to southern South America.

5.2. Phase III

Phase IIL dated from just under 34,700 = 5000 to 48,333 = 370 *C yr BP [31] [32]. is characterized by an alter-
nating sequence of siltstones and diamictites, as seen mainly in Section 2. Lavers # 2 to 15, where there was still
a layer of spongillite 1n the top layer (Figure 3 and Figure 8). This alternation indicates the presence of periods
of heavy ramnfall that caused mudslides (diamictites). intercalated with long periods of lacustrine sedimentation
(siltstones and spongillite). In fact, Machado and colleagues [31] indicated the rare occurrence of sponge spi-
cules typical of lotic environments, whereas spicules from sponges typical of lakes were abundant (Figure 3).
However, the layers of siltstone in Section 2 were distinguished from the other facies i the Cemitério Palaco-
lake deposit by the high levels of OM (Figure 7) as well as by the abundance of spicules, there mncluded gem-
moscleres (Figure 3).

Gemmules are asexual reproductive structures produced by particularly continental sponges, during periods of
adversity such as dry periods [48] [49] However, the specific identification of the gemmoscleres from the Ce-
mitério Palaeolake revealed that Layers # 11, 12, and 15 from Section 2 and Layer # 2 from Section 3, on top of
Phase IIT. were unique in showing that the entire sponge community of the Palaeolake, including the species C.
thumi. was in the process of forming gemmules (Figure 3 and Figure 4) The latter species only occurred during
periods of drastic reduction in the water column and encrusted substrates very near the water surface, as was
seasonally observed by [50] m the seasonal lakes of the Maraca Island that, with the exception of H. fistula,
contained the same community of sponges detected i Phase III. Volkmer-Ribeiro and Turcq [38] report this
species as an excellent palasoenvironmental indicator. Moreover, several studies of columns of sediment from
the Serra dos Carajas. Para, have used the presence of C. thumi gemmoscleres to define successive stages of
drought during the Holocene [16] [17] [51] [52]. Machado and colleagues [32] detected fully preserved gem-
mules of C thwmi precisely in Layers # 12 and 15 from Section 2, thus corroborating with the proposed inter-
pretation. Furthermore. C thumi also indicates an increase in temperature during the development of Phase IT1,
with warmer dry seasons. at least when compared with the other phases of the Cemuténio Palaeolake. Interest-
ingly, Heterorotula fistula was restricted to Section 2 [31] and was the most abundant species among diatonutes
from the northeast of Brazil [26].

This fluctuation 1n water level during Phase III of the Cenutério Palaeolake explains the higher organic levels,
between 28% and 40%. m the layers of Section 2 (Figure 7). These levels were sinular to those detected 1n the
sediments from the current Serra Wegra Lake. with just over 30% OM [34] However, an abundance of spicules
from the skeletal structure of the sponges, which are suggestive of continuous sponge production allowed by
permanent water levels as indicated for the Serra Negra Lake. only occurred i a thin layer of siltstone at the top
of Phase III (Layer # 13; Figure 3), and so, for a very short period of ttime. The ligh altitudes common to Cemu-
tério Palaeolake and Serra Negra Lake indicate that the peaty sediments in Phase III of the palaeolake (Figure
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8(d)) were produced during a similar microchme. although more seasonal than the actual one acting on Serra
Negra Lake.

The palaeoenvironmental and palaeoclimatic interpretations presented for Phase III of the Cenuténio Palaeo-
lake can be compared with those proposed by [8] (Table 2), who suggested that a slow decrease in vegetation
occurred from 36,700 yr BP. This period could be correlated with the sequence of Phases IT and ITI of the Cemi-
tério Palaeolake. In this sense. the retraction of the forest could have been caused by the occurrence of succes-
sive periods of drought De Oliveira [1] also inferred the occurrence of seasonality in the Serra Negra deposit
during this period. In contrast, Ledru and colleagues [?] reported more stable water levels in the Salitre basin
between 33.000 and 40,000 yr BP and suggested the higher altitude of Salitre 1n relation to Serra Negra nught
account for this difference. However, these authors cited a gap in the Salitre record. followed by the formation
of a peat bog, just over 32,000 yr BP. Both records [1] [2] reported an increase in temperature, as proposed in
the present study for Phase III of the Palaeolake. Likewise, a more seasonal climate, simular to the current one,
was suggested by [3] [4] mn profiles collected from a vereda (Burtizal) at a height of 710 m i the region of
Crominia, Goids. These authors emphasized that prior to 32.400 yr BP. a vereda and a gallery forest existed on
the site and the surrounding area was occupied by a wooded Cerrado. Barben and colleagues [6], who analysed
pollen obtained from a vereda on the top of a plateau (1040 m) in Aguas Emendadas, near the city of Brasilia.
suggested that peat deposition began in the area 30 480 yr BP (Table 2).

5.3. Phase IV

Phase IV, which has been dated to be between 27,500 = 4000 and 34,700 + 5000 yr BP [31]. includes the long-
est sequences m Sections 1 (Layers # 9 to 14, Figure 2) and 3 (Layers # 4 to 13; Figure 4). and the diatomite
from Section 2 (Layer # 16; Figure 3) (Figure 8). Diatomites and siltstones with abundant spicules from the
skeletal structure of the sponges are typical facies in this phase and indicate a basin covered with free permanent
water, intense illumination in the water column, and scattered macrophytes (Figure 8(e)). as was also described
in Phase II. Fluctuations in the water column which also occurred during this phase are documented in the
spongillite as well as in the layers with abundant spicules and gemmoscleres. However, these periods could not
be compared to those described for Phase III. The absence of C. thumi and. moreover, of gemmoscleres from M.
spinata indicate that the reductions were minimal and short, indicating the predominance of a wetter and less
seasonal climate. The formation of diamictites m Section 3 1s noteworthy. as observed dunng this phase (Figure
4 and Figure 8). However, these are distinct from the other diamictites formed m the Palaeolake because the
clasts exclusively consisted of OM [42]. Accordingly. this observation confirmed the presence of lighter rainfall
duning this period, thus favouring the leacling of the lighter, orgamc, clasts mto the basin.

Concurrent with Phase IV of the Cemitério Palaeolake (Table 2), [1] [2] signalled a hiatus in the Salitre and
Serra Negra deposits that was probably due to local events, since the result for this phase of the Cemitério Pa-
laeolake indicated the existence of a period with permanent water levels and, therefore, wetter conditions. Such
results conform also those of [2]. who recorded the expansion of the Atlantic forest and high humidity dunng the
period between 28,225 and 30,400 yr BP, 1n the region of S3o Paulo. Moreover, the records subnutted for the
Crominia deposit [3] [4] indicated a retraction of arboreal and shrub elements in the region from 28,300 to
32.000 vr BP, followed by substitution of the vereda by a shallow lake surrounded by open countryside. This
suggests a wetter and probably cooler period between 20,000 and 27,000 yr BP, compared to the present. For the
profile studied in the vereda peat bog in Aguas Emendadas [6] between 24 000 and 25,790 yr BP, pollen grains
and algal remains indicate the presence of a marsh surrounded by patches of open Cerrado and gallery forest on
top of the plateau. In addition, between 21,000 and 24.000 vr BP, the vegetation was denser than that of the pre-
sent period, with abundant aquatic plants and some trees from cooler climates, suggesting a wetter and probably
cooler climate. In more lowland terrains in central Brazil, Almeida and colleagues [27] presented the results of
palacoenvironmental interpretations m spongillite deposits from the region of Jodo Pinheiro, MG (average alti-
tude of 560 to 600 m). According to the composition of the identified spicules and sponge community, the au-
thors described the development of these palaeo-basins to be from 28,166 vr BP. At an earher period, they sug-
gested the basin was formed over a slight depression in the terrain, giving rise to a shallow lake and initially fa-
vouring diatoms. This phase was followed by a period that was more favourable to sponge settlement, mainly by
M spinata_ without the formation of gemmules, which led the authors to suggest that concurrent with the deep-
ening of the pond. there was a higher ramnfall m a slightly cooler and less seasonal climate. Later, for the period
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between 26,206 and 26,656 yr BP, due to the presence of gemmoscleres, the authors reported a reduction m the
water level and suggested periods of intermittent short droughts and rainy seasons, although without heavy
downpours. Thus. these results also corroborate those presented for Phase IV of the Cemitério Palaeolake.
Almeida and colleagues [27] reported an age between 13 887 and 14 495 yr BP for the layers of “pure” spongil-
lite deposits from Jodo Pinheiro, thus impeding any correlation with spongillite deposits from the Cemitério Pa-
lacolake.

5.4. Phase V

Phase V covered the period of less than 27.500 = 4000 yr BP [31] and 1s characterized by siltstone facies sam-
pled only at the top of Section 1, Layers # 15 to 18 (Figure 2 and Figure 8). The volume of OM increased,
whereas sponge spicules decreased until they completely disappeared. This phase witnessed the complete filling
of the basin (Figure 8(f)) and can be correlated with the Last Glacial Maximum (LGM). which occurred be-
tween 11,000 and 25,000 yr BP, as indicated by [2] [5]. where colder and drier conditions prevailed in southern
and central Brazil (Table 2).

6. Genesis of Bio-Siliceous Accumulations

The layers of spongillites in southeastern Brazil [19] [26] [27] were thick and. at the base_ contamed spicules of
M. spinata, with contnibutions from D. pydanieli and H. fistula and, above, 1n the transition to the layer of peat,
T variabilis and R. amazonensis. In the top, peaty layer, there were also spicules from C thumi and gemmo-
scleres from all six species. The layers of spongillites in the Cemitério Palaeolake deposit were thin and con-
tained C australis [31], whereas C. thumi and H_fistula only occurred in the spongillites in Layer # 15 from
Section 2 (Figure 3), which also contain an exceptional amount of whole gemmules [32]. Volkmer-Ribeiro and
Motta [19] attributed the existence of the most basal layer of the spongillite deposits to a deeper palaco-envi-
ronment with a greater abundance of submerged macrophytes, the preferred substrate of M spinata [33], which
did not occur during the evolution of the Cemitério Palaeolake. The absence of diatoms in the spongillite layers,
as also observed in the Cemutério Palaeolake. 15 a typical feature of such deposits, precisely because the abun-
dance of macrophytes prevents light, which 15 essential for photosynthetic organisms such as diatoms, from
penetrating the body of water. However. the presence of sponge spicules is common in lavers of diatomites [9]
[13] [23] [26]. Thus, the alternating layers of diatomites and spongillites in the Cemitério Palacolake deposit in-
dicates vanations in the permanence of water levels, causing the establishment of a greater or lesser degree of
macrophytic vegetation and, concomitantly, more or less light penetration.

The decrease in the availability of water from Phase I to Phase II, which favoured diatoms imparted a signifi-
cant effect on the characteristics of the lentic environment inside the Cataldo I dome. This interpretation has
previously been inferred for shallow basins, remarkable for the accumulation of diatoms in northeastern Brazil
[26]Moreover. Movle and Dolley [22] reported that the areas of diatomutes in continental U S A were also asso-
ciated with small lake systems formed by the clogging of lotic systems. Almeida and colleagues [27], when
comparing sponge species present in two profiles of lakes with spongillite deposits in the region of Jodo Pin-
heiro, MG, confirmed the results reported by [26] and added that, in the case of karst environments, the process
of forming palaeolakes that favour the production of diatoms occurred due to the slow dissolution of carbonate
rock, without the immediate establishment of macrophytes, but instead a shallow sheet of water exposed to the
sun. In the case of spongillites. the karst process would mvolve the undermuning of the bottom of lakes, thus
generating initially deeper basins. There is no doubt that the intense lotic environments during Phase I (Figure
§(a)), contributed to the large volume of water and. consequently, to the increased physical and chemical weath-
ering at the bottom of the lake. which is typical of karstic lakes, as also noted by [31].

The availability of silica 1s important 1n the formation of sponge spicules [53]. as well as that of diatonuc al-
gae [22]. Machado and colleagues [34] highlighted the lugh levels of silica dissolved in the water of the Serra
Negra Lake (8 to 32 mg/L) and showed that these were denived from the rocks in the volcame dome. Pisera and
Saez [23]. who described Ephvdatia chileana from gemmules fully preserved in the diatomite layer within allu-
vial-lacustrine deposits from the Late Miocene Quillagua Formation, in the Atacama region of Chile, attributed
the high silica content in the lake environment to the voleanic origin of the sediments, thus encouraging the de-
velopment of diatoms and freshwater sponges. Moreover, Moyle and Dolley [22] indicated that diatomite depos-
its 1 North American were generally associated with volcanic terrams. which supplied the silica needed for the
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skeletal development of diatoms. Barbosa and colleagues [37] reported that the Igneous Province of Upper
Paranaiba are nich m silicate rocks. Given that the pyroclastic deposits and lavas of this Province also covered
large areas of the Mata Corda Group [36] [54]. it was reasonable for us to mnfer that these rocks were, and stll
are. an important source of silica for the surrounding aquatic environments. as are those of the Areado Group, as
indicated by [55]. The rocks of the Igneous Province of the Alto Paranaiba are located between the Parana and
Sio Francisco Basins, one of the most important watersheds in Brazil (Figure 1).

Hilgen and Krijgsman [30], who studied the Tripoli diatonute formation in three distinct deposits i Sicily, It-
aly. astronomically dated at 7005 Ma, highlighted the intercalated occurrence of homogeneous marls/clays, dia-
tomutes, and layers of sapropels, and noted a very strong relationship between the sapropels and diatomites, re-
lating the availability of nutrients in the sapropel as being of paramount importance for the mtense production of
diatomuc algae and thus formation of diatonmtes. Accordingly, the reduction m the water column dunng the
formation of the spongillites in the Cenuténio Palaeolake favoured the accumulation of OM and nutrient supply
for consumption by the diatoms. as new rainfall occurred. Moyle and Dolley [22] stated that nutrients such as
phosphates and nitrates were made available in the water column when organisms died and decomposed on the
lake bottom. This would explain the presence of diatomites and spongillites in the Cemitério Palaeolake, and
their intercalation, as in the case of Layers # 7. 8, and 9 from Section 3 or even the sequence of spongillites fol-
lowed by diatomites in Section 2 (Layers # 15 and 16) (Figure 3 and Figure 4).

Regarding the need of diatoms for light, the formation of diatomites was linked to the wetter phases of the
Cemitério Palaeolake (Phases IT and IV), which suggested greater cloud cover and less sun exposure. However,
photosynthetic organisms such as diatom algae would not have produced such deposits without full light hitting
the water column of the Palasolake In this regard, Hilgen and Krijgsman [30] highlighted a very clear correla-
tion between the depositional periods of sapropels and diatomuates with the patterns of maximum msolation and
nunimum precession, particularly m the Northern Henusphere. The formation sequence of the two diatonute fa-
cies dated in the Cemitério Palaeolake (Phase II and IV, Figure 8). corresponded to a periodicity of approxi-
mately 22,000 yr. which coincided with the complete precession cycle of approximately 20,000 yr prior [56].
Berger and Loutre [56] produced figures for the astronomical parameters of the Earth’s orbit, eccentricity,
obliquity, and precession in the Quaternary. In terms of the precession cycle, the illustrations provided by the
authors showed maximum values shortly before 50,000 yr BP. Around 30,000 yr BP, the precession values were
increasing and reached their maximum just before 20,000 yr BP. Thus, m the case of frequent clouds and shorter
sun exposure, the occurrence of an orbital event that increased solar mtensity i the Southern Hemisphere such
as during maximum precession, could have favoured the formation of the diatomites during Phases IT an IV in
the Cemitério Palaeolake.

7.Final Remarks

The results of the analysis of the freshwater sponge spicules from the Cemitério Palaeolake deposit were highly
sigmficant towards not only the reconstitution of palasoenvironments, but particularly those of palasoclimates.
At least two species could be here highlighted as good climatic indicators. Corvoheteromeyenia australis, which
1s now restricted to southern South America, stands out as an indicator of colder and wetter weather. Accord-
ingly, the data suggest that polar incursions onginating in Antarctica were commeon during the late Pleistocene
and may have played a notable role in the humidity of central Brazil during the period > 51,780 = 400 *C yr BP
until the beginning of the LGM, when drier conditions began to predominate. Corvemeavenia thumi is again con-
firmed as a sponge species mdicator of environments subjected to marked seasonal droughts. In the case of the
Cenuténio Palaeolake, the restriction of the presence of this species a little before 34,700 = 5000 yr BP, at the
upper part of Phase II1, suggests the occurrence of a more seasonal climate.

The Cemitério Palaeolake stands out as a remarkable deposit, if not unique one in Brazil and in the world, to
illustrate the formation of spongillites and diatomites in a same basin. The present study disclosed also environ-
mental conditions, at Phase IT and IV, which were more favourable for diatoms as demonstrated by their more
voluminous facies. In spite of the fact that the spongillites of the Palacolake were distinct from other spongillite
deposits in the country, the Cemitério Palaeolake was also seen to favour the establishment of communities of
sponges common to the Cerrado Biome. In this sense, the karst processes that led to the formation of small pa-
laeo-basins m central Brazil duning the Quaternary, and that are still operating, as i the curmrent Serra Negra
Lake, enabled/enable the formation of lakes under environmental conditions that have favoured the continued
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existence of a unique sponge community from at least 51.780 + 400 *C yr BP.
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ABSTRACT

The Cemitério Paleolake, Catalio, Goias, is a lacustrine deposit that istich in spicules of continental sponges.
These spicules, which are present m three sections (1-3), were analyzed for the taxonomic identification of
the species m order to reconstruct the late Quaternary palaecenvironment. An mdigenous assemblage of
lentic sponges was found, consisting of Metania spinata (Carter 1881), Dosilia pydanieli Volkmer-Ribeiro
(1992), Radiospongilla amazonensis Volkmer-Ribeiro and Maciel (1983), Trochospongilla variabilis
Bonetto and Ezcurra de Drago (1973), Corvomeyenia thumi (Traxler 1895), Hererorotula fistula Volkmer-
Ribeiro and Motta (1995), plus Corvoheteromevenia australis (Bonetto and Ezcurra de Drago 1966), which
here has 1ts first record m an assemblage formed by biosiliceous deposits. Furthermore, at the base of
the sections, spicules of sponges from lotic environments were detected, including Corvospongilla seckti
Bonetto and Ezcurra de Drago (1966). Oncosclera navicella (Carter 1881) and Eunapius fragilis (Leidy
1851). which suggests a contribution from flowing water. We identified 25 spongofacies horizons caused
by sponge assemblages typical of a lentic environment, dated from at least 39,700 vears BP., and currently
occurring in lakes typical of the Cerrado Biome.

Kev words: Cerrado Biome, contmental sponges, Quaternary paleomierpretations, sediments, spicules.

INTRODUCTION roots, rocks, branches of riparan vegetation or

tree trunks i regions that experience seasonal

Continental sponges (Phylum Porifera) are amimals
that can be found m any, permanent or temporary,
body of fresh water under natural conditions, e g,
rivers, lakesand in coastal mixohaline environments.
They are sessile and live attached to a submerged
or an emergent substrate, such as macrophyte

Correspondence to: Vanessa de Souza Machado
E-mail: biologavsmi@gmail com

flooding, such as the floodplamns of the major
Amazoman rivers (Volkmer-Ribeiro and Pauls 2000).
The spectfic identification of continental sponges
1s based on the set of spicules of each species.
The gemmoscleres, which are the spicules of the
gemmules, are the most important morphological
character in the characterization of families, genera
and species. Likewise important are microscleres

An Acad Bras Cienc (2012) 84 (1)
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and megascleres, which are the spicules that
make up the body of the animal. The gemmules,
which are the asexual reproduction structures,
have been crucial i the occupation of continental
environments and ensure the survival of the species
mn seasonal habitats, bemng also important structures
for the dispersion of the ammals within aquatic
microenvironments (Volkmer-Ribeiro 1981).

The siliceous spicules of continental sponges
can be seen m sedimentary rocks due to thewr
amorphous silica composition (opal). Following
death, the body of the sponge remains in the water
column, and the spongin rapidly decomposes,
releasing the siliceous spicules that are deposited
in sediments. When the dramnage is reduced and
the production of the sponge 1s volununous, the
accumulation of these spicules m sediments can
produce biosiliceous muneral deposits known as
spongillites  (Volkmer-Ribeiro 1992, Volkmer-
Ribeiro and Motta 1995).

The taxonomuc and ecological study of thus
fauna has revealed the preference of different
species/assemblages for specific  enviromments
(Volkmer-Ribeiro and Machado 2007). As these
events are repeated, it has been proposed that
these species/assemblages be used as indicators of
such environments, thus providing tools for paleo-
environmental mterpretations mn the Quaternary.

The first studies mvolving the use of spicules
from continental sponges m environmental paleo-
interpretation were carried out as from 1974, and
demonstrated the occurrence of spicules of extant
species mn sedimentary rocks of the Quaternary
(Racek 1974, Hall and Herrmann 1980, Harrison et
al. 1979, Harrison and Warner 1986, Harrison 1988,
Gaiser et al. 2004).

Martin et al. (1992) identified the continental
sponge Corvomeyenia thumi (Traxler 1895) m a
paleolake profile from Eastern Amazoma in the
Serra dos Carajds, Pard, Brazil, dated between
7.000 to 4,000 years BP. This species 1s adapted
to episodic drought, which led to the conclusion

An Acad Bras Cienc (2012) 84 (1)

that the inferred regression of the forest was not
due to ongoing drought, but to successive periods
of drought, a result corroborated by geochemical
and palynological evidence. Sifeddine et al. (1994)
expanded the study to another paleolake profile
in Carajas (Southern Amazon) and showed that
both lakes may have evolved through different
paleohydrological periods. They also identified in
the last 8000 years BP. the alternation of charcoal
deposits, which indicate paleofires, and amorphous
silica in the form of sponge spicules from C. thumi.
The authors concluded that, during this time
period, the weather conditions were probably on
average better for the development of forests, but
these developments were regularly interrupted by
fire since the presence of C. thumi gemmoscleres
indicated successive periods of drought, with a
reduced water column.

Volkmer-Ribeiro and Tureq (1996) presented
a scanning electron microscopy (SEM) analysis of
spmes from C. thumi present in two profiles from the
Serra dos Carajas, and demonstrated that extremely
short periods of immersion, related to the availability
of precipitation and mmoff in the system, can cause
a gradual series of incipient formations preserved
at the tume of deposition of sediments. They also
concluded that the sequence of spicules observed in
both profiles indicated a global chimate change, with
stages of retraction and expansion of forests during
the last 30,000 years, which is supported by pollen
and geochemical analysis.

Volkmer-Ribeiro et al (2004) statistically
evaluated the content of gemmoscleres from the
species Ephvdatia facunda Weltner (1895) in
current sediments from seven coastal lagoons in
the Taim Hydrological System Rio Grande do
Sul, Brazil. The applied methodology revealed the
evolution of this system, with the greatest sponge
production related to an enrichment of organic
matter, which reaches 1fs culmination i the marsh
environment. Volkmer-Ribeiro et al. (2007) again
identified the species E. facunda in sediments of the
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Lujan Formation, west of the city of Lujan, 63 km
from Buenos Aires, Argentina, concluding from the
evidence that there had been a period of lacustrine
sedimentation m a coastal lagoon environment
(from 11,060 to 10,420 years BP), which 15 also
corroborated by the presence of frustules from the
diatom Hyalodiscus subdlis (Bailey). They also
pointed to a relationship between this deposit and
transgressive events prior to the studied formation.

Parolin et al. (2007), through the presence of
continental sponge spicules in sediment profiles in
the floodplamn of the Esperan¢a River, Taquarussu
region, Mato Grosso do Sul, Brazil, suggest the
occurrence of flood pulse between 4610-4010 years
BP. Almeida et al. (2009), after taxonomic and
taphonomic analysis of the spicules of continental
sponges in spongolite deposits in the region of Jodo
Pinheiro, northwest of Minas Gerais, Brazil, pointed
to alternating periods of wet and cold weather and
drier clunate, with torrential rainfall between the
Upper Pleistocene and Holocene in this region.

Parolin et al. (2008), after the identification of
sponge spicules typical of distinct environments
and using a vibro-core sample in sediments at
Samambaia Lake, Taguarussu, Mato Grosso do
Sul, Brazil, characterized the alternation of lentic
and lotic phases from the late Pleistocene to middle
Holocene. At that tume, the term “spongofacies” was
proposed and defined for facies with a predominance
of sponge spicules that, when identified, indicate
specific palecenvironmental characteristics.

The Cemitério Paleolake deposit formed
over a dome of carbonatite magma rock in the
central part of the Cataldo I Carbonatite Complex,
in Cataldo, Goids. The rocks in the deposit have
a large amount of continental sponge spicules,
which to date had not been identified. The focus
of this paper, regarding a faxonomic study
of this paleolake deposit, reveals that sponge
assemblages contributed substantially to this
deposit. The spongofacies technique of Parolin et
al. (2008) was applied in order to identify horizons

and develop a more robust understanding on the
evolution of the deposit during the Quaternary.
The results presented herein correspond to an
unpublished component of the Master’s thesis of
the senior author.

MATERIALS AND METHODS

The Ultramafic-alkaline-carbonatite complex of
Cataldo I 1s located 15 km from the center of the
municipality of Cataldo, southeast Goias (18°08°S
47°08 W Fig. 1). The Cenutério paleolake outcrop
mcludes a lacustrine deposit with a contmuous
exposure (Fig. 2) caused by the filling of a
depression located m the central part of the Cataldo I
Carbonatite Complex, where the sedimentary rocks
lie discordantly on a dome of magmatic carbonatite
rock from the Upper Cretaceous (Ribeiro et al
2001). Data were collected by Dr. Roberto Iannuzzi
and Dr. Nelsa Cardoso by removing blocks of

rock from each sediment layer, either manually or
with the aid of machines provided by the Fosférril
mining company. Three stratigraphic columns were
recorded in distinct localities along the exposure.
Samples were collected from the three sites from
top to bottom, with 21, 19 and 13 collected layers at
Sites 1, 2 and 3, respectively (Figs. 2, 3).

Forthe Optical Microscope (OM) identification
of the sponge spicules in the sediments, a specific
laboratory technique was applied to obtamn
permanent slides. About 035 cm’ parcels of
sediments were prepared following the procedure
of Volkmer-Ribeiro (1985) for each of the sampled
horizons at Sites 1, 2 and 3. Three shides were
prepared for each horizon subsample. In addition,
specific dissociations were carried out for the
release of spicules (Volkmer-Ribeiro and Turcqg
1996) in order to produce clear Scanmng Electron
Microscope (SEM) images, which were obtamed at
the Microscopy Center of the Lutheran University
of Brazil (ULBRA).

An Acad Bras Cienc (2012) 84 (1)
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The presence of spicules in different rocks was
visually evaluated and qualified by OM (permanent
slides) and in the rock frapments (Stereoscopic
Microscope —magmifiying glass) as: (S) spongofacies
(abundant spicules, according to the defimtion
proposed by Parolin et al. 2008); (F) few spicules;
and (A) absence of spicules.

All sediments related to the layers and/or levels
from the three Sections, as well as permanent slides
and prepared SEM supports, have been cataloged
in the Porifera collection of the Museum of Natural
Science (MCN-POR), Zoobotanic Foundation of
Rio Grande do Sul (FZB), with the reference MCN-
POR nr 8147 to §200.

b
AT 4818 43" \\

18"0711,63"

L

Fig. 1. Location map of the Carbonatitic Complex of Cataldo I, which is
the depositional site of the Cemitério Paleclake. Meodified from Cardoso

and Iannuzzi (2006).

Section 3 Section 1

Section 2

—————'—'_'__’_______\_.—"\k_

Fig. 2. Photograph of the Cemitério Paleolake. The white line traces the limits of the deposit. The black bars indicate the position of the three
sampled sactions.
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RESULTS
TAXONOMIC STUDY

Dosilia pydanieli
Volkmer-Ribeiro (1992)

Fig. 4a; Table I

Dosilia pydanieli Volkmer-Ribeiro (1992): 329,
Fig. 2e; Volkmer-Ribeiro and Mofta (1995): 149;
Volkmer-Ribeiro et al. (1998a): 274; (1998b): 411;
Volkmer-Ribeiro (1999): 4; Candido et al. (2000):
88, Figs. 3-11; Parolin et al. (2003): 17; (2008): 191,
Figs. 6B, C, 7D, E; Almeida et al. (2009): 126, Figs.
2A, B: Céndido et al. (2010): 443-444, Figs. 56-62.

TABLEI
Category and measures (um) of spicules of D. pydanteli detected

in the three studied sections. All categories are frequent.

] Measures Average Average
Spicule length  width
Categories
Gemmoscleres 79 28
Microscleres
Fig 4a L 2
Megascleres 550 86

An Acad Bras Cienc (2012) 84 (1)
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Radiospongilla amazonensis
Volkmer-Ribeiro and Maciel (1983)

Figs. 4b, c; Table IT

Radiospongilla amazonensis Volkmer-Riberro and
Maciel (1983): 255, Fig. 5; Volkmer-Ribeiro
(1992): 323, Figs. 2D, 4B, C; Volkmer-Ribeiro and
Motta (1995): 149; Volkmer-Ribeiro et al_ (1998a)-
274:; (1998b): 411; Parolin et al. (2003): 17; Batista
et al. (2003): 530; Tavares et al. (2003): 172, Fig.
8; Batista et al. (2007): 621, Fig. 34; Parolin et al.
(2007): 21, Figs. 4B, B1; (2008): 191, Fig. 7H;
Almeida et al. (2009): 126, Fig. 2G.

TABLEIT
Category and measures (um) of spicules of B amazonensis
detected in the three studied sections. All categories are frequent.

Gemmoscleres are smaller than in the original description.

) Measures Average Average
Spicule length  width
Categories
Megascleres 240 14
Fig. 4b
Gemmoscleres 53 45
Fig 4c )

Trochospongilla variabilis
Bonetto and Ezcurra de Drago (1973)

Fig. 4d; Table ITI

Trochospongilla variabilis Bonetto and Ezcurra
de Drago (1973): 15, Fig 11; Volkmer-Ribeiro
(1992): 323, Figs. 2C, 3; Volkmer-Ribeiro and
Motta (1995): 149: Volkmer-Ribeiro et al_ (1998b)-
410; Volkmer-Ribeiro (1999): 4; Candido et al
(2000): 79; Tavares et al. (2003): 176, Fig. 11;
Batista et al. (2007): 620, Fig. 31; Volkmer-Ribeiro
and Machado (2009): 338, Fig. 4; 340, Figs. 14-19;
Almeida et al. (2009): 126, Fig. 2E.
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TABLE I
Category and measures (nm) of spicules of I vartabilis detected
in the three studied sections.

) Measures Awerage Average
Spicule length  width
Categories
Gemmoscleres 16 1.5
Fig. 4d - scarce
Megascleres 205 11.5

Corvoheteromeyenia australis
(Bonetto and Ezcurra de Drago 1966)

Figs. 4e f g; Table IV

Corvomeyenia australis Bonetto and Ezcurra de
Drago (1966): 137, Lam. ITI.

Corvoheteromeyenia australis Ezcurra de Drago
(1979): 110, Figs. 7-9, 19-22; Tavares et al. (2003):
177, Fig. 16.

TABLEIV
Category and measures (um) of spicules of C. anstralis detected
in the three smudied sections. The longer slim and spinyv
birrotulate microscleres of the species present in sediments are
quite thin and as such reduced to spiny oxeas.

) Measures Awverage Average
Spicule length  width
Categories
Birrotulate 45 14
microscleres - Fig. 4o )
Isoquela microscleres
Fig. 4f - scarce 12 0.6
Lon, scl

ong gemmoscleres 28 45
Fig. 4g
Short gemmoscleres

. 48 2.6
Fig. 4g - scarce
Megascleres 510 7.1
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Heterorotula fistula
Volkmer-Ribeiro and Motta (1995)

Fig. 5a; Table V

Heterorotula fistula Volkmer-Riberro and Motta
(1995): 151, Figs. 1-23; Volkmer-Ribewro et al.
(1998b): 273; Parolin et al. (2007): 20, Figs. 4C,
C1, E, E1; (2008): 191, Fig. 6E; Almeida et al.
(2009): 126, F1g. 2F.

TABLEV
Category and measures (nm) of spicules of H. fistula detected in
the three studied sections. Spicules are scarce, and only the long

category of gemmoscleres is seen.

) Measures Average Average
Spicule length  width
Categories
Long gemmoscleres 128 58
Fig. 5a - scarce )

Corvospongilla seckti

Bonetto and Ezcurra de Drago (1966)

Fig. 5b; Table VI

Corvospongilla seckti Bonetto and Ezcwra de
Drago (1966): 133, Lam. II; (1969): 352; (1970):
52; Batista and Volkmer-Ribeiro (2002): 129;
Batista et al. (2003): 530; Tavares et al. (2003):
177, Fig. 14; Batista et al. (2007): 611, Fig. 33;
Parolin et al. (2007): 21, Figs. 4A. 5.

Corvospongilla bohmii Volkmer-Ribemro et al
(1975): 38, Fig. 7; non Corvospongilla béhmii
(Hilgendorf 1883), Volkmer-Ribeiro et al. (1981):
16, Figs. 6-9; De Rosa-Barbosa (1984): 130.

TABLE VI
Category and measures (nm) of spicules of C. secki detected in
the studied sections. Spicules are scarce.

) Measures Average Average
Spicule length  width
Categories
Gemmoscleres 45 6.2
Quela
microscleres 18 1.2
Megascleres 129 11
Fig. 5b

Eunapius fragilis

(Leidy 1851)
Fig. 5¢; Table VII

Spongilla fragilis Leidy (1851): 278.

Eunapius fragilis Penney and Racek (1968): 25,
Fig. 1; Volkmer-Ribeiro (1999): 4; Tavares et al.
(2003): 172, Fig. 7; Batista and Volkmer-Ribeiro
(2002): 129.

TABLEVI
Category and measures (pm) of spicules of E. fragilis detected in
the studied sections. Spicules are scarce.

) Measures Average Average
Spicule length  width
Categories
Gemmoscleres 75 8
Fig. 5c

Omncosclera navicella
(Carter 1881)

Fig. 5d; Table VIII

Spongilla navicella Carter (1881): 87, Figs. 4a-g.

Oncosclera navicella Volkmer-Ribeiro (1970):
437, Fig. 4; Tavares and Volkmer-Ribeiro (1997):
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103, Figs. 11-14, 16; Batista and Volkmer-Ribeiro
(2002): 132; Batista et al. (2003): 531; Pinheiro et
al. (2003): 3, Figs. 2a, c; Tavares et al. (2003): 177,
Fig. 9; Parolin and Volkmer-Ribeiro (2005): 1009,
Figs. 23-28; Batista et al. (2007): 623, Fig. 36.

TABLE VIII
Categorv and measures (nm) of spicules of 0. navicella
detected in the studied sections. Spicules are scarce: however,
the gemmoscleres are more robust than reported in the
original description.

) Measures Average Average
Spicule length  width
Categories
Gemmoscleres 174 18
Fig. 5d
Megascleres 5
scarce 287 22

Metania spinata
(Carter 1881)

Fig. 5e; Table IX

Tubella spinata Carter (1881): 96, Figs. 2B, 4D, E;
Traxler (1895): 64, Figs. 1-3, 8,9, 12, 14, 15,20, 21.

Metania spinata Volkmer-Ribeiro (1984). 544,
Figs. 5-7; (1986): 498, Figs. 3A, 5; (1990): 325,
Figs. 2a, 3a; (1992): 322, Figs. 2B, 4D, E; Volkmer-
Ribeiro and Costa (1992): 8, Figs. 1E, 4; Volkmer-
Ribeiro and Motta (1995): 149: Volkmer-Ribeiro
et al (1998a): 274, (1998b): 411; Volkmer-Ribeiro
(1999): 5; Parolin et al. (2003): 17; Parolin et al.
(2008): 191, Figs. 6D, 7C, G; Almeida et al. (2009):
126, Figs. 2C, D.

TABLE IX
Category and measures (pm) of spicules of M. spinata detected
in the three studied sections.
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) Measures Average Average
Spicule length  width
Categories
Gemmoscleres scarce
and broken - Fig_ 5e B B
Microscleres - Fig. 5e 47 14
Alpha mepascleres 280 29
Beta megascleres 290 21

scarce

Corvomeyenia thumi
(Traxler 1895)

Fig. 5f; Table X

Tubella thumi Traxler (1895): 64, Figs. 6, 7, 10,
11, 18.

Metania thumi Penney and Racek (1968): 148.
Corvomeyenia thumi Volkmer-Ribeiro (1992): 320,
Figs 2A. 6, 8A; Martin et al. (1992): 190; Sifeddine
et al. (1994): 1647; Volkmer-Ribeiro and Motta
(1995): 155; Volkmer-Ribeiro and Turcq (1996):
186, Figs. 1-4; Cordeiro et al. (1997): 815; Turcq
et al. (1998): 140; Volkmer-Ribeiro et al. (1998a):
273, (1998b): 410; Volkmer-Ribeiro (1999): 5;
Sifeddine et al. (2001): 231; Corderro et al. (2008):
51; Almeida et al_ (2009): 126.

TABLE X
Category and measures (um) of spicules of C. thumr detected
in the studied sections.

) Measures Average Average
Spicule length  width
Categories
Gemmoscleres scarce
and broken - Fig_ 5f B )
Microscleres - scarce 39 0.2
Megascleres 490 12
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Fig. 4. Scanning Electron Micrescope images (a, ¢, e, f} and Optical Microscope picture (b, d, g) of the sponge spicules found in the rocks
of the Cemitério paleclake. a. Dosilia pydanieli Volkmer-Ribeiro (1992): a. microsclere; b, ¢. Radiospongilla amazonensis Volkmer-Ribeiro
and Maciel (1983): b. megasclere, c. gemmosclere; d. Trochospongilla variabilis Bonetto and Ezcurra de Drago (1973): gemmoscleres; e, £ g.

Corvoheteromeyenia australis (Bonette and Ezcurra de Drago 1966): e. spiny oxea microscleres, . chela microsclere, g. leng (gml) and short (gmc)
gemmoscleres.
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Fig. 5. Scanning Electron Microscope images (a, b, ¢, f) and Optical Microscope picture (e} of the sponge spicules found in the rocks of the
Cemutério paleolake. a. Heterorotula fistula Volkmer-Ribeiro and Motta (1993): fragment of long gemmosclere; b. Corvespongilla seckti Bonetto

and Ezcurra de Drago (1966): megasclere; c. Eunapius fragilis (Leidy 1851): gemmosclere; d. Oncosclera navicella (Carter 1881); gemmosclere;
e. Metania spinata (Carter 1881): microsclere (mi) and fragment of gemmosclere (gm); £ Corvomeyenia thumi (Traxler 1895): gemosclere.
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SPECTFIC SPONGE COMPOSITION AT THE BIOFACIES
Section 1 (Fig. 6)

Layer 1: Few spicules of C. seckti, M. spinata,
D. pydanieli and C. australis.

Layer 2: Few spicules of C. seckti and O. navicella.
Layer 3: Spicules absent.

Layer 4: Few spicules of M. spinata, D. pydanieli,
C. australis, R. amazonensis and T. variabilis.
Layer 5: Spongofacies with spicules of M. spinata,
D. pydanieli, C. australis, R. amazonensis and T.
variabilis.

Layer 6: Spongofacies as in Layer 5.

Layer 7: Few spicules, as in Layer 4.

Layer 8: Spicules absent.

Layer 9: Spongofacies as in Layer 5.

Layer 10: Spongofacies as in Layer 5.

Layer 11: Spongofacies as in Layer 5.

Layer 12: Few spicules, as in Layer 4.

Layer 13: Few spicules, as in Layer 4.

Layer 14: Spongofacies as in Layer 5.

Layer 15: Few spicules of M. spinata, D. pydanieli
and C. australis.

Layer 16: Few spicules, as in Layer 15.

Layer 17: Spicules absent.

Layer 18: Spicules absent.

Section 2 (Fig. 7)

Layer 1: Few spicules of E. fragilis, M. spinata,
D. pydanieli, R. amazonensis, T. variabilis, C.
australis, H. fistula, C. seckti and O. navicella.
Layer 2: Few spicules, differing from that of Layer
1 by the absence of E. fragilis and O. navicella.
Layer 3: Spongofacies of M. spinata, D. pydanieli,
R. amazonensis, C. australis, H. fistula and C. seckti.
Layer 4: Spongofacies differing from that of Layer
3 by the absence of C. seckti.

Layer 5: Few spicules of C. seckti.

Layer 6: Few spicules of H. fistula.
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Layer 7: Few spicules of H. fistula and C. seckti.
Layer 8: Spicules absent.

Layer 9: Spicules absent.

Layer 10: Spicules absent.

Layer 11: Spongofacies with spicules of M.
spinata, D. pydanieli, R. amazonensis, T. variabilis,
C. australis, H. fistula and C. thumi.

Layver 12: Spongofacies differing from that of
Layer 11 by the presence of O. navicella.

Layer 13: Spongofacies differing from that of Layer
11 by the absence of R. amazonensis and C. thumi.
Layer 14: Spongofacies differing from that of Layer
11 by the absence of R amazonensis, T. variabilis
and C. thumi.

Layer 15: Spongofacies diffening from that of Layer
11 by the absence of C. seckti and O. navicella.
Layer 16: Spongofacies differing from that of
Layer 11 by the absence of C. thumi.

Section 3 (Fig. 8)

Layer 1: Few spicules of D. pydanieli, R. amazo-
nensis, T. variabilis and C. qustralis.

Layer 2: Spongofacies with spicules of D. pyda-
nieli, R. amazonensis, T. variabilis, C. australis,
C. thumi and M. spinata.

Layer 3: Spongofacies with spicules of D. pyda-
nieli, R. amazonensis, T. variabilis, C. australis
and M. spinata.

Layer 4: Spongofacies as in Layer 3.

Layer 5: Few spicules of D. pydanieli, R. amazo-
nensis, T. variabilis, C. qustralis and M. spinata.
Layer 6: Spongofacies as in Layer 3.

Layer 7: Spongofacies as mn Layer 3.

Layer 8: Spongofacies as in Layer 3.

Layer 9: Spongofacies as in Layer 3.

Layer 10: Spongofacies as in Layer 3.

Layer 11: Spongofacies as in Layer 3.

Layer 12: Spongofacies as in Layer 3.

Layer 13: Spongofacies as in Layer 3.
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STRATIGRAPHIC RANGES

Spicules of M. spinata, D. pydanieli and C. australis
were present throughout Section 1 (from Layer 1 to
16); the ones of R. amazonensis and T. variabilis were
present from Layer 4 to 16. C. seckti and O. navicella
appeared with rare spicules in Layers 1 and 2 (Fig. 6).

Spicules of D. pvdanieli, R. amazonensis,
T variabilis, C. ausiralis and H. fistula were present
throughout Section 2 (from Layer 1 to 16); the ones

of C. seckti and O. navicella from Layer 1 to 13,
and those of C. thumi from Layer 11 to 15. Rare
spicules of E. fragilis were seen 1n Layer 1 (Fig. 7).

Spicules of D. pydanieli, R. amazonensis, T.
variabilis and C. australis were present throughout
Section 3 (from Layer 1 to 13), and the ones of M
to 13. Rare spicules of C.
thumi were seen in Layer 2 (Fig. 8).

spinata from Layer 2

Section 1

26/

1 *i_ﬁ_i °__°_°lj —*6
- e 5
0 8
9 — 4
8
. Covered
‘ rocks
6
o® o a " — 1 L
ila® o W,
. * s _— 2
4 o * o =
— ]
° -]
3 o
2 o o —_— I
o °
1
o ° o @ A
0 T T
A SATAmAg C
Granulometry

F

Relative amounts
of spicules

3
Stratigraphic range
of the species

Fig. 6. Profile of Section 1 (meters) vis-a-vis the corresponding relative amounts of sponge spicules (A, absent; F. few; S, spongofacies) and
stratigraphic range of the identified species. (X, occurrence of a particular species; A, argillite; S, siltstone; Af. fine sandstone; Am, medium
sandstone; Ag, coarse sandstone; C, conglomerate). Legend of rocks as Figure 3. From V.S M., unpublished data.
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Fig. 7. Profile of Section 2 (meters) vis-a-vis the comesponding relative amounts of sponge spicules (A, absent; F.
few; S, spongofacies) and stratigraphic range of the identified species. (X, occurrence of a particular species; A,
argillite; 5. siltstone; Af, fine sandstone; Am medium sandstone; Ag, coarse sandstone; C, conglomerate). Legend

of recks as Figure 3. From V.S M., unpublished data.

DISCUSSION AND CONCLUSION

The spicules found i the rocks of the Cemutério
Paleclake revealed a predominance of sponges
typical of lentic paleoenvironments: Metaniaspinata
(Carter 1881), Desilia pydanieli Volkmer-Ribeiro
(1992), Radiospongilla amazonensis Volkmer-

Ribero and Maciel (1983), Trochespongilla
variabilis Bonetto and Ezcurra de Drago (1973),
Corvoheteromeyenia  australis  (Bonetto  and

Ezcwra de Drago 1966), Corvomeyenia thumi
(Traxler 1895) and Heterorotula fistula Volkmer-
Ribeiro and Motta (1995) (Figs. 4, 5; Tables I,
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I, I, IV, V, IX, X). With the exception of the
last two, these species are abundant in the rocks
and exhibit a prolonged stratigraphic range m
the three analyzed sections (Figs. 6, 7, 8). The
marked occurrence of this assemblage throughout
the stratigraphic columns, comprising 25 layers
characterized as spongofacies [Layers 5, 6, 9, 10,
11 and 14 from Section 1 (Fig. 6), Layers 3, 4, 11,
12,13, 14, 15 and 16 from Section 2 (Fig. 7), and
Layers 2, 3. 4,6, 7,8, 9,10, 11, 12 and 13 from
Section 3 (Fig. 8)], confirms the lentic nature of the
system and indicates the assemblage as indigenous
to the Cenutério Paleolake.
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E. few; 5, spongofacies) and stratigraphic range of the identified species. (X, occuwrence of a particular species;
A argillite; S, siltstone; Af, fine sandstone; Am medium sandstone; Ag, coarse sandstone; C, conglomerate).
Legend of rocks as Figure 3. From V.5 M., unpublished data.

Except for the species C. qustralis, the lentic
assemblage found in the rocks of the Cemutério
paleolake was recorded m spongillite deposits in
the Cerrado region of Conceigio das Alagoas and
Santa Vitoria, Minas Gerais State; Sdo Simdo,
Goias State; Paranaiba, Mato Grosso do Sul State,

and Porto Ferreira, Sdo Paulo State (Volkmer-
Ribeiro and Moftta 1995, Volkmer-Ribeiro 1992,
Almeida et al. 2009). The species H. fistula has also
been described from spongillite deposits found in
the region of Conceigéo das Alagoas, Minas Gerais
State (Volkmer-Riberro and Motta op cit.), and was
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subsequently registered in a column of sediment
recovered from the floodplain of the Esperanca
River, Taquarussu region, Mato Grosso do Sul
State (Parolin et al. 2007). Intriguingly, no living
specimens of H. fistula have ever been recorded
and, as a consequence, their ecology and habitat
preferences are pgenerally unknown. However,
Volkmer-Ribeiro and Motta (1995) pomted out
that the species of the genus Hererorotula, hitherto
endemic to Australia, appear in environments
that are seasonally exposed to drought and form
delicate crusts on the roots of aquatic vegetation,
with a consistency rangmg from fragile to hard, but
brittle. Volkmer-Ribeiro (1992) also reported this
same assemblage, with the exception of H. fistula,
in a seasonal lake on the island of Maraca, Roraima
State, and in lakes between Boa Vista and the 1sland
of Maraca. This island i1s considered to exhibit a
transitional environment between Amazon Forest
and the Cerrado. The temporary lake consists of a
small body of water that during the ramny season
does not exceed two meters in the center and
can dry up completely at the height of the dry
season. Volkmer-Ribeiro et al. (1998b) noticed
the similarity of this assemblage of live sponges,
occurring in the Brazilian Cerrado Biome, with the
assemblage found in the spongillite, and pomnted
to the possibility that these deposits represent a
remmant of typical lakes from the Cerrado. Later,
Volkmer-Ribeiro (1999) reported the occurrence
of the species R amazonensis, D. pyvdanieli, T.
variabilis, M. spinata and C. thumi for the state of
Sdo Paulo, and indicated that assemblage as typical
of lakes in the current Cerrado Biome.

C. australis, identified for the first time in an
assemblage formed by biosiliceous deposits, is
endemic to South America and was described based
on the material collected in Argentina, with the fype
locality being Setubal Lake, but also in Don Felipe
Lake and in waterbodies of Carabajal Island, being
all of them environments of the Middle Parana
Raver floodplam that 1s located in the province of
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Santa Fe, Argentina (Ezcurra de Drago 1979). The
specimens were found near the mouths of streams,
exposed to considerable flowing water (Ezcurra
de Drago op cit). Regarding Brazil, the species
was first recorded for the Jacui Delta, Rio Grande
do Sul, encrusting the roots of the macrophyte
Eichornia azurea (Sw.) Kunth (Tavares et al. 2003),
with very similar environmental characteristics to
those of the type locality.

The taxonomic analysis of the basal portion
of the Cenutério Paleolake deposit (Layers 1 and
2 from Section 1 and throughout Section 2) (Figs.
6, 7) also revealed the presence of spicules from
the sponges Corvospongilla secksi Bonetto and
Ezcurra de Drago (1966), Oncosclera navicella
(Carter 1881) and Eunapius fragilis (Leidy 1851)
(Fig. 5; Tables VI, VII, VIII), which are indicator
species of lotic environments (Batista and
Volkmer-Ribeiro 2002, Tavares et al. 2003). The
presence of spicules from these three species in the
basal rocks, combined with the short stratigraphic
range observed, points to the mfluence of a lotic
environment in the proximity of the paleolake,

which would be responsible for the transnussion of
spicules to the depocenter of the basin and results
in the deposition and sedimentation of distinct
sponge assemblages (sponge species/assemblages
characteristic of lentic and lotic environments). It
follows that C. seckti, O. navicella and E. fragilis
of the
sponge fauna from the Cemutério Paleolake. Tlus
interpretation is supported by the stratipraphy at
Section 1 whose the basal section is dominated
by coarse particle sizes suggesting deposition in a

constitute  elements allochthonous

strong uni-directional flow.

Parolin et al. (2007) had previously identified
the occurence of continental sponge species
that are characteristic of different environments,
lotic (Trochospongilla repens Hinde 1888 and C.
seckti) and lentic (R. amazonensis and H. fistula),
in two sediment profiles m the floodplain of the
Esperanca River, Taquarussu region, Mato Grosso
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do Sul State, Brazil According to these authors,
the species H. fistula, which 1s mdicative of lentic
environments, occurred from the most basal portion
to the top of the deposit, while others occurred only
m some layers. Thus, they concluded that there had
been a lentic habitat marginal to the river caused
by pulses of flooding of the river, which were well
defined by the punctuated presence of spicules of C.
seckti and T. repens. Furthermore, they highlighted
the moment when the gemmoscleres of H. fistula
occurred together with well-formed megascleres of
R. amazonensis, a species identified as an indicator
of peat, showing an icrease in the residence of
water in the lentic body that was responsible for the
accumulation and formation of peat along the banks
of the Esperanca River from the early Holocene.
The analysis of the basal rocks from the
Cemitério Paleolake also allows a discussion
regarding their formation Layers 1, 2, 3 and 4
of Section 2 (Fig. 7) are characterized by the
progression of a few spicules (Layer 1, 2) to the
spongofacies (Layers 3, 4 - Fig 7), indicating that the
mitial volume of water in the basin was munumum,
followed by an increase in water with the probable
establishment of macrophytic vegetation, which
acts as a substrate for sponges and 1s always present
i shallow lakes. The following layers (Layers 5,
6, 7, Fig 7) show a reduction in spicules, showing
a decline in the water column of the basin with the
possible occurrence of acid water, which can form
karstic lakes in terrains made up of carbonatite rocks.
Ribeiro et al. (2001) suggested two hypotheses for
the genesis of a “Dry Paleolake™, which is a deposit
located 1n the same Cataldo complex and 15 sumilar
to the Cemitério Paleolake. The first one is based
on the leaching of the underlying carbonatite and
phoscorite, a process that could result in large
caves or dolines, thereby decreasing the size of the
rock by up to five times. The second hypothesis
mvolves a small-scale localized collapse, which
could result in a reduction in the volume of the
rock that causes subsidence. Either way, both

hypotheses point to the lakes appearing as a result
of the erosion occurred in an area of karstic relief.
The accumulation of humic substances, which
resulted from a natural process of eutrophication
caused by the production of macrophyte vegetation
in the basin. would contribute to the accelaration of
an erosive karstic process that leads to subsidence at
the bottom of lakes. The alternation of clay (Layers
2,3,4.6,8,9, 10, 12, 13, 15 and 16, Section 2) and
conglomerates (Layers 1, 5, 7, 11 and 14, Section 2)
1s indicative of such a process (Fig. 7).

In addition, we interpret a strong lotic influence
at the beginning of the paleolake’s listory, as
indicated by the species Cseckri, O. navicella
and E. fragilis (Fig. 6, 7). The conditions of lotic
enviromments may have contributed to greater
volumes of water and, consequently, to increased
physical and chemical weathering at the bottom of
the lake, which 1s typical of karstic lakes. Auler et
al. (2005) report that, at the bottom of these karstic
lakes, sediments of allochthonous and autochthonous
origin can be found, respectively, derived from the
production within the lake system and from the mfiux
of rainwater from the slopes of the drainage basin.

The ages obtained by N.C., unpublished data,
forlayer 16 of Section 2 (Figs. 3, 7) of the Cemitério
Paleolake allow one aspect to be addressed by this
study. The author used two methods of dating for
the sediments (sand lenses) found m tlus layer,
thermoluminescence (TL) and optically siimulated
luminescence (OSL) (Aitken 1985, Madsen and
Murray 2009). TL resulted i an age of 34,700 + /
- 5,000 years BP., while that obtained with OSL
was 27,500 + / - 4,000 years BP. Considering the
range of overlap of the error bars of these two
geochronologies, this layer 1s believed to have an
age between 29 700 and 31,500 years BP. (Figs. 3, 7).
Given the presence of spongofacies at the base of
Section 2, which represents the oldest rocks of the
Cemutério Paleolake, with a marked occurrence of
the sponge assemblages that are characteristic of
lentic environments (M. spinata, D. pydanieli, R.
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amazonensis, T. variabilis, H. fistula and C. thumi),
1t seems reasonable to suggest a maximum age of
at least 39,700 years BP., considering the margin of
error of the oldest dating.
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RESUMO

O Paleolago Cemitério, Catalio, Goids. € um depdsito
lacustre rico em espiculas de espomjas continentais.
Essas espiculas. que estio presentes em trés secdes
(1-3). foram analisadas para identificacio taxondémica
das espécies, a fim de reconstruir o palecambiente do
Quaternario tardio. Foi encontrada uma assembleia
nativa de esponjas lénticas, consistindo de Merania
spinata(Carter 1881), Dosilia pydanieli Volkmer-Ribeiro
(1992), Radiospongilla amazonensis Volkmer-Ribeiro
e Maciel (1983), Trochospongilla variabilis Bonetto e
Ezcurra de Drago (1973). Corvomeyenia thumi (Traxler
1895), Heterorotula fistula Volkmer-Ribeiro & Motta
(1995), acrescida de Corvoheteromeyenia australis
(Bonetto e Ezcurra de Drago 1966). que aqui tem o seu
primeiro registro em assembleta formadora de depésitos
biosilicosos. Além disso, na base das secdes, foram
detectadas espiculas de espomjas de ambiente lotico,
inclundo Corvospongilla seckii Bometto e Ezcurra
de Drago (1966), Oncosclera navicella (Carter 1881)
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e Eunapius fragilis (Leidy 1851). o que sugere uma
contribuigio de dguas com fluxo. Foram identificados 25
horizontes de espongoficies produzidos por assembleia
de esponjas tipicas de ambiente léntico. datado de pelo
menos 39.700 anos AP, e atualmente ocorrente em

lagoas tipicas do Bioma Cerrado.

Palavras-chave: Bioma Cerrado, esponjas continentais,
paleomterpretacdes do Quatemano, sedimentos, espiculas.
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FOSSEIS DE ESPONJAS CONTINENTAIS NO PALEOLAGO CEMITERIO,
CATALAO, GOIAS

Vanessa de Souza Machado"’, Cecilia Volkmer-Ribeito' (co-orient.) e Roberto Tannuzzi
(orient.)
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O deposito Paleolagp Cemitério, localizado na mina de fosfato a céu aberto da
“Ultrafért]”, Catalao, Goias, possui rochas sedimentares quaternarias, assentadas sobre um
domo carbonatitico cretaceo, e ricas em espiculas de esponjas continentais. Trés camadas
desse depdsito, estudadas nas Colunas/Secoes 1 e 2, caracterizam-se pela presenca de
fésseis articulados de esponjas continentais: feixes de megascleras e gémulas. Visando sua
utilizacado como dado pmxi de reconstrucio paleoambiental, procedeu-se ao estudo
taxonomico e tafonémico dessas estruturas, utilizando analises a0 Microscépio Eletronico
de Varredura (MEV). Os feixes de megasderas alinhados, inclusive com as extremidades
desses feixes, parecendo “entrar” na rocha, indicam uma preservacao em trés dimensoes.
Esses feixes sio formados por megascleras 6xeas lisas, bem formadas e inteiras, levemente
curvadas e com a ponta agucada, pertencendo a duas das espécies que ocorrem com
abundiancia de espiculas desarticuladas ao longo do depésito: Dosilia pydaniei e
Corvobeteromeyenia australis. As gémulas articuladas foram identificadas como pertencentes as
espécies C. australis, D. pydanieli, Heterorotula fistula, Radiospongilla amazonensis e Comwomeyenia
thumt. O processo de preservacao dessas gémulas mostrou diferencas. Em alguns, a gémula
manteve sua forma esférica original, permitindo mensurar seu diametro, a espessura da
camada pneumitica e a observagao do posicionamento das gemoscleras nessa camada. Em
outros, perdewse a disposigao radial original. Essas diferencas de preservagao atrbuem-se
em primeiro lugar as diferentes estruturas dessas gémulas, peculiares a cada uma das
espécies detectadas. Conclui-se que o soterramento dessas estruturas deva ter ocorrido em
paleoambiente calmo e raso, evidenciando o preenchimento lento pelos sedimentos, sem
fluxos de agua, o que certamente desarticularia, tanto os feixes de megascleras, quanto a
estrutura das gémulas. Alm disso, os fésseis observados indicam que esses sedimentos nio
sofreram retrabalhamento apds o soterramento e compactagio.

(Apoio: UFRGS/ FZBRS/ CNPq)

170 FZB/FEPAM e Pos-Graduacdo: algumas comunicacoes
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pelo tempo... Natal: Sociedade Brasileira de Paleontologia, 2011, p. 230-233.
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RESUMO

No depésito quaterndrio do Paleclago
Cemitério, Catalio, Goids, foram identificadas
indimeras gémulas fésseis articuladas pertencentes
3s espécies Corvobeteromeyenia australis (Bonetto
& Ezcurra de Drago, 1966), Dosilia pydanieli
Volkmer-Ribeiro (1992), Heterorotula fistula
Volkmer-Ribeiro & Motta {1995}, Radiospongilia
amazonensis Volkmer-Ribeiro & Maciel (1983}
e Corvomeyenia. thumi {Traxer, 1895). Dadas
as condigbes inéditas de preservacio dessas
gémulas, conclui-se que seu soterramento ocorreu
em paleoambiente léntico calmo, no qual ndo
ocorreram retrabalhamentos posteriores.

Palavras-chave: gémulas de esponjas de
igua doce, palecambiente léntico, Quaterndrio

ABSTRACT

In the Quaternary Cemitério Paleolake
deposit, Cataldo, Goids, were recovered several
articulated fossil gemmules of the following
species: Corvobeteromeyenia australis {Bonetto
& Ezcurra de Drago, 1966), Dosilia pydanieli
Volkmer-Ribeiro (1992), Heterorotula fistula
Volkmer-Ribeiro &8 Motza (1995), Radiespongilla
amazonensis Volkmer-Ribeigp & Maciel (1983)
and Corvomeyenia thumi (Traxier, 1895). Given
the extraordinary conditions of preservation
of these gemmules the conclusion is apparent
that their burial took place in a calm, lentic
palecenvironment, without later reworked of
sediments.

Keywords: gemmules of freshwater
sponges, lentic palecenvironment, Quaternary

INTRODUGAO

O depésito Paleolago Cemitério, Cataldo,
Goids, possui rochas sellimentares quaterndrias
ricas em micro ¢ macrofésseis. Compondo

os sedimentos sio encontrados nUMErosos
microfdsseis, como frastulas de diatomdceas,
espieulas de esponjas continentais e grios de pdlen,
além disso, ocorrem macrofdsseis, constituidos
por restos de vegetais (Cardoso & Tannuzzi, 2006)
e vertebrados (anfibios). O estudo das aprecidveis
quantidades  de  espiculas  desarticuladas
preservadas nas rochas do Paleolago Cemitério
levou 4 identificagio de comunidade autdctone a0
paleolago e composta por Metania spinata (Carter,
1881), Dosilia pydanieli Volkmer-Ribeiro (1992),
Radiespongills amazonensis Volkmer-Ribeiro &
Maciel (1983), Trochaspongilla variabilis Bonetto
& Ezcurra de Drago (1973), Corvomeyenia thumi
(Traxler, 1895), Heterorotuln fistula Volkmer-
Ribeiro & Motta (1995) e Corvohéizromeyenia
australis (Bonetto & Ezcurra de Drago, 1966)
{Machado, 2009; Machado & /., no prelo). Na
ocasifio, foi constatada, em algumas camadas, a
presenga de gémulas preservadas de esponjas,
cujo estudo reservou-se para etapa pOSterior
Esse constitui objeto do presente trabalho, que
contém os resultados da andlise taxondmica e
morfolégica com que se identificaram as espécies
produtoras de tais gémulas, Fésseis articulados de
esponjas continentais sio rarissimos no registro
paleontolégico e inéditos para o Brasil.

MATERIAIS £ METODOS

O Afloramento Paleolago Cemitério €
um depdsito lacustre com exposicdo continua,
datado de, no minimo, 39.700 anos AP (Cardoso,
2007, Machado 7 4/, no prelo). Localiza-se na
parte central do Complexo Ultraméfico-alcalino-
Carbonatitico de Cataldo I, 2 15 km do centro do
municipio de Cataldo, Goids {18°08’S 47°08'W -
Fig. 1). Trés perfis estratigraficos, Secdes 1,2 ¢ 3,
foram amostrados em distintos locais da exposicdo
do Paleolago Cemitério, compostos por 21,19 ¢
13 camadas, respectivamente. A identificagio das
estruturas articuladas de esponjas nos sedimentos



foi realizada com a observagio 20 Microscopio
Estercoscépico dos planos de acamamento de cada
camada das trés seg8es. Depois de fotografadas
com Camera Fotogrifica Digital Sony P-73, as
gémulas foram separadas da matriz rochosa com
auxilio de um bisturi, coladas com esmalte incolor
nos suportes do Microscépio Eletronico de
Varredura (MEV), visando o estudo morfoldgico
e 2 identificagdo taxondmica. As andlises e fotos
a0 MEV foram feitas no Centro de Microscopia
da Universidade Luterana do Brasil (ULBRA).
A identificagiio das espécies seguiu Volkmer-
Ribeiro (1992), Volkmer-Ribeiro & Motta {1995),
“Machado (2009) e Machado ¢ 7. {no prelo).

RESULTADOS

Foi identficada grande gquantidade
de gémulas fosseis preservadas nas rochas das
Camadas 12 ¢ 15 da Segfio 2 (Fig. 2), pertencentes
as  espécies  Coruvoheteromeyenia  ausivalis
(Bonetto & Ezcurra de Drago, 1966) (Figs. 3,
4), Dosilia pydanieli Volkmer-Ribeiro (1992),
Radiospongilla amazonensis Volkmer-Ribeiro &
Maciel (1983) (Figs. 5, 6), Corvomeyenia thumi
(Traxler, 1895) e Heterororula fistula Volkmer-
Ribeiro & Motta 1995, Essas espécies ocorrem
também com espiculas desarticuladas na matriz
rochosa 20 longe de todo o depésito (Machado,
2009; Machado ef 4l, no prelo), confirmando
os resultados jA4 propostos da ocorréncia de
uma comunidade espongoldgica autéctone no
Paleolago Cemitésio. O processo de preservacio
dessas gémulas mostrou diferencas. Na maioria
das espécies, as gémulas mantiveram a forma
estérica {Figs. 3, 5), permitindo mensurar seu
didmetro aproximado, 2 espessura do que seria o
espaco ocupado pela camada pneumdtica ¢, ainda,
observar o posicionamento das gemoscleras nessa
camada (Fig. 4}. Noutras, perdeu-se a disposicio
radial original das gemoscleras.

CONCLUSOES

As diferencas observadas na preservacio
dos distintos espécimes sio devidas, em primeiro
lugar, 4s estruturas dessas gémulas, peculiares a
cada uma das espécies detectadas. De qualquer
modo, conclui-se que o soterramento dessas
estruturas deva ter ocorrido em paleoambiente

lentico calmo, com actimulo lento de sedimentos,
sem fluxos ou movimentos maiores de dgua, o
que certamente transportaria as gémulas. Além
disso, 2 preservacio inédita dessas gémulas indica
que os sedimentos que as contém nio sofreram
retrabalhamentos posteriores.
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Figura 1. Mapa de localizacio do Complexe Ultraméfico-alcalino-carbonatitico de Cataldio |, onde sa situa o depdsito do
Palenlago Cemitério, Fonte: Cardosc & fannuzzi {20086).

232



- Perfil Litoestratigrafico - Segfia 2
PALEOLAGO CEMITERIO
Cataldoe - GO
10
"85 ©° o]
T A
ety
e 15
CAMADAS CONTERDO
12 AS GEMULAS FUSSEIS
S
o E ]
o S
& o%o Liastos
22 #* s Clasios orgdnicos
2 o 0 o © 3£ Lentes zreniticas
| et i R Camada carbonosa
A SafAmaAgC 7 Macrofésseis de plantas
. {ranulometris

Figura 2. Perfil Litosstratigréfico da Se¢fo 2, indicendo as camadas onde as gémulas féssels foram encontradas.
Modificado de Machado et al. {no pralo).

Figura 3, 4, 5, 6, Fotografias ao Microscdpio Elstrénico de Varradura [MEY) das gémulas fssais do Paieolago Cemitério.
3, 4. Corvoheteromeyenia qustralis (Bonetto & Ezcurre de Drags 1966} 3, gémula fossil; 4, detathe mostrando as

gemoscieras ainda alinhadas. 5, 6. Radiospongilic amozonensis Volkmer-Ribeiro & Macie! 1983: 5, praservacio de trés
gémulas; 6, datalhe mostrando as gemaoscleras.
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Caracterizagao da lagoa Serra Negra em Patrocinio, MG, favorecedora de
acumulo de espiculas de esponjas formadoras de jazidas de espongilitos.

Vanessa de Souza Machadof; Cecilia Vo;‘kmer—bee.froz; Roberto lannuzzi3
1 PPGeociéncias-UFRGS (biologavsm@gmail.com); 2 MCN/FZB-RS; 3 DPE-IG-UFRGS

RESUMO:

O espongilito constitui rocha sedimentar de origem quaternaria constituida por sedimentos lacustres
formados de, particularmente, espiculas silicosas de seis espécies de esponjas continentais,
associadas a uma quantidade maior ou menor de carapagas de diatomaceas, gréos de areia, argila
e matéria organica. No Brasil, o estudo de espongilitos vem sendo taxonémica e ecologicamente
detalhado e territorialmente expandido nas ultimas décadas, caracterizando jazidas de idade
quaternaria, até aqui restritas ao Bioma Cerrado no Centro-oeste Brasileiro. Até o momento, nao
havia sido detectado acumulo dessas espiculas em sistemas Iénticos atuais. As Anadlises dos
sedimentos superficiais da Lagoa Serra Negra, localizada em Patrocinio, Minas Gerais, revelaram
ocorréncia de conspicuo depdsito biosilicoso, com destaque para espiculas de esponjas, o que
permitiu um entendimento preliminar das condi¢des de formacio desses depésitos de espiculas. A
area de estudo faz parte da Provincia ignea do Alto Paranaiba, que se estabeleceu durante o
Neocretaceo. Dentre os complexos alcalinos-carbonatiticos dessa provincia destaca-se a Serra
Negra, a oeste de Minas Gerais. Esses complexos sao tipicamente deformados em estruturas
démicas, sendo que a Lagoa Serra Negra esta localizada na parte central de uma dessas

estruturas, com area superficial de cerca de 1 km?2 (105 hectares a aproximadamente 280 metros
acima do nivel de base local, com altitude maxima de 1.270 metros). A Lagoa apresenta forma
circular, certa estabilidade na residéncia na agua, fluxo de agua constante no centro da lagoa e
grandes manchas arredondadas marginais de colonizacdo por macréfitas. A coluna de agua néo
ultrapassa 2 metros. Foi levada a efeito coleta dos sedimentos superficiais do fundo do lago com o
auxilio da draga de Eckmann. Esses sedimentos foram analisados granulometricamente, pelo
meétodo de decantacdo de pequenas particulas em meio liquido, e do teor de matéria organica, com
2 gr. de sedimento exposto a temperatura de 550°C por 4hs, conforme Wetzel. As espiculas
contidas nesses sedimentos foram analisadas com o intuito de identificar as espécies de esponjas
formadoras desse depésito. Os sedimentos podem ser caracterizados como finos, com elevados
teores de matéria organica e formacao de turfa. Foram identificadas espiculas das seis espécies de
esponjas formadoras de jazidas de espongilitos: Metania spinata (Carter, 1881), Radiospongilla
amazonensis Volkmer-Ribeiro & Maciel (1983), Trochospongilla variabilis Bonetto & Ezcurra de
Drago (1973), Corvoheteromeyenia australis (Bonetto & Ezcurra de Drago, 1966), Heterorotula
fistula Volkmer-Ribeiro & Motta (1995) e Dosilia pydanieli Volkmer-Ribeiro (1992). Essa comunidade
espongologica, com excec¢do de H. fistula, ja havia sido registrada vivendo em lagoas sazonais na
llha de Maraca, Roraima, contudo sem constituir aciumulo de espiculas no fundo. Atribui-se essa
distincdo quanto a formacdo ou ndo de deposito de espiculas entre as duas lagoas, ao tempo de
residéncia da agua na bacia, longa na Serra Negra e curta em Maraca, devido as estagdes de seca
regulares. Cré-se que deva ocorrer também uma maior disponibilidade de silica no ambiente da
Serra Negra. Ja a incidéncia de macréfitas € abundante em ambos os ambientes.
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Anexo E

“Estudo de lagoa com depdsito atual de espiculas de esponjas em
Minas Gerais, Brasil. com vista a paleointerpretacao”

Machado, V.S., Volkmer-Ribeiro, C.; lannuzzi, R. In: XIV CONGRESSO
BRASILEIRO DE LIMNOLOGIA, 2013. Bonito, Anais do Congresso... Bonito:
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ESTUDO DE LAGOA COM DEPOSITO ATUAL DE
ESPICULAS DE ESPONJAS EM MINAS GERAIS, BRASIL,
COM VISTAS A PALEOINTERPRETACAO.

Vanessa de Souza Machado, Universidade Federal do Rio Grande do Sul, Cecilia
Volkmer-Ribeiro, Museu de Ciéncias Naturais da Fundacao Zoobotanica do Rio
Grande do Sul, Roberto lannuzzi, Universidade Federal do Rio Grande do Sul, BR.
biologavsm@gmail.com

O Paleolago Cemitério, Cataldo, GO, compreende um depdsito lacustre quaternario
rico em espiculas de esponjas continentais, assentado sobre um domo carbonatitico
cretaceo. Visando abordar os condicionantes ambientais envolvidos nesse processo
de biodeposicdo, desenvolveu-se estudo em verdo e inverno numa lagoa viva,
formada sob 0 mesmo contexto geomorfolégico e situada dentro do mesmo bioma, o
Cerrado. A Lagoa Serra Negra, em Patrocinio, MG, situa-se a cerca de 200 km do
Paleolago Cemitério, e seus sedimentos atuais revelaram conspicuo depodsito de
espiculas. A lagoa possui area de 1 km? e compreende uma zona irregularmente
pantanosa e rica em turfa. A bacia de agua livre esta restrita & por¢édo norte. Possui
coluna de agua permanente, fluxo constante no centro e macrofitais nas margens.
Foram realizadas coletas de agua e de sedimento, esse com draga de Eckmann.
Cerca de 0.35 cm® de sedimento de cada ponto de amostragem foi processado,
obtendo-se laminas permanentes de espiculas dissociadas. Dois sedimentos ricos em
espiculas foram analisados granulometricamente e quanto ao teor de matéria
organica. Os resultados mostram que o depdsito de espiculas esta restrito a porcao
norte da lagoa, com abundancia de macrofitas, substrato para as esponjas. A
residéncia permanente da agua favorece a producdo continua dessa fauna. Os
sedimentos s&o finos, com elevados teores de matéria organica e formacéo de turfa.
Essa age como um filtro natural e pode estar favorecendo o actumulo de espiculas no
fundo. Através da andlise de agua foi possivel identificar uma lagoa de turfeira do tipo
fen, minerotrofica, com importante influéncia das aguas dos corregos contribuintes. O
alto teor de silica dissolvida na agua esta certamente favorecendo a producio de
esponjas, e provavelmente é oriundo das rochas que formam esse domo. Os
resultados apontam para condicdes pretéritas semelhantes no Paleolago Cemitério.

Palavras-chave: Espiculas de esponjas, turfeira, sedimentos de fundo, Bioma Cerrado,
Brasil.

Apoio Financeiro: UFRGS, CNPq, MCN/FZB-RS.
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Carta de submissdo do manuscrito do Capitulo 2:
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of Biology, Sdo Carlos, submetido.
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